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DICTIONARY OF CHEMISTRY, 


H. 


HJElttAPHBIW. Blood- drown. (Simon, Mcdicin. Chem. i. 328; Handw. d. 
Chem. 2*\ Aufl. ii. [2] 157.) A brown substance, probably a product of the decom- 
position of haematin, obtained from blood by the following process : — Dried blood is 
repeatedly exhausted with boiling water, warm other, and lastly with alcohol contain- 
ing sulphuric acid, and the latter solution, after supersaturation with ammonia, is 
evaporated to dryness. The residue is exhausted with alcoholic ammonia, the solution 
is again evaporated to dryness, and the residue is exhausted with ether, and then 
repeatedly with water, in which the hsemaphem dissolves. To free it from still 
admixed haematin, it is dried, dissolved in boiling alcohol, separated again by evapo- 
ration, then dissolved in cold alcohol, and the alcohol is evaporated. Tho product 
thus obtained is a brown mass difficult to pulverise, soluble with brown-red colour in 
cold alcohol, less soluble in water and in ether. It does not melt when heated, but 
burns with a bright flame, without leaving any ash. The solution in dilute alcohol 
forms brown precipitates with lead, copper, mercurous and silver salts. Sanson 
obtained a body of similar colour to the abovo by treating blood successively with 
alcohol and water. 


HJEMATWOr. C 1# H ,4 0 # , or C ,8 H l# 0 9 . (Erdmann, Ann. Ch. Pharm. xliv. 294.— 
Hesse, ibid. cix. 232.) — A substance produced from hematoxylin by abstraction of 
2 at hydrogen, a change which takes place by the action of oxygen under tho influence 
of alkalis. The best mode of preparing it is to sprinkle about 20 grms. of haematoxyliu 
in a basin with sufficient ammonia to dissolve it, stirring continually, and warming the 
liquid gently as long as the hsematoxylin remains in excess. It must now be exposed 
to the air, and ammonia added from time to time by small quantities, so that the 
liquid may always smell of it, care being however taken not to add too much ammonia, 
as it would cause decomposition. The liquid after a littlo while assumes a dark red 
colour, appearing almost black when viewed in a stratum of moderate depth. It 
then contains heemateate of ammonium, and on being slightly supersaturated with 
acetic acid, deposits haematein in the form of a bulky brown-red mass, like ferrio 
hydrate, which by drying acquires a deep green colour and metallic lustre ; its powder 
in thin layers, exhibits a red colour. 

Haematein dissolves slowly in cold, more readily in boiling water. On quickly 
evaporating a solution prepared at the boiling heat, it becomes covered with qpilUDg 
green scales, which sink to the bottom and are gradually replaced by others* 
times also the solution solidifies in a gelatinous mass, which yields micaceous! 
when suspended in water. Hsematein likewise dissolves in alcohol and ver 
in ether. It dissolves with red-brown colour in the mineral acids, less < 
acid. "Sulphydric acid decolorises it, but does not convert it into Its 
carbonised by heat. 

Hsematein unites readily with bases. Potash dissolves it, forming soil 

which turns brown on exposure to the air. Ammonia dissolves it with! a fine pu 
colour, which likewise turns brown in the air. 

vol. m. b 




2 HAEMATIN. 

The last-mentioned solution contains haemateate of ammonium, which Is like 
wise formed when a solution of hsematoxylin in ammonia is exposed; to the ah 
The salt deposited by gradual evaporation is a dark violet, granular powder, whicl 
when examined by the microscope, appears to be composed of transparent, violet, foui 
sided prisms. It contains, according to Erdmann’s analysis, 56 26 per cent. C, 5’ 17 E 
and 6 72 ’N (mean), whence Gerhardt ( Traite , iv. 303) deduced the formal 
C ,- H ,0 (NH 4 ) 2 O* (67*5 C, 6*4 H, and 8 3 N). Hesse, by leaving the solution to stan 
for two or three days in a cool place, obtained crystals in which he found 51*87 C, 5*7 
H, and 3*55 N (mean), agreeing nearly with the formula C la H 9 (NH 4 )0 s .4H*0, whic 
requires 5T75 C, 5*66 H, and 3*77 N. Haemateate of ammonium dissolves readily i 
water and alcohol. The alcoholic solution is red-brown, but becomes purple on additic 
of water* The salt gives off water and ammonia at 100° C. and must therefore l 
dried over sulphuric acid at ordinary temperatures ; even then it sometimes decompose 
Over sulphuric acid in vacuo, it gives off all its ammonia and leaves haematei 
(Erdmann). According to Hesse, it gives off all its water and ammonia at 130° C 
leaving haematein as a very hygroscopic powder, having a blackish violet colour wit 
green iridescence. 

Haematein thus obtained contains, according to Hesse’s analysis, 67*66 per cen 
carbon, and 3*50 hydrogen, agreeing nearly with the formula C ,6 H I0 0 5 , whjch require 
68*08 C and 3*54 H. Erclmaim found in his haematein 62*66 per cent. C and 4*1 
H (mean), whence he deduced the formula C H0 H w O , °. Gerhardt (TraitS, iv. 80S 
proposed the formula C ia H l2 0®, which, however, does not agree very well with Ere 
mann’s analyses, requiring 64*0 per cent. C and 4 0 H. Hesse suggests that Erdmann 

haematein may be a dibasic acid, jp J O a , and the product, C ,a H ,a O* obtained b 

himself, the corresponding anhydride ; on this supposition, the two ammonium-salt 

C ,fl H ,0 O 4 ) C ,a H ,0 O 4 ) 

above mentioned are, perhaps, ^H 4 ) 2 ( anc * H 

The solution of hsemateate of ammonium forms coloured precipitates with man 
metallic salts : with acetate of lead it produces a deep blue precipitate ; with sulphat 
of copper, violet-blue; with protochloride of tin, violet; with iron-alum , black. Wit 
chloride of barium it forms a dark purple liquid, which becomes brown on exposure t 
the air. It reduces nitrate of silver, but has no action on mercuric chloride. Accore 
ing to Hesse, it forms with chloride of barium , chloride of calcium , and especial! 
with chloride of sodium, precipitates of various colours; no precipitate with hype 
sulphite of sodium; with acid sulphite of ammonium, a gelatinous precipitate, whic 
disappears on boiling. 

BJdMtA.TZir or HJKMCA.TOSnr. The red colouring matter of the blood-coi 
puscles. (See Blood, i. 607.) Lehmann (Compt. rend. xl. 385) first showed that 
may be obtained in the crystalline state. R. Schwarz (Zeitschr. f. die ges. Naturwif 
sench. xi. 225) prepares it in this state by submitting the comminuted clot of ox-blooc 
freed as much as possible from serum, to pressure, and agitating the expressed liqui 
by small portions with a saturated solution of oxalic acid, with addition of alcohol an 
a large quantity of ether. The clear dark brown solution, decanted after a few minute 
and left to stand for some weeks over chloride of calcium, deposit* the haematin i 
small black nodules made up of cubes, which may be freed from admixed oxalate c 
calcium by means of dilute hydrochloric acid. Less distinct crystals may be obtain* 
by leaving the ethereal solution to evaporate freely ; but the quantity is always smal 
A solution of haematin obtained as above from horse-blood, yielded, on standing, sma 
rush-shaped or spindle-shaped crystals, red-brown by transmitted light. Haem&ti 
may be obtained in the amorphous state by distilling off about a third «f the ether frot 
the solution, and mixing the residue with a large quantity of wat qg. The black flock 
thus precipitated are washed with water by decantation ; then boiMjjfedth strong aceti 
acid, to free them from albuminous compounds, as long as the liquqpls rendered turbi 
by ferrocyanide of potassium ; and, lastly, the precipitate is boiled %ith wate!, alcohol 
and ether in succession, and then again treated with water. The crystallised com 

S tand may be subjected to the same treatment without undergoing any alteratior 
eematin thus prepared is tasteless and inodorous, insoluble in water, cold alcohol, an 
ether ; partially (?) soluble in hot alcohol, easily in acidulated alcohol, whence it i 
precipitated by water. The solution in acidulated alcohol is decolorised by peroxid 
Haematin likewise dissolves easily in slightly alkaline liquids, but not i> 

4 sulphuric or hydrochloric acid. Silver, lead, and copper-salts form precipitate 

-%t th ammoniscal solution. Haematin, when burnt, leaves a residue of ferric oxid 
mixed with email quantities of caleic phosphate. 

The following analyses of haematin by Schwarz, give results not differing great! 
from those formerly obtained by Mulder (whence the latter deduced the formul 
G^H^FeN'O*), but agreeing better with the formula C^H^FeJTO*. 


HJEMATINONE— HiEMATOrDIN. 
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Crystallised 
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from horse- 
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blood. 


c» . . . . 

66*35 

64*12 

63*89 

64*03 

65*68 

H” .... 

6*28 

5*31 

5*28 

6* 60 

6*30 

Fe . . . . 

6*73 

6*36 

. 


6*73 

N # . . . . 

10*10 

10*19 

. , 

10*1*7 

10*54 

O* . . . . 

11*54 

11*00 

. 


11*85 

Phosphate of) 


3*02 




calcium { 

* 






TocFoo 

100*00 



100*00 


When an alcoholic solution of ciystallised hsematin is boiled with nitric acid, the 
whole of the nitrogen of the haematin is removed, and a non -azotised acid is formed, 
together with a substance which reduces cupric oxide in alkaline solution, and tor- 
ments with yeast, yielding alcohol and carbonic acid. 

The name ka&matin is sometimes also used as a synonyme of Hematoxylin. 

HJEMATOTONB. A red glass known to the ancients, and used for mosaics, 
ornamental vases, &c. ; it is mentioned by Pliny, and occurs pretty frequently among 
the ruins of Pompeii. Its colour is a fine red, intermediate between red lead and 
vermilion. It is opaque, harder than common glass, takes a fine polish, has a con- 
cho'idal fracture, and a specific gravity oT 3 5. The red colour, which is due to red 
oxide of copper, is completely destroyed by fusion, and cannot bo restored by any addi- 
tion whatever. The fused mass has a greenish black colour, which reducing agents 
merely convert into a muddy brown-red. Haematinone contains no tin, and no colour- 
ing substance except cuprous oxide. „ . 

This antique glass may be exactly imitated by the following process, discovered by 
Pet tenkofer (Dingl. pel. J. cxlv. 122):— 100 pts. of silica, 11 lime, 1 magnesia, 
33 litharge, and 60 carbonate of soda, are fused together, and to the clear white glass 
thus produced are added 25 pts. of scale oxide of copper, somewhat later 2 pts. ot scale 
oxide of iron, and, lastly, a small quantity of charcoal. On leaving the fused L mass to 
cool slowly, a liver-coloured glass is obtained, which, when further heated (for 
hours) till it softens, is converted into haematinone of a splendid rod colour, in conse- 
quence of the separation of a red cuprous compound within its mass. 

A more fusible glass, made by melting together 100 pts. Silica, 10 lime, 0 5 mag- 
nesia, 40 litharge, 60 carbonate of soda, 30 scale oxide of copper, 2 alunnua, and 
3 scale oxide of iron, exhibits, after once slow cooling in the air-furnace, a great 
number of red points, diffused through a yellowish vitreous mass; on cutting and 
polishing this glass, the red points appear as beautiful tufts of needle-shaped cry* 1 * 11 ** 
^When part of the silica in haematinone is replaced by boric anhydride (by adding 
borax to the melted mass), a dark-coloured, dichroitic, crystalline compound is obtained, 
called astralite (i. 429). , . , , 

Pettenkofer is of opinion that the same crystalline cuprous compound (whether pure 
cuprous oxide, or more probably cuprous silicate) which imparts the red colour o 
luematinone, constitutes likewise the crystalline spangles contained m aventurm glass 
(i. 477), which in fact lie has produced by fusing haematinone with a quantity ot iron 
filings, sufl&cient to reduce about half the copper contained in it to the metallic state 
(the metal then settling down in the form of a regulus, and leaving a deep green is h 
black, scarcely transparent glass above), heating this glass for some time to the tempe- 
rature at which it softens, and then leaving it to cool very slowly. ( Jahresb. d. Chem. . 
1061; ix. 798.) 

BJBMATXTB. Native sesquioxide of iron. (See Inos, oxides of.) 

&JEBSATO-CKTSTALLXN. A crystalline substance obtained from blood 
([ 606). It has the composition of the albuminoids, and if quite pure would probabLy 
be colourless, but it has never yet been obtained perfectly free from haematin. 

BXMATO-OLOBUXIN, Syn. with Hemato-cbtstallin. 

amAT O ro nr. A crystalline substance often found in extravasated blood 
(i. 607). It appears to be produced by the decomposition of haematin; butthe na OW 
of the ' transformation has not been exactly made out. According to JTerdeH and 
Dollfus (Compt. rend. xxx. 306), crystals resembling haematoidm may be obtained 
from ox-blood by filtering it after coagulation by heat; eva^rafrng the^faon to 
syrup, and mixing it with alcohol ; strongly concentrating the liqmd filtered i fropi raws 
resufeng precipitate ; and mixing it, wfcen cold, with dilute sulphune 
globules then separate on the surface of the liquid, and sometimes red crystals re 
sembling httmatoTdin. * ^ 



4 UJEMATOSIN - HEMATOXYLIN. 

Robin (Oo« P t S 

hepatic cyst, forming h Valentiner (Jahresb. f. Chem. 1859, p. 666 \ gall-stones, 
red colour. According to Vd ® - th j aun( u ce yield, when treated with chloro- 

*“* a ***~ rf 
and agreeing in all respects with hsematoidm 

HJBMATOBZV. See H^matin. 

BJBMATOXYXiXW, also called Hematin. C l8 H' 4 0 8 . (Chevrenl, Ann. Chim. 
lxxx. 128. — Golfier-Bessey re, Ann. Ch. Phys. P] lx*. 272.--Erdmann, Ann. 
Ch. Pharm. xliv. 292— Leblanc, Traith de Chime de Dumas, Till. 102 ’7“O. Hesse, 
J. pr. Chem. lxxv. 218; Ann. Ch. Pharm. cix. 332.)—A crystalline substance con- 
tained in logwood (J Hamatoxylon Campechianum ), and the source of the colouring 
properties of that well-known dye. In the pare state, however, it has bttleor no 
colour, but is converted into a colouring matter under the influence of alkalis and 


° X ftTs prepared by leaving the commercial extract of logwood—preTiously mixed 
with quartz-sand to prevent agglomeration— in contact with 6 or 6 times its volume 
of ether (not anhydrous) for several days, agitating from time to time; then decanting 
the brownish-yellow solution ; distilling off the ether; mixing the syrupy residue with 
water; and leaving it to itself in a loosely covered vessel. If no water were added, 
the liquid would simply dry up to a gummy mass ; but, if a sufficient quantity of water 
is present, the haematoxylin crystallises in the course of a few days. The crystals are 
washed with water and freed from adhering mother-liquor by pressure between 
filtering paper . The mother-liquor mixed with the wash -water yields another crop of 
crystals by spontaneous evaporation. A kilogramme of logwood treated several times 
with ether yields from 100 to 120 grins, of haematoxylin. (Erdmann.) 

Haematoxylin thus prepared has more or less of a yellow colour, but by recrystal- 
lisation from wafer containing a little sulphite of ammonium, it may be obtained in 
colourless crystals. (Hesse.) 

Haematoxylin forms two kinds of crystals containing respectively 3 and 1 at. water. 
The trihydrated crystals, C ,a H H 0*.3H*0, obtained as above, belong to the dimetric 
system. Ordinary combination ooPco . P, with Poo subordinate. Length of principal 
axis ■» 0*63 (nearly). Angle of the terminal edges of the primitive octohedron, 
P ** 124°. The crystals are transparent, generally very brilliant, and sometimes of 
considerable length. They give off their water (151 per cent.) in vacuo at ordinary 
temperatures. 

The monohydrate, C la H'*0*.H a 0 (containing 6*6 water), is obtained by leaving a 
solution supersaturated at mean temperature to stand for some time, in crystals of 
considerable size, with smooth and sometimes curved faces, and consisting, according 
to a preliminary determination by Naumann, of hemihedral trimetric combinations, 

oP . - . mP oo . The same hydrate is obtained in granular crystals, by pouring a 


solution of hflematoxylin, supersaturated at the boiling heat, into a cold vessel con- 
taining a small quantity of solution of acid sulphite of ammonium. (Hesse.) 

Dehydrated hematoxylin contains, according to Erdmann’s analyses, 63T7 — 63-66 
per cent, carbon, and 4 65 — 4 70 hydrogen, whence Erdmann deduced the formula 
C*W'0 Xi . Gerhard t> however ( Traith, iv. 299), suggested the more probable formula, 
CJK.JJUO* which requires 63 6 per cent. C, 4*5 II, and 31*9 O. 

Hematoxylin dissolves slowly and sparingly in cold water, easily in alcohol and ether 
(Erdmann). It dissolves in a saturated solution of borax more easibathan in pure 
water, forming a neutral or slightly acid liquid, which exhibits a blgpli fluorescence, 
and from which the borax is not precipitated by alcohol. This Boli&tt, mixed with 
hydrochloric, acetic, or sulphuric acid, solidifies to a dense mass, ijHshich granular 
crystals of monohydrated haematoxylin quickly form ; but on addition of solution of 
chloride of sodium, potassium, or ammonium, ferrocyanide of potassiam, or acid sulphite 
of ammonium, it deposits haematoxylin as a white amorphous mass. When add sul- 
phite of ammonium is added by (bops to the same solution, haematoxylin is at first 
deposited in the form of an amorphous gummy precipitate, which re-dissolves on boiling 
the liquid, and reappears on cooling; but on continuing the addition of the acid sulphite 
to the syrupy liquid, a point is at length attained at which the amorphous haematoxylin 
disappears, and crystals of haematoxylin are soon afterwards obtained. When amor- 
phous haematoxylin is dissolved iu boiling water, and a drop of hydrochloric acid added 
tothe solution, crystals of hwmatoxylin, generally the monohydrate, are soon deposited. 
(HesBe.) 

Haematoxylin dissolves abundantly in a warm solution of hyposulphite of sodium, 
forming a purple liquid, which deposits amorphous hflematoxylin on cooling. It d»s- 
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H-S2M1N— HAIR. 

solves vKh K«ae difficulty In solution at chloride ofeodium, more easily in a saturated 
solution of chloride of barium (this solution at first depositing crystals of the trihydrat'e 
which gradually give place to those of the monohydrate), very abundantly in solution 
of ordinary phosphate of sodium , forming a liquid which behaves like the solution of 
hsematoxylin in borax above mentioned, excepting that it exhibits a basic reaction. 
(Hesse.) 

Hematoxylin has a strongly saccharine taste, like that of liquorice, very persistent, 
and without astringence or bitterness. Its solutions turn the plane of polarisation to 
the right. It reduces cupric oxide in an alcoholic solution containing alkali. 

An aqueous solution of haematoxylin is not altered by contact with pure air or oxygen 
gas ; but if the slightest trace of ammonia is present in the air, the liquid acquires a yel- 
lowish red, colour, arising from the formation of heemateate of ammonium; probably thus : 
C la H l4 0® + O + NH* - C‘ a H 9 (NH 4 )0» + 2IPO. 

Hsematoxylin melts in its water of crystallisation when moderately heated, and is 
completely carbonised at higher temperatures. Chlorine converts it into an uncrystal- 
lisable mass: With nitric add it forms oxalic acid. Sulphuric and hydrochloric acids 
have but little action upon it. 

With bases, hsematoxylin forms compounds which, on exposure to the air, are con- 
verted into hsemateatee. Baryta-water, added to a solution of haematoxylin freed from 
air by boiling, forms a white precipitate which soon turns blue if the air has access to 
it. Potash imparts to the solution a violet colour, quickly changing to purple and 
brown. With acetate of lead, neutral or basic, the solution yields a white precipitate, 
which quickly turns blue ; with cupric acetate or sulphate, a greenish grey precipitate, 
which soon becomes dark blue with a coppery lustre. Bichloride of tin forms a rose- 
coloured precipitate, which does not change colour. Iron alum forms, after a while, a 
slight blackish violet precipitate. Common alum colours the solution light red, but 
does not produce a precipitate. Chloride of barium first colours the liquid red, and 
then forms a red precipitate. The solution of haematoxylin quickly reduces nitrate of 
silver and chloride of gold. 

EJEMrnr. A crystallised, intensely red substance, which may be prepared from 
blood in various ways, but is difficult to obtain in the pure state, and has therefore not 
been analysed. The ciystals are obtained immediately ou mixing blood, either fresh 
or boiled, with strong acetic acid. Nc crystals are formed, however, when blood coagu- 
lated by boiling is first washed with water and then treated with acetic acid (Teic li- 
man n, Pfeufer and Henle’s Zeitschr. f. rat. Medicin, iii. 357 ; viii. 141}, According 
to KrauBS (Jahresb. f. Chem. 1861, p. 792), human blood may be distinguished with 
certainty from that of the ox, sheep, pig,- mouse, or poultry, by the characters of the 
hsemin-crystals obtained from it. 

BA.S'BSHPJrOBBXTB. Oligoclase from Hafrefjord, in Iceland. 

BABDXBrOBBXTB. A hydrated arsenate of calcium, 2Ca"HAs0 4 .3H*0, sup- 
posed to be from Baden or Joachimsthal, associated with pharmacolite. Occurs in 
minute crystals belonging to the trimetric system, mostly congregated in botryoi'dal 
forms and drusy crusts. Specific gravity 2 848. Hardness 1*5 to 2 6. Lustre 
vitreous. Colour white. Streak white. Transparent or translucent. Sectile ; their 
laminae slightly flexible. (D ana, ii. 413.) 

Crystals having the form and composition of haidingerite may be produced 
artificially by digesting carbonate of calcium at ordinary temperatures with excess of 
aqueous arsenic acid. (Debray, Ann. Oh. Phys. [3] lxi. 419.) 

BAXXt* Hair consists of a cylindrical tube clothed with minute scales, having 
their points directed towards the free extremity. The tube is filled with an oil, which 
gives the colour to the hair ; in white hair this oil is colourless. 

In the normal state hair is insensible, strongly electric, and a bad conductor of 
heat. In contact with the air, it swells and absorbs moisture, but does not putrefy. 
Chlorine first bleaches and then converts it into a resinous matter resembling 
turpentine. 

Hair is insoluble in water. Heated with water in a sealed tube, it is decomposed, 
with liberation of sulphydric acid, A similar decomposition takes place with aqueous 
potash.’ Nitric acid turns it yellow, forming oxalic acid, sulphuric acid, and a 
peculiar bitter substance. Hydrochloric and sulphuric acids dissolve it, forming rose- 
coloured solutions. Alkalis dissolve it. Many salts and metallic oxides, and likewise 
certain organic substances, change the colour of red or white hair to black. A solution 
of nitrate of silver in ether, or the same salt mixed with lard, oil, slaked lime, or 
pyrogallic acid is commonly used for blackening hair. 

Hair, when heated, becomes hard, swells and emits an odour of burnt horn, and in 
the open air, takes fire, burns vitks bright flame, and leaves a residue of charcoal. 
By dry distillation it yields oily ana ammoniacal products. 
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HAIR-SALT — HABDNESS. 

According to Von Laer, human hair contains 49*8 per cent, carbon, 6*4 hydrogen, 
lf'1 nitrogen, 6*0 sulphur, and 26 ‘7 oxygen. It leaves by calcination from 0*32 to 
1*86 per cent, of ash, consisting of 0*17 to 0-93 soluble matter, 0*658 to 0*390 oxide 
of iron, and 0*000 to 0*528 earthy salts. (Pelouze et Fr6my, Traiti, vi. 244.) 

BAXS-BALT. A term applied to native sulphate of aluminium, AP(S0 4 )*.91f*0, 
and to iron-alum, Al"'Fe (SO l ) 2 .12H 2 O f these salts sometimes occurring in delicate 
fibrous masses. (See Alum and Sulphates. ) 

BALLXTXL Basic sulphate of aluminium, 2(A1*0* S0 8 ).3H’0. (Syn. with 
Websteritb.) 

BALLOTSXTfl or wa llottb. A hydrated silicate of aluminium contain- 
ing a larger proportion of water than ordinary clay, which it otherwise resembles. 
After drying in the air at ordinary temperatures, it retains nearly 2H?0, but by 
drying in the kiln, the proportion of water is reduced to nearly that of common clay, viz. 
Al a O*.SiO* + IPO. It occurs in white, soft, smooth masses, with eoncho'idal waxy 
fracture, adhering to the tongue, opaque or translucent at the edges only. When 
immersed in water, it does not fall to pieces but becomes more translucent. It is 
readily decomposed by sulphuric acid. The following are analyses : — 




Berthier. 


Bousslngault. 


a 1. 

a 2. 61. 

b S. 

c 1. 

C 2. 

Alumina • 

35*49 

32*4 39*06 

34*0 . 

. 39*4 

35 

Silica . 

47*75 

43*6 44*94 

39*5 . 

. 44*9 

40 

Water . 

16*76 

23*0 16*00 

26 *6 . 

. 15*7 

25 


100*00 

99*0 100*00 

100*0 

100*0 

100 



Oswald. 

Dufr&noy. 




d. 

e. 

/ 


Alumina 

, 

. 35 00 . 

. 33*66 

32*45 


Silica 

. , 

. 40*25 . 

. 40*66 

43*10 


Water , 

, , 

. 24*25 . 

. 24*83 

22*30 


Magnesia . 

, 

. 0*25 . ' . 

, 

1*70 




99*76 

99*15 

99*55 



a, from Housscha, near Bayonne ; (1) kiln-dried ; (2) air-driod ; — 5, from Anglena, 
near Li6ge; (1) kiln-dried; (2) air- dried ; — c, from Guateque, in New Granada; 
(1) dried at 100° C. ; (2) air-dried ; this specimen contained a trace of Bal-ammoniac ; 
— -d, from Upper Silesia, containing a trace of manganese ; — e. from La Vouth ; — from 
Thiviers. (Gm. iii. 417.) 

BA&OOSB. The electro-negative radicle of a haloid-salt. 

BAKOXp BALTBt Berzelius applied this term to salts consisting of a metal 
united with an electro-negative radicle, viz. chlorides , bromides , iodides , cyanides , &c., 
designating by the term, Amphid-salts, those which were supposed to result from 
the union of two binaiy compounds containing a common element, viz. the oxygen- 
salts, sulphur- sal ts, selenium-salts, and tellurium-salts. The distinction between these 
two classes of salts is no longer retained, but the term haloid is still occasionally 
applied to the chlorides, bromides, iodides, fluorides, and cyanides. 

BALOTlUOBXIfE* A silky iron-alum, from the Solfatara, near Naples. (See 
Sulphates). 

BALOTRZOHXTH. A name applied sometimes to native iron-alum, sometimes 
to native hydrated sulphate of aluminium. (See Sulphates.) m 

BAMATHIOBIC ACID, An acid produced by the action of Jfcjfihuric acid 
on euxanthic acid. Its composition has not been exactly determined*®^© barium- 
Ralt contains 31*4 per cent baryta; the lead-salt 61*6 to 62*4 oxide STlead. (See 
Euxanthic Acid, ii. 610.) N 

BAMV88XBITS. (See Steatite.) 

BABDBB88 OT MXBBXAIB. A harder body is distinguished from a softer, 
cither by attempting to scratch one with the other, or by trying each with a file. To 
give A definite character to the results thus obtained, Mohs introduced a scale of 
hardness, consisting of ten minerals, gradually increasing in hardness from 1 to 10, vk»; 

1* Talc : common laminated, light-green variety. 

2. Gypsum : a crystallised variety. 

3. Cafaspar ,* transparent variety. 

4. Fluor-spar : crystalline variety, 

6. Apatite : transparent variety;; 
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5*5 Scapolite : crystalline variety. 

6. Felspar : (orthoclase); white cleavable variety. 

7. Quartz: transparent 

8. Topaz: transparent. 

9. Sapphire : cleavable varieties. 

10. Diamond. 

The hardness of any given mineral may be determined by attempting to scratch it 
with some of the above minerals, or by trying to scratch a smooth surface of the suc- 
cessive members of the scale with a sharp corner of the substance to be examined ; 
thus, if it scratches fluor-spar and is scratched by apatite, the hardness is between 
4 and 5. 

Or again, the relative hardness of a mineral may be determined by abrading one of 
its edges with a file. If the file abrades the mineral under trial with the same ease as 
fluor-spar, and produces an equal depth of abrasion with the same force, the hardness 
is said to be 4. If the mineral is abraded more easily than fluor-spar, but less easily 
than apatite, the hardness may be 4 25 or 4 *5. In making these comparative trials, 
care must be takeu to apply the file to edges of equal obtuseness. That part also 
of the specimen should be selected which lias not been altered by exposure, and has 
the highest degree of transparency and compactness of structure. The pressure for 
determination should be rather heavy, and the file should be passed three or four times 
over the specimen. 

Certain varieties of some minerals give a low degree of hardness under the file, 
owing either to impurities or imperfect aggregations of particles, whilst they scratch 
a harder species, showing that the particles are hard, but loosely aggregated ; this, 
peculiarity is exhibited by certain varieties of chiastolite, spinel, and sapphire. 

Many minerals— kyanite and mica, for example — present different degrees of hard- 
ness on dissimilar faces. This inequality, like difference of colour, lustre, &c., in 
the faces, is confined to those primary forms which are developed upon unlike axes. 
(Dana, i. 180.) 

BASMAIA, ALKALOIDS OF. (Gerh. iv. 9. — Ilandw. d. Chem. iii. 769.) — 
The seeds of the Peganum Harmala , a plant growing abundantly on the steppes of 
Southern Russia, especially in the Crimea, contain two organic bases called barma- 
line and harmine, probably in the form of phosphates; they are found in the seed- 
coating, not in the kernel. To obtain these alkaloids, the pulverised seeds arc exhausted 
in a percolating apparatus with water acidulated with acetic or sulphuric acid; and 
the brownish yellow extract, which contains the bases in the form of acetates, together 
with earthy phosphates, colouring matter, &c\, is mixed with a solution of common 
salt, whereupon the hydrochlorates of the alkaloids, which arc insoluble in that liquid, 
are precipitated together with colouring matter. Nitrate of sodium may also be used 
instead of the chloride, provided care be taken that the extract of the seeds does not 
contain free sulphuric acid, as the nitric acid which would then be liberated might 
decompose the alkaloids. The precipitate is collected on a filter, and washed with 
brine until the whole of the mother-liquor is removed; then dissolved on the flltei 
with cold water, which leaves part of the colouring matter undissolved. The solution, 
treated with animal charcoal, and then at a temperature of 50° to 60° C. with am- 
monia added by small portions, yields the alkaloids in the pure state, nearly the whole 
of the harmine being thrown down before the harmaline begins to separate. As soon 
as the latter body makes its appearance, — which may be known by examining the 
precipitate from time to time with the microscope, harmine crystallising in needles, 
while harmaline forms leafy scales,— the solution must be filtered hot, and the harma- 
line precipitated from it by ammonia. 

The seeds contain about 4 per cent, of alkaloids, of which one-third consists of 
harmine, and two-thirds of harmaline. 

H AK1BALA KZD. The seeds of harmala contain also a red colouring matter, 
which may be extracted by digesting them with alcohol for 8 — 14 days. It is insoluble 
in water, easily soluble in ether, and dissolves in all proportions in absolute alcohol. 

It unites with acids, forming red salts, and dyes wool or silk mordanted with acetate or 
sulphate of alumina, from the lightest rose-colour to the deepest scarlet. The colours 
do not, however, appear to be very fast.* (Gm. xvi. 119.) 

HAKMAU K1L C ,f H l4 N*0.— Discovered by Gobel in 1837 (Ann. Ch. Pharm. 
xxxviiL 363); afterwards more minutely examined by Fritzsche {ibid. Ixiv. 360; . 
lxviii, 351, 355; lxxii. 306; lxxxviii. 327). It is colourless when pure; if it has a 
yellowish or brownish tint, it may be purified by suspending it in water, adding acetic 
acid in sufficient quantity to dissolve it, filtering to separate colouring matter, then 
precipitating with chloride or nitrate of sodium, or hydrochloric acid, washing the pre- 
cipitate on a filter with a dilute solution of the reagent employed, dissolving it in tepid 
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water, treating the solution with animal charcoal till it exhibits a light yellow colour, 
and precipitating by caustic potash. . . 

Harm aline crystallised from alcohol forms octahedrons belonging to the tnmetnc 
system, modified by the faces col 3 c© , oof*ao, and Pco. Ratio of the vertical to the 
horizontal axes, 1 : 1804 : 1*415. Angles of the terminal edges in P = 116° 34' and 
131° 18'; of the lateral edges in the same = 83° 54'. It is sparingly soluble in water 
and ether, moderately soluble in cold alcohol, and very freely in boiling alcohol. It 
has a faint bitter taste ; and colours the saliva yellow. 

Harmaline, when heated, melts, gives off white vapours and becomes carbonised. 
Heated in a tube, it yields a white mealy sublimate. Oxidising agents, under certain 
circumstances, convert it into a red colouring matter, insoluble in water, soluble in 
alcohol. By some oxidising agents, however, harmaline is converted into harm in e by 
loss of 2 at. of hydrogen ; this change takes place when the acid chromate of harmaline 
is heated to 120° C., or when harmaline is heated with hydrochloric acid and alcohol, 
to which a little nitric acid is added. When nitrate of harmaline is heated with alco- 
holic hydrochloric acid, the harmaline is converted into harmine. Harmaline, boiled 
with excess of nitric acid , yields, first, nitroharmaline, then, by longer boiling, n i t r o- 
harmine: with boiling nitromuriatic acid, it forms chloronitroharnTine. 

The salts of harmaline are yellow, have a bitter taste, and are for the most part 
easily soluble and crystallisable. 

The acetate is obtained by spontaneous evaporation of a solution of harmaline in 
acetic acid, in the form of a syrup which becomes crystalline after a while. A solution 
of the acetate, mixed with acid carbonate of potassium, yields acid carbonate of karma- 
line , in the form of a precipitate composed of fine needles. The neutral alkaline carbo- 
nates either form no precipitate with the salts ©f harmaline, or merely throw down the 
base. 

The neutral chromate is a sparingly soluble, yellow, crystalline salt, which may be 
obtained by adding acetate of hurm aline drop by drop to a solution of neutral chromate 
of potassium, saturated in the cold, filtering from the precipitate of harmaline first 
produced, and adding more acetate of harmaline to the filtrate. The acid chromate , 
2C l, H' 4 N 2 0.II 2 0.2Cr0*, is produced by adding acid chromate of potassium to a dilute 
solution of harmaline, and separates immediately in oily drops, which, after a while, 
become crystalline. When heated to 120° C., it is rapidly decomposed, yielding a sub- 
limate of harmine and leaving a dark-coloured residue containing chromium. 

The hydrochlorate , C 18 H l4 N 2 O.HC1.2IIX), forms long prismatic needles containing 
12 3 per cent, water of crystallisation. It is moderately soluble in water and in alcohol. 
The chloroplatinate , 2(C u H ,4 N 2 O.HCl).PtCl 4 , is a yellow precipitate. 

The hydrocyanate forms a peculiar alkali. The hydroferrocyanate is a brick-red 
crystalline powder ; tho hydroferricyanate forms long dark green prisms. The sulpho- 
cyanatc forms silky needles, sparingly soluble in cold, more soluble in boiling water. 

Nitrate of harmaline , obtained by precipitating the acetate with dilute nitric acid or 
nitrate of ammonium, forms needles sparingly soluble in pure water, and almost inso- 
luble in water containing nitric acid. 

Oxalates. — When aqueous oxalic acid is boiled with excess of harmaline, crystals of 
the neutral salt separate on cooling ; and oxalic acid, added to the solution of these 
crystals, precipitates the acid oxalate of harmaline. 

Sulphates. — By digesting dilute sulphuric acid with excess of harmaline, and evapo- 
rating the filtrate, the neutral sulphate is obtained as % yellow resin, which, when, left 
over oil of vitriol, changes to a radio-crystalline mass. 

Sulphite.-— 'Fhe solution of harmaline in aqueous sulphuric acid dries up to a yellow 
resin, exhibiting no traces of crystallisation. .„Y 

Sidphydrate.— By mixing concentrated solutions of sulphydrate djjMnmonium and 
acetate of harmaline, slender prisms are obtained which quickly deccfiiose on exposure 
to the air, after separation of the mother-liquor. 

Bydrooyaxk-harmallne, C M H 15 N s O = C l, H M N a O.HCy, is a base containing the 
elements of harmaline and hydrocyanic acid. It is obtained by dissolving harmaline 
in dilute boiling hydrocyanic acid and filtering hot, being then deposited in crystals 
on cooling ; or by pouring a solution of cyanide of potassium into a solution of a salt 
of harmaline, or caustic potash into a solution of a salt of harmaline previously 
mixed with hydrocyanic acid. From aqueous solutions it is deposited in amorphous 
flocks, which give off hydrocyanic acid when dried in the air; the decomposition may, 
however, be prevented by dissolving the powder, while yet moist, in hot alcohol. If it 
still' contains harmaline, it may be purified by suspending it in water and adding 
acetic acid, which readily dissolves the harmaline, but exerts little or no action on the 
hydrocyan-harmaline. 

Tfois base, when pure, forms thin rhomboidal tables, which, when dry, undergo no 
alteration by exposure to the air, or in vacuo, or even at 100° C. At a higher tem- 
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per&tore, or when boiled with water or alcohol, it is resolved into harmaline hydro- 
cyanic acid. Suspended in water and boiled with a large excess of nitric acid, it ie 
decomposed, giving off red vapours, and yielding a purple solution which deposits non- 
ciystalline grains of a fine red colour, changed to green by ammonia. Hydrocyan- 
harm aline, heated with hydrochloric acid and chloride of potassium, yields a resinous 
• product. 

The salts of hy drocyan-harmaline are even less stable than those of har- 
maline. The base does not appear to ^combine with all acids. The hydrochlorafcs, 
C^H'WO.CyH.HCl, is a crystalline poVder composed of small octahedrons with a 
rhombic base and secondary faces, whereas hydrochlorate of harmaline, when examined 
by the microscope, appears like an aggregation of long yellow prisms. The nitrate and 
sulphate are also crystalline. 

Kltrobarmallne. C IS H ,r N T, 0* = C"H'*(N0 3 )N 2 0. Chrysoharmine .— This body, 
which is derived from harmaline by the substitution of 1 at. nitryl, NO 1 , for 1 at. 
hydrogen, may be prepared: — 1. By suspending 1 pt. of harmaline in 6 or 8 pts. of 
alcohol of 80 per cent., adding 2 pts. of strong Bulphuric acid, and, when the solution 
is complete, 2 pts. of moderately concentrated nitric acid ; heating the mixture on the 
water-bath ; and as soon as the reaction, which is very brisk, is over, cooling it quickly 
to prevent secondary decompositions. The liquid then deposits sulphate of nitrohar- 
maline, which is to be washed with alcohol containing sulphuric acid, then dissolved 
in warm water, and precipitated by dilute potash or ammonia. If the nitrohormaline 
thus precipitated contains harmine or undecomposed harmaline, it may be freed there- 
from by means of sulphurous acid, which forms a sparingly soluble salt with nitro- 
harmalme, but very soluble salts with the other two bases. — 2. By a process exactly 
similar to that which will be hereafter described for the preparation of nitroharmine, 
excepting that the nitric acid used must be weaker, viz. of specific gravity 1*12 instead 
of 1*40. 

Nitroharmaline, precipitated from its salts by an alkali, is an orange-coloured powder 
composed of microscopic prisms ; larger crystals are deposited from the alcoholic solu- 
tion. It is but sparingly soluble in cold water, to which, however, it imparts a yellow 
colour; boiling water dissolves it much more freely. It is more soluble in alcohol than 
harmine or harmaline ; sparingly soluble in cold ether, more soluble in hot ether. It 
dissolves in oils, both fixed and volatile; also in hot rock-oil. It melts at 120° O. 

Heated with ammoniacal salts it decomposes them, expelling the ammonia. Nitric 
acid converts it into nitroharmine. 

The salts of nitroharmaline are yellow. The hydrochlorate , C ,# H ,# (NO f ) 
N-O.IJC1, crystallises in small prisms ; its solution, mixed with tetrachloride of platinum, 
yields the chloroplatinate , 2(C 1, H ,, (NO a )N 2 O.HCi}.PtCl 4 , as a yellow precipitate, which 
ultimately assumes the form of minute prisms. 

The nitrate crystallises in yellow needles, rather sparingly soluble in water, espe- 
cially if it contains a little nitric acid. A perfectly neutral solution of this salt, mixed 
with ammoniacal nitrate of silver, yields a yellowish red flocculent precipitate, consist- 
ing of argento-nitroharmaline, C , HI ,i Ag(N0 2 )N v O.H 2 0. 

A compound of nitroharmaline with nitrate of silver is obtained in light yellow 
crystalline flakes on mixing an alcoholic solution of nitroharmaline with nitrate of 
silver. 

The neutral sulphate is obtained as a crystalline precipitate on saturating a solution 
of the acetate with Bulphate of ammonium. The acid sulphate, C J *H , *(N0 2 )N*0.H , S0\ 
is produced by dissolving the base in excess of sulphuric acid, mixed with alcohol, or 
by dissolving it in strong sulphuric acid, and pouring the solution, drop by drop, into 
cold water. It is a pale yellow crystalline powder, nearly insoluble in cold water. 

The sulphite is very little soluble in cold water, especially if acidulated with sulphu- 
rous acid. 

The acetate is soluble ; the oxalate crystailisable. The hydrof errocyanatc iH a yellow 
crystalline precipitate. The hydroferricyanate separates in oiiy drops, which solidify, 
after a while, to a crystalline powder. The stuphocyanate forms sparingly soluble 
microscopic needles. 

Rydrocyano-nitroharmaline , C ,s H ,, (N0 3 )N 5 0 CyH f is obtained by dissolving 
nitroharmaline in a hot alcoholic solution of hydrocyanic acid; also, by leaving a con- 
centrated eolation of acetate of nitroharmaline, mixed with hydrocyanic acid, to evapo- 
rate ; or by adding ammonia to a salt of nitroharmalfne containing hydrocyanic acid. 
It forms slender yellow needles, which give off the odour of ammonia when moist, but 
are permanent when dry. By boiling with water, it is resolved into nitroharmaline 
and hydrocyanic acid Decomposed also by strong ammonia or potash. It dissolves 
in strong sulphuric acid, and the solution, poured into a small quantity of water, yields 
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trmsv C"H l2 N 2 0. (Fritzs c h e, loe. cit., p. 7.) — This alkali, which con- 
tains 2atB less than harmaline, may be obtained either directly from the seeds of 

Pea anum harmala, in the manner already described, or as a product of the oxidation 
ofCZZ Acid chromate of harmaline, heated to 120 ° C decompose* suddenly 
with evolution of heat, and produces harmine, part of which volatilises and condenses 
on the sides of the vesseL A better process is to heat harmaline with a mixture Of 
equal parts of hydrochloric acid and alcohol, to which a little nitnc acid is added. Ihe 
conversion of the harmaline is complete soon after the liquid begins to boil, and on 
cooling, hydrochlorate of harmaline is abundantly deposited in slender needles. The so- 
lution of this salt, decomposed by ammonia, yields the base. 

Harmine forms rhomboidal prisms of 124° 18', and 55° 42', nearly insoluble m water, 
very sparingly soluble, at ordinary temperatures, in alcohol and in ether. It is a 
weaker base than harmaline ; nevertheless it expels ammonia from its salts at the 
boiling heat. 

The salts of harmine are colourless, and mostly ciystallme ; their solutions 
have a yellow tint when concentrated, bluish when dilute. Alkalis and alkaline car- 
bonates decompose them, precipitating the base. 

The acid chromate, , 2C 1> H ,2 N'0.H*0.2Cr 2 0 3 , is always formed on mixing an acid 
solution of harmaline with a soluble chromate. It is decomposed by heat, yielding a 
peculiar base. 

The hydrochlorate , C 5, H 5 *N J 0.HC1, forms needles containing 12-38 per cent, water, 
which they give off at 100® C. From alcohol, the salt is deposited in the anhydrous 
state. The chloroplatinate , 2(C ,8 H ,2 N 2 O.HCl).PtCl\ is a flocculent precipitate, becoming 
crystalline when heated. The chloromercurate is deposited as a curdy precipitate from 
cold solutions, and crystalline from hot solutions. The hy dr obr ornate and hydriodate 
resemble the hydrochlorate. 

The hydrofcrrocyanatc and hydrofcrricyanate are obtained as yellow precipitates. 

The nitrate forms yellow needles, sparingly soluble in cold water, still less in water 
acidulated with nitric acid. 

The neutral oxalate is a crystalline precipitate. The acid oxalate , C 13 H l2 N 2 O.C 2 H 2 0\ 
H*0 forms radiating needles, containing 5 67 per cent, water, which they give off at 
100° C. 

The neutral sulphate , 2C ,3 H ,2 N 2 0.ir j S0'.2II 2 0, obtained by dissolving an excess of 
harmine in dilute sulphuric acid and evaporating, forms concentrically grouped needles 
containing 6'67 per cent, of water. The acid sulphate , C l3 H ,z N*0.IPS0 4 , obtained by 
adding excess or sulphuric acid to a solution of harmaline in boiling alcohol, forms 
crystals similar in form, but anhydrous. 

The Bidphocyanatc is obtained by precipitation in yellow needles. 


Substitution-derivatives of Harmine. 

3>lolUortiarmlne. C ,3 H ,0 C1 2 N 2 0. (Fritz sc he, Petersb. Acad. Bull. v. 12.) — Pro- 
duced by the action of hypochlorous acid on harmine. To prepare it, a very dilute 
solution (containing 1^ to 2 per cent.) of hydrochlorate of harmine is heated to boiling; 
10 to 15 per cent, of strong hydrochloric acid is then added to it, and afterwards, the 
solution being still kept boiling, chlorate cf potassium is thrown in, by small quantities 
at a time, until the brownish red colour which the liquid assumes at first, is changed 
to puro yellow. The ebullition is maintained a little while longer, so as to destroy a 
coloured product ; the solution is then allowed to cool ; and the crystals of dichlor- 
hannine which separate are washed with dilute hydrochloric acid, or with solution of 
chloride of sodium, and purified by crystallisation from alcohol, or re-solution in water 
and precipitation by hydrochloric or nitric acid. On redissolving the lnpdiochlorate of 
diehlorharmine in a largo quantity of hot water, and boiling it for se ppp i hours with 
a great excess of soda-loy, crystals of diehlorharmine are depositedjjfrueh must be 
recrystallised from alcohol. 

Diehlorharmine forms soft white needles, insoluble in cold, very slightly soluble in 
boiling water. It dissolves in alcohol, ether, benzene , and sulphide of carbon , much 
more easily when heated than in the cold. 

Diehlorharmine forms a compound with iodine , corresponding to di-iodide of nitro- 
harmino (p. 11), and containing 46 45 per cent, iodine. 

With acids it forms crystalli’sable salts, which, like those of harmine, are very diffi- 
cultly soluble in water containing acids or salts. The mono-acid (neutral) salt* are 
decomposed to a certain extent, with separation of diehlorharmine, when a large 
quantity of water is poured upon them. Ammonia throws down diehlorharmine from 
their solutions, as an amorphous, colourless jelly; solution of soda acts in the same 
way, but in this case the preepitate becomes crystalline when long boiled with a great 
excess of Soda solution. Diehlorharmine displaces a trace of ammonia from a boiling 
solution of sal-ammoniac ; part of the dissolved diehlorharmine separates out on coolings 
but the rest only on addition of ammonia to tho filtrate. 
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Hydrochlorate of Dichlorharmine is obtained by dissolving the base in water con- 
taining hydrochloric acid, and precipitating by excess of hydrochloric add. It 
crystallises from water in needles, from alcohol in larger crystals; chloride of sodium 
separates it from its solution in the form of a jelly which turns to needle-shaped 
crystals. It contains 2 at. water, which it gives off at 100° C., but reabsorbs 1 at if 
exposed to moist air. When heated much above 100°, it becomes yellow and loses 
hydrochloric acid ; between 180° and 200° it melts to a brown -yellow liquid, which 
dissolves in water and contains a newly formed base. 

The nitrate is precipitated as a jelly, which afterwards changes to crystalline needles, 
by addition of excess of nitric acid to a solution of dichlorharmine in water containing 
nitric acid. It is anhydrous and less soluble in water than the hydrochlorate. When 
melted it gives off acid vapours and yields a brown mass, from the solution of which in 
aqueous alkalis acids throw down brown flocks. 

Nitrate of dichlorharmine precipitates from oxide of argentammonium, a pale 
greenish jelly, containing silver. When hydrochlorate of dichlorharmine is mixed 
with nitrate of silver, a jelly is precipitated, without formation of chloride of silver, 
but, on adding nitric acid to the jelly, chloride of silver is formed. 

STltroltarmine. C 18 H n (N0 2 )N' i 0. Nitroharmidinr. (Fri tzsch e, Petersb. Acad. 
Bull. xii. 33, 225 ; Ann. Ch. Pharm. lxviii. 328 ; xcii. 330.)— Produced by the action 
of nitric acid on harmaline or nitroharmaline. It does not appear to be formed by the 
action of nitric acid on harmine. To preparo it, 1 pt. of harmaline is dissolved in 2 
pts. of water, and the requisite quantity of acetic acid, and to the solution 12 pts. of 
nitric acid of specific gravity T40 are added in a thin stream. A violent evolution of 
red vapours takes place ; and if the liquid bo kept in a state of ebullition till the action 
is over, then cooled quickly, and treated with excess of caustic alkali, nitrohanmne is 
deposited in the form of a deep yellow precipitate, while a resinous matter, formed at 
the same time, remains in solution. The product is purified by converting it into a hy- 
drochlorate, and decomposing that salt with ammonia. Nitrohannino forms yellow 
needles, tasteless, sparingly soluble in cold, more soluble in boiling water. From 
boiling alcohol it separates in deep yellow octahedrons, which soon change into needles. 
Ether dissolves it but sparingly. It dissolves in rock-oil and in coal-tar naphtha Heated 
with a solution of sal-ammoniac, it slowly eliminates ammonia. It unites with iodine, but 


is decomposed by chlorine and bromine. 

The salts of nitroharmine have a slightly bitter taste, and mostly crystallise 
in yellow needles. The hydrochlorate , C’ 3 1F»(N0 2 )N*0.HC1 + 2IPO, obtained by 
adding hydrochloric acid in excess to a solution of the base in acetic acid, or in hot 
water acidulated with a few drops of hydrochloric acid, crystallises in slender needles, 
which may bo purified by recrystallisation from boiling alcohol. The chloroplatinate 
is soluble and crystallises in needles. 

The neutral nitrate is but sparingly soluble ill water, still less in dilute nitric acid : 
hence nitric acid gradually precipitates nitroharmine from tho^ solutions of its other 
salts. It crystallises in yellow needles, which, if left in the acid liquor, gradually 
change to granular and rhomboidal crystals of a deeper yellow colour. There appears 
also to be a basic nitrate , somewhat more soluble in water. 

The hydrocyanate does not appear to exist by itself, but a double compound or 
hydrocyanate of nitroharmine and mercuric cyanide is deposited in granular crystals 
when cyanide of mercuiy is added to a boiling solution of acetate of nitroharmine 
and the liquid left to cooL . _ . . . 

The hydroferroeyanate and hydrofcrricyanate are obtained by precipitation, the 
former in brown microscopic prisms, the latter in yellow grains. The sulphocyanate 
forms nearly colourless needles, sparingly soluble in cold, more soluble in hot water. 

Di-iodide of Nitroharmine, C 18 H"(N0 2 )N 2 0.I 2 , separates in yellowish brown 
agglomerated microscopic needles, on mixing the boiling solutions of iodine and nitro- 
harmine in alcohol or coal-tar naphtha. It is nearly insoluble at ordinary temperatures 
in water, alcohol, ether, and coal-tar naphtha; slightly soluble at higher temperatures. 
It may be heated to 100° C. without decomposition. It is resolved into iodine and 
nitroharmine by boiling with alcohol, and more quickly with dilute sulphuric acid. It 
appears to form a crystalline salt with hydrochloric acid. It dissolves also in acetic and 
hydrocyanic acids, and these solutions yield crystalline compounds. 

Bbomokitrohabiowb. C I8 H>*BrN*0* - C'*H”Br(NO’)N*0. Bromonitroharmidine.-- 
When bromine-water is added to a very dilute solution of a salt of nitroharmine, tfto 
smell of bromine disappears immediately, and on addition of ammonia, bromomtro- 
harmine is precipitated and may be purified by recrystallisation from alcohol. It re- 
Bcmbles chloronitroharmine, forms salts with acids, and unites with bromine aud iodine. 

The dibromide , C 1 , H w BrN*0*. Br s , is formed on adding bromine-water in moderate 
excess to a solution of bromonitroharmine in weak alcohol, and separates on cooling 
and stirring the liquid, in yellow microscopic needles. 
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n rj ,a H ,0 ClN s O* « C 1 *H ,0 C1(£T 0 J )N S 0. CMoronitroharmidine. 

(F^"e^Tcad &ill xii; 225 ; Ann. cif Pharn,. zcii. 3 30).-Produced 
by the action of chlorine on nitroharmine, or of nitromuriatic acid on harmalina. 

7 Juration.- 1. When chlorine-water ie added to aqueous hydrochlorate or acetate 
of nitroharmine, or chlorine gas is passed into the solution till the smell of chorine 
becomes permanent, chloronitroharmine separates in the form of a jelly. If the 
action of the chlorine be too long continued, a yellow resm is produced. The mixture 
Cheated to boiling, and the resulting solution is precipitated bv the cautious addition 
Of ammonia, drop by drop, with constant stirring;. A more or less crystalline product 
£ thus obtained, whereas! from cold solutions, a jelly is precipitated, which is difficult 
to wash. — 2. A solution of 1 pt. hnrmaline in 2 pts. water and the requisite quantity 
of acetic acid, is poured into 12 pts. of boiling nitnc acid of specific gravity WO, and 
2 pts of faming hydrochloric acid are added to the mixture; or the harmahne solution 
ii poured into the boiling mixture of the two acids. The liquid becomes red-brown , 
froths up strongly, and evolves a volatile substance which attacks the eyes, but 
deposits nothing but resin on cooling. In order to separate the dissolved chloronitro- 
harmine, a solution of sal-amraoniac, cooled by placing lumps of ice in it, is poured 
into the liquid ; this is diluted with about an equal bulk of water ; and caustic soda is 
then added, until it smells strongly of ammonia, whereby an abundant precipitate of 
impure chloronitroharmine is thrown down. The product is washed with dilute 
hydrochloric acid and heated with water ; the solution freed by filtration from undis- 
solved resin, and precipitated by gradual addition of ammonia; and the precipitate 
purified by crystallisation from not alcohol. The crude chloronitroharmine may also 
be dissolved in boiling water, with addition of just the necessary quantity of nitric 
acid, and precipitated as nitrate from thp cooled filtrate by addition of nitric acid in 
excess ; this salt, after being washed, may be dissolved in hot water, and pure chloro- 
nitroharmine precipitated from the boiling filtered solution by means of caustic ammonia. 

Chloronitronarmine forms a bright yellow, brittle mass, composed of very fine 
needles, which cannot be distinctly perceived, even under a magnifying power of 300. 
Ammonia precipitates it from cold solution^, as an almost transparent, deep yellow, very 
bulky jelly, which shrinks very much on drying. It is tasteless in the solid state, 
slightly bitter and rough in solution. It gives off 114 per cent, water at 100° C. 

(2 at — 10*98 per cent.), and becomes orange-yellow. It dissolves but slightly in 
cold water; more abundantly in boiling water, forming a yellow solution; with 
moderate facility in boiling alcohol ; slightly in ether ; abundantly in boiling coal-tar 
naphtha, and in rock-oil. 

Chloronitroharmine dried at 100° C. leaves a reddish-yellow residue when 
alcohol or coal-tar naphtha is poured upon it, but dissolves completely when boiled 
with dilute nitric acid. — Solution of iodine converts it into di-iodide of chloronitro- 
harmine. When mixed with solution of iodide of potassium, and then with nitric 
acid, it deposits a deep blue precipitate. 

Chloronitroharmine unites with acids, forming yellow salts. When boiled with 
solution of sal-ammoniac, it slowly displaces a trace of ammonia. 

The hydrochlorate , obtained by adding hydrochloric acid in excess to a solution of 
the base in hot alcohol, forms fine capillary crystals moderately soluble in water. It 
is precipitated from its aqueous solution by a large excess of hydrochloric acid, as a 
yellow jelly ; by chloride of sodium in white flocks. On mixing the hot alcoholic 
solutions of thiB salt and tetrachloride of platinum, chloroplatinalc of chloronitro- 
harmine, 2(C ,, H ,0 ClN*O , .HCl)PtCl\ is deposited on cooling in fine yellow prisma. 

The nitrate forms stellate groups of slender needles. A perfectly neutral solution 
of this Balt mixed with ammonio-nitrate of silver, yields a precipitate consisting of a 
compound of chloronitroharmine with nitrate of silver. jLfr - 

Sulphates. — A solution of chloronitroharmine in warm alcohol conjpriing sulphuric 
acid deposits the neutral sulphate on cooling, in spherical groups of fSpillary needles. 
From a hot aqueous solution the salt is deposited in light yellow “gelatinous flocks. 
The acid sulphate separates slowly in noodles from a hot concentrated alcoholic 
solution of the neutral salt mixed with excess of sulphuric acid. 

Di- iodide of Chloronitroharmine, C I *H , *C1N*0\I\ separates in slender 
needles resembling di- iodide of nitroharmine, from a mixture of the hot solutions of 
iodine and chloronitroharmine in alcohol or in coal-tar naphtha. It is more soluble 
in alcohol than the di-iodide of nitroharmine, and dissolves easily in warm alcoholic 
hydrocyanic acid, separating in rounded granules on cooling. 

K ARM OTOWB. This term includes two isomorphous mineral species, identical 
in crystalline form, vis. : Baryta-harmotomc , and Lime- harmo tome. 

SaryU-harmotome, also called Cross-stone, Staurolite , Andrealite , Andreas- 
brrgoUte, Morvcnite, — Crystals belonging to the trimetrio system, being generally 
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fectangoUr prisma with four-sided summits set upon the lateral edges. Ordinary 
combination, P . oofao . 00 P 00 . Poo (like 628), often without Poo . Ratio of the 
axes* a * b : c - 0 9781 : 1 : 0*884. For P, the angle of the terminal edges in the 
brachydiagonal section - 121° 28', iu the macrodiagonal section, - 120° 1 ; and the 
angle of the lateral edges (in a section parallel to the base) is 88° 44', Cleavage most 
distinct parallel to «Poo . The crystals are generally twins, inserted crosswise into 



one another, as shown in Jig. 629, in which the faces ceVco arc denoted by ff, and 
oopoo by m. For distinctness, the faces of one of the crystals are shaded (Kopp, 
KrvZaligTaphie, p. 263). Rarely massive. Specific .gravity = 2 39 to 2 498. Hard- 
ness - 4*6. Lustre vitreous. Colour white, passing into grey, yellow, red, or brown. 
Streak white. Subtransparent, to translucent. Fracture uneven, imperfectly conchoidal. 
Brittle. Melts without intumescence before the blowpipe, forming a ^ lte K 1 ®^* 
When finely pounded it is decomposed completely, though with difficulty, by liy 

Ch The following are analyses of baryta-harmotome:— a, from Obe™tein ; i, frorn S^ron- 
tian (Kohler, Pogg. Ann. ixxvii. 661); c, from Stront.an (Con n cl 1, Kd. N. Phil. J., 
1832, July, p. 33) ; d , Morvniitr, from the same (Damon r, Ann. Mm. [4j ix. 33 ), 

7' ; J 7 , 7.’ ^ * O Mhuralchcmit. p. 821). 

e, from An dr 

SiO* 

Al’O* 

Fe a O* 

BaO 
CaO 
K 2 0 ) 

Na 2 0{ 

H 2 0 

yy','D uyj *“■ “ w 

These analyses agree pretty nearly with the formula Ba0.Al I 0 , .5Si0 I + 6H»0 
(Rammelsberg), which requires 46 66 per cent, silica, 16*66 alumina, 23*79 baryta, 
and 14 00 water (the other constituents being regarded as adventitious), and by sub- 
stituting al = | Al, and regarding 2 at. hydrogen as basic, this formula becomes 
(Ba"ol , H*)Si*O l *.4H*O f which is reducible to M 2 Si0*.£H 2 0, the formula of a metasili- 

Ca1 The composition of the mineral has, however, been hitherto 

by the formula BaO.At*O*.3$i0* + bHO, or 2(BaO.APO»).9Si°* + 1 0IP o ; but this 

formula gives only 44 per cent, silica, which is considerably below that of all analyses 

which have been made of the mineral. . . . 

Baryta-harmotome occurs at Oberstein in Zweibrucken, m siliceous geodes , at 
Andreaabenr in the Hartz; at Strontian in Argyleshire ; m Norway on gneiss; J n 
simple crystals with analcime, in the amygdaloid of Dumbartonshire. 
called Marvenite, distinguished by the greater brilliancy of its crystals, is also found at 
Strontian. (Dana, ii. 323 ; 0m. iii. 446.) 

or Potash-harmotome, Phillipsitt, ChristiamU.—lMmorphoM 

. . . . • _ a _ 0-9 9*21 a. llard- 


a. 

b. 

c. 

d. 


/• 

4665 

4610 

47 04 

4760 

48-74 

48*49 

16-54 

16-41 

15-24 

0-24 

16-39 

0-65 

17-65 

16*36 

19- 12 
110 

20-81 

0-63 

20-85 

0T0 

20-86 

19-22 

2008 

110 

0*90 

1*72 

1-55 

. • 

207 

16-25 

1611 

14-92 

1416 

14-66 

13*00 

99*76 

99*96 

100-11 

101-21 

100-27 

99 99 


Ume- lumotome or Potash- harmmvme, rniuipmr, ”, 

with the preceding, occurring also in twins. Specific gravity — 2*2 * * * 

ness - 4 to 4*6. Lustre vitreous. Colour white, sometimes reddish. Streak urico- 
lonred. Translucent-opaque. Before the blowpipe it intumesces sbgbtly, »Tes off 
water, and melts to a translucent glass. Hydrochloric acid decomposes it easily, with 

separation of gelatinous silica. . - 

The following are analyses of lime-harmotome «, from Annerods near Oiesssn 



14 harringtonite-hauyne. 

(Wernekink,Gilb. Ann. lxxvi. 171,336); 6, from Sterape! neap^brag(L.amelin 
Leonh. Zeitschr. f. Min. 1826, i. 8) ; c, from the same; d, from Habichtswalde, nea; 
'Cassel (Kohler, Fogg. Ann. xxxvii 661); e, from the Giants Causeway (Connell 
Edinb. Phil. J. xxxv. 373). 



a. 

b. 

e. 

d. 

e. 

SiO 2 . 

. . . 48-36 

48‘51 

60-44 

48-22 

47-35 

A1*0 $ . 

. . . 2000 

2176 

2178 

23-33 

21-80 

Fe 3 0* . 

. . 0-41 

099 

. . 

. . 

3 70 

CaO . 

. . 6*91 

626 

6*50 

7*22 

4*85 

K z O . 

. . 6 41 

6*33 

3*95 

3*89 

6*55 Na*0 

BaO . 
H*0 . 

. . 0*40 

. . 17*09 

17*23 

1681 

17*56 

16*96 


98*64 

10108 

99*48 

100-22 

100*21 


The composition of lime-harm otome has been represented by several different formulae. 
The quantities of calcium and potassium contained in it are somewhat variable, but its 
composition appears to be, for the most part, that which is expressed by the formula 

2 K*of 3A12 ° S ' 12Si ° 2+ 35H?0 ( 50 2 per Cent Si ° a ' 213 A12 ° 8 ’ 70 Ca0, 0 ' 5 KJ °’ and 

15*0 water), which, by substitution of al for §A1, as before, becomes (Ca 2 K*aZ 9 )Si ,2 0 M . 
16H 2 Q, and is reducible to the general formula M 24 Si n 0 ,9 .16H 2 0, or M*Si0 3 4H*0, 
which is that of a motaeilicato, and differs from the general formula of baryta-harmo- 
tome only in its amount of water. 

Lime-harmotome occurs in tho amygdaloid of the Giant’s Causeway, in large trans- 
parent crystals. It is also found in Iceland ; among the Vesuvian lavas ; in sheaf-like 
aggregations at Capo di Bove, near Rome ; and in long radiating crystals at Aci Castello 
in Sicily, and other localities. (Dana, ii. 324; Rammelsb erg, Mineralchemie, p. 811.) 

HASRZSTOTOM'ZTZ:. See Natroeitb. 

HARSZ8 ZTZ3. A variety of cuprous sulphide, Cu 2 S, occurring in the Canton 
mine, Georgia, in crystals belonging to the regular system, and cleaving parallel to the 
faces of a cube (Shepard, Jahresb. f. Chera. 1867, p. 666). Genth (Sill. Am. J. [2] 
xxii. 449) regards it as a pseudomorph of copper-glance after galena. 

BARTZW. C 10 H I7 O. Psatt/rin . — A fossil resin resembling hartite. Massive, but 
crystallises from rock-oil in needles belonging to the trimetric system. White ; desti- 
tute of taste and smell. Pulverises between the fingers. Melts at 210° C., and distils 
at 200°. Slightly soluble in ether. Gives, by analysis, 78 06 per cent. C, 10 92 H, 
and 11*02 O. It. is found in the lignitoof Oberhart, Austria. (Schrotter, Pogg. Ann. 
liv. 46.) 

BAftTZTS. CTT a . — Another fossil resin from the lignite of Oberhart. Oblique 
prisms belonging to the monoclinic system. Cleavage only in traces. Specific gravity 
1*046. Hardness = 1. White, with a somewhat greasy lustre. Translucent. Brittle. 
Melts at 74° C., and distils at higher temperatures. Dissolves easily in ether, less 
readily in alcohol, and crystallises from each solution by evaporation (Haidinger, 
Pogg. Ann. liv. 201). Gives, by analysis, 87'47 percent. C and 12*06 H. (Schrotter.) 

BATCBBTT1V or Mineral Tallow , a fossil resin occurring in the coal measures 
of Glamorganshire; crystallised and amorphous in thin laminae; like wax or sperma- 
ceti iu consistence. Specific gravity 0*916 at 15*6° C. White and transparent, with 
nacreous lustre, but becomes black and opaque by long exposure. Greasy to the touch. 
Melts at 46° C. Distils without change when cautiously heated. Dissolves sparingly 
in boiling alcohol, and separates on cooling ; sparingly also in cold Ather, more easily 
in hot ether. Gives, by analysis, 85*9 per cent, carbon and 14*6 hw£>gen (■» 100*6). 
(Johnston, Phil. Mag. xii. 338.) 

A similar substance is found at Rossitz, in Moravia. Specific gravity, 0*892. Hard- 
ness ■« 1. A variety from Loch Fyne, near Inverness, melts at 47° C. Another allied 
mineral from Merthyr Tydvil, melts at 76-6° C. 

lAVZBZn. Native disulphide of manganese, MnS*, found at Kalinka, in Hun- 
gary. (See Manganese, Sulphides or.) 

BATOXANB 1TB. Native manganoso-manganic oxide, MuO.Mn*0\ or Mn*0 4 , 
found at Ilmenau in Thuringia, at Ihlefeld in the Hartz, and one or two other locali- 
ties. (See Manganese, Oxides of.) 

BAUVJflt A mineral consisting of silicate of aluminium, sodium, and calcium, 
with sulphate of calcium, occurring in the lavas of Vesuvius, on Somma, and on the 
basalt of Niedennendig, near Andernach, on the Rhino. It crystallises in rhombic 
dodecahedrons, with cleavage parallel to the faces, sometimes distinct; commonly in 
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crystalline grains. Specific gravity 2 4 to 2 5. Hardness 5 5. Lustre varying from 
vitreous to greasy. Colour bright blue, occasionally asparagus-green. Streak bluish- 
white. Subtransparent to translucent. Fracture flat-conchoVdal to uneven. Before 
the blowpipe it decrepitates and fuses slowly to an opaque white or greenish-blue 
glass. Effervesces with borax, and forms a glass which is yellow when cold. The 
finely pulverised mineral dissolves completely in hydrochloric acid, the liquid deposit- 
ing gelatinous silica when evaporated. 

The composition of hauyne has been variously stated. From the analysis of the 
mineral from Mont Albano, Whitney (Pogg. Ann. lxx. 431) deduced the formula 
3(Na*0.Al*0 5 .2Si0*) + 2(CaO.SO*), or 3(Nao/*)SiCK0aS0 4 ; from that of hauyne from 
Somma, Eammelsbeig calculates the formula 2(Na*0.Al 2 0*. SSiO'l-fc/CaO.SO*), or 
4(Nsui/ 9 )Si0 4 .CaS0 4 . The following table exhibits the numbers deduced from these 
formula*, together with the results of the corresponding analyses : 


Mont Albano. 

(Whitney.) 

Somma. 

Calc. 

Analysis. 

4SiO* . 

6SiO* . . 

32-20 

32-48 

2SO* . . 

14 31 

12-98 

SO* 

3AFO* . . 

26-83 

27*75 

2A1 2 0* . 

2CaO . ♦ 

10-02 

9-96 

CaO 

3Na 2 0 . . 

16 64 

14 24 

2Na 2 0 . 

K 2 0 . . 

10000 

2*40 

9&81 

K 2 0 


(Rammelsberg.) 
Calc. Analysis. 

34-29 

3406 

11*43 

1125 

28-57 

27 64 

800 

10-60 

17*71 

11-79 


4-96 

ioo 7 oo 

100*30 


According to these formulae, hauyne is allied to nosean, sodalite, and ittnerite, all of 
which are silicates of the form M 2 O.Al 2 O s .2Si0 2 , easily reducible to an orthosilicate, 
(Ma/*)Si0 4 [n^=«gAl = 9*1]. The formulae of these minerals are in fact: 

Hauyne : of ® J MaTOiO 1 . CaSO* 

Sodalite: 3Mc/*Si0 4 . NaCl 

Nosean : 6Mfl£*Si0 4 . Na 2 S0 4 

Ittnerite : GMa^SiO 4 . (CaSO 4 ; NaCl) + OH’O 


Hauyne from Niedermendig contains, according to Whitney, 33 90 SiO 2 ; 12 01 SO*; 
28 07 A1 2 0* 7 o0 CaO and 19 28 Na 2 0 « 10073, and is composed of 1 molecule of 
noeeau end 2 molecules of the Albano hauyne. The blue colour of hauyne appear, 
to arise from a email quantity of a metallic sulphide emular to that wh. ell gives the 
colour to ultramarine. All specimens of hauvne when treated with . hydrochloric 
acid, give off at least a trace of sulphydnc acid. (Han a, 11 . 230 ; Handw. J. Chem. 
iii. 832.) 


BAVTNOPHTX. A name applied to the lava of Mold on the Vulture. This 
lava is black or brown, and contains hauyne of various colours, and augito in slender 
needles. It is strongly attacked by acids. When it is treated with an equal weight 
of a mixture of 2 pts. hydrochloric acid and 1 pt. water, 30-2 per cent, remains unde- 
composed, consisting mainly of augite containing a large proportion of iron. The 
hauyne amounts to 22 per cent. (Rammcls berg, Jahresb. I860, p. 807.) 

HATDZDrZTB. Yellowish chabasite, from Jones’s Falls, Maryland. (Bee Ciiabasits. ) 


BA7BBZWB. (Syn. with Bouocalcite.) 

HATTORFTB, Pseudomorphous quartz, from the mine of magnetic iron at Hay 
Tor, in Devonshire. It has the form of datholito, and contains 985 per cent, silica 
and 0-2 ferric oxide. 

BBAT. The word Heat is used in common language, both as the name of a 
particular kind of sensation, and to denote that condition of matter in which it is 
capable of producing this sensation in us. Any influence whereby external objects 
are rendered Aot, or capable of exciting the sensation of heat, causes them at the same 
time to undergo other changes, which, being independent of the varying condition of 
our bodies, afford much more certain and more exact indications as to the condition of 
heat than is furnished by the sense of touch. Indeed, strictly speaking, our sensations 
bear no direct testimony with regard to the absolute degree of hotness of external 
objects, but rather to the fact of their imparting heat to our bodies, or removing heat 
from them. When these effects are produced in a moderate degree, we experience the 
sensations of heat and cold respectively ; when the loss or gain of heat by our bodies 
is more rapid, it no longer produces any sensation to which a definite name can be 
assigned, but simply a feeling of pain; and the very rapid passage of heat either i nt o 
or out of our bodies, causes a wound which is of the same kind in either case. The 
direct evidence of our senses with respect to the heat of external objects is therefor* 
confined within comparatively narrow limits. Moreover, it is not always of the same 
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kind, even with respect to bodies in the same condition, as is easily proved by putting 
one h an d into hot water and the other into cold water, and after a short time remov- 
ing both and plunging them into lukewaftn water, which will then feel cold to the hand 
tihich was previously in hot water, but warm to the other. _ 

The most im por tan t of the other properties of the condition of matter constituting 
heat, besides producing the sensation denoted by the same word, are the following : 

1. Heat imparted to any body raises its temperature, that is, it not only causes the 
body to produce the sensation of heat in a more marked degree, but its tendency to 
impart the property of so doing — in other words, its tendency to impart heat— to other 
bodies is increased. 

■ 2. It modifies the relations between the density and elasticity of substances, the 
general law being, that the hotter a body is, the less is its elasticity of figure, or tend- 
ency to preserve a definite form and arrangement of parts, and the greater is its elasticity 
of volume , or tendency, if solid or liquid, to preserve a definite volume, and if gaseous 
to expand indefinitely. 

3. Heat causes solid bodies to become liquid, and liquid bodies to become gaseous. 
The amount of heat required to produce these changes in any body varies with its 
special nature and with other circumstances, but they take place always and without 
exception, in the same order ; that is, the solid styte always corresponds to the lowest 
degree of heat, the gaseous state to the highest degree, and the liquid state to an 
intermediate degree. 

4. Heat causes changes in the chemical composition of bodies, and also in their 
electrical, magnetic, and optical properties. 

The capacity of heat thus to effect changes characterises it as a form of energy, 
capable of being measured and expressed as a quantity, in terms of one or other of the 
directly measurable effects which it produces. When thus expressed as a quantity, 
the condition of heat is found to be subject, like other forms of energy (mechanical 
energy, for example), to a law of conservation ; that is, if in any system of bodies, 
no heat is expended or produced through changes other than changes of temperature, 
then the total quantity of heat in the system cannot be changed by the mutual actions 
of the bodies, but what one loses another gains ; and if there are changes other than 
changes of temperature, then if by those changes tho total heat of the system is changed 
in amount, that change is compensated exactly by an opposite change in some other form 
of energy, (See Rankine, A Manual of the Steam Engine and other Prime Movers , 
ed. 1801, § 190, pp. 224 , 225 .) 

Hence it follows that heat may be produced by the reversal of its effects : as, for 
instance, by the conversion of a liquid body into a solid, or of a gas into a liquid ; by 
the compression of a gas, so as to make it occupy a smaller bulk ; by the transmission, 
through the point of junction of two dissimilar metals, of an electric current opposite 
in direction to that which would be produced by the application of heat at the same 
point ; by the union of oxygen and hydrogen so as to form water, the effect of heat 
upon water being to resolve it into oxygen and hydrogen gases, &c. &c. 

Similarly, heat may be caused to disappear— in other words, cold maybe produced — 
when a change, such as heat is capable of producing, is brought about by other means: 
us when a solid is liquefied by solution, or when a liquid is vaporised ; when a gas is 
expanded ; when, through the point of junction of two dissimilar metals, an electric 
current ja transmitted in the same direction as that which would be produced by the 
application of heat at the same point, &c. &c. 

The reversal of any of its effects does not, however, necessarily and under all cir- 
cumstances, cause heat to be produced : instead of it an equivalent of some other form of 
energy may be generated; thus, in Grove’s gas-battery (Electricity, ii. 430) the primary 
result of the combination of oxygen and hydrogen gases is not the evolution of the 
quantity of heat which would be required to decompose the watcOSrmed, but of an 
equivalent amount of electrical energy. Neither is the disappeal®be of heat always 
a necessary consequence of the production, by other means, of changes such as might 
be brought about by the action of heat itself : for example, in the decomposition of 
water by tho electric current, there is no disappearance of heat, but there is expended 
an amount of electrical energy, equivalent to the heat which would otherwise have 
been required to effect the same decomposition. Further, the most familiar and most 
practically important processes by which heat is produced, such as combustion, friction, 
and percussion, are not such as can be directly reversed by the action of heat. 

On the other hand, heat being a form of energy, every source or store of energy 
majr be considered as, directly or indirectly, a source of heat. The sources of heat 
available to man may therefore be classified as follows : 

. 1* Sun. According to PouiUefc, the total heating effect of the sun's rays fall- 
ing perpendicularly during 1 minute upon one square centimetre of the earth’s surface, 
including the portion absorbed by the atmosphere, amounts to 17633 times the quan* 
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iity of heat required to raise the temperature of lgrm. of water 1 degree centigrade, 
or to 1'7633 gramme-degrees. The mean heating effect on each square centimetre of 
the earth’s surface, for every minute during 24 hours, is therefore — 0 4 408 gramme- 
degree ; or the total effect during one year is 232,000 gramme-degrees.* According 
to these data* the whole quantity of heat received by the earth from the sun in one 
year would be sufficient to melt a layer of ieo over the whole surface of the earth of 
32 metres (or 35 yards) in thickness. The whole of this supply of heat (which is less thin 
the 2,300 millionth part of the total heat emitted by the sun) is not, however, directly 
available as such. According to Pouillet, nearly one-half is absorbed by the atmo- 
sphere, and of the heat so absorbed a considerable proportion goes to supply the 
mechanical energy of air in motion, or wind, and thus ceases, at least for a time, to 
exist as heat. Another portion is expended in causing the evaporation of water from 
the ocean and from the moist surface of the land : as will bo shown in the sequel, a 
great part of this heat reappears when the evaporated water is returned to the earth 
as rain or otherwise : but the remainder is retained in a modified form in water which 
is deposited at a higher level than that from which it was evaporated, and so furnishes 
the mechanical energy, or water-power, of rivers and falling water. Still another 
portion of the total energy of the sun’s rays is absorbed by growing plants, enabling 
them to convert carbonic acid and water into woody fibre : our ordinary modes of 
obtaining artificial heat — namely, by the combustion of wood and coal — aro processes 
in which the heat thus absorbed is liberated by the reversal of the chemical changes 
which take place in plants while living. The warmth and mechanical force of animals 
are also derived, through the vegetable food which they consume, from the same source, 
whence are likewise derived, directly or indirectly, our chief supplies of electrical energy. 

2. The internal heat of the earth. This we may consider as of two kinds: the 
actual heat, of which there is evidence in hot springs and volcanoes, aa well as in the » 
comparatively high temperature of deep mines; and the potential heat stored up in 
combustible minerals, fry far the most important store of potential heat, namely, coal, 
represents, as we have already seen, a portion of the energy of the sun’s rays which 
reached the earth during the growth of the plants from which it has been formed. 

3. The tidal wave , caused by the earth's diurnal rotation, combined with the mutual 
motions of the earth, moon, and sun, is a source of heat which might bo rendered 
practically available, by causing water- wheels, driven by the tidal waters, to generate 
neat by friction. 

4. The fall of meteoric stones is a source of heat, practically insignificant, so far as- 
the earth is concerned, but which has been supposed to play ail important part in the 
maintenance of the heat of the sun. 

(On the possiblo sources of energy available to man, see W. Thomson, Phil, Mag. 

[4] iv. 259.) 

On the Measurement of Heat. 

Before we can proceed farther in the study of the properties and effects of heat, it is 
necessary that wo should have some means of measuring and comparing different 
quantities of it. As already stated, quantities of heat may be expressed in terms of 
any of its directly measurable effects; but that one which is usually the most easily 
ana accurately observable is alteration of temperature, and hence quantities of heat 
are commonly defined by stating the. extent to which they are capable of altering the 
temperature of a known weight (such as 1 grm.) of a known substance (for instance, 
water). Accordingly, the unit of heat which will be employed in this article is the 
quantity, already spoken of as a gram me- degree, which is required to raise tho 
temperature of X gramme of water from 0° to 1° centigrade. Heat is, however, 
capable of causing other alterations in the condition of bodies, such as the lique- 
faction of solid substances, without at the same time causing any alteration in their 
temperature; hence, another way in which a quantity of heat maj be defined is 
by stating the amount of some known solid (i$p, for example) which it is capable 
of liquefying, without causing any change in its temperature. Quantities of heafc 
can also be expressed in terms of tho mechanical or electrical energy to which 
they ue equivalent; but as neither motion nor electricity can be generated by heat 
without the simultaneous expenditure of a greater or less quantity in causing a rise of 


* Tbe total quantity of beat receired io a minute by a hemisphere of the earth's surface is the same 
*• that which would fall on the great cirrle forming the projection of that hemisphere — that Is to ssjr, 
1 7633 rR* gramme-degrees (the radius being measured In centimetres). Hence, supposing the heat 
to be uniformly distributed over this surface, the quantity received io a minute by each square centi- 
metre of surface la 

« 0*4408 gramme 'degrees; 

**»d as the earth performs Iti rotation In 74 hours and the year contains 8*5 days. It follows that 
the mean amount of heat received in a year by each square centimetre of the earth s surface is 
04108 X 60 X *4 X 366, or In round numbers, 232,000 gramme-degrees. 
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temperature in material substances, and since, therefore, the whole of a given, quantity 
can never be transformed without loss into these other forms of energy, they cannot 
serve for the direct measurement of heat And in fact whatever mode of measurement 
is adopted, it is always necessary to take account of the temperature of the bodies 
whose heat is to be estimated, and of those which are influenced by them, in order 
that we may know the extent to which their temperature is altered; or on the other 
hrad, that we may convince ourselves that no such alteration takes place. The mea- 
surement of temperature, or thermometry, is therefore a necessary preliminary to the 
measurement of heat, or calorimetry , 

TSiermometry. — Temperature, or hotness, has already been defined as the tendency 
of one portion of matter to part with heat to other portions, and has been stated to 
depend on the quantity of heat which the portion of matter in question contains. For 
the purpose of defining different temperatures, it is obviously necessary to adopt two 
standard points, separated by a known and constant interval, which may serve as a 
measure by which to estimate the interval between any other two temperatures. The 
standard points usually adopted are the temperature of melting ice, and the tem- 

r rature of pure water boiling freely under a barometric pressure of 760 millimetres 
■ 29-92 inches) of mercury (measured at the melting point of ice). When a quan- 
tity of mercury is allowed to attain equilibrium of temperature with melting ice, and 
afterwards with water boiling under the conditions above mentioned, it is found that 
its bulk in the latter case always exceeds its bulk in the former case by a certain constant 
amount. The expansion of the mercury is here a measure of the quantity of heat 
which the boiling water imparted to it after it had come to such a condition that an 
interchange of heat no longer took place between it and the melting ice ; and since, as 
already observed, the mercury always expands by the Bame proportion of its bulk at the 
temperature of melting iee, we may conclude that the quantity of heat which boiling 
water can impart to a given mass of matter, exceeds that which melting ice can impart 
to the same mass, by a constant proportion ; in other words, that the temperature of 
boiling water is higher than the temperature of melting ice, and that the interval which 
separates them is always the same. 

It is upon this principle that the use of the mercurial thermometer, and of other 
instruments in which expansion is employed to indicate temperature, depends. The 
construction and use of this instrument in its various forms are fully described in the 
article Thermometer, to which the reader is referred. It will be sufficient here to 
state, that there are in frequent uso tliree different modes of designating the two 
standard points of temperature, and of subdividing the interval between them: namely, 
the centiyrade scale of Celsius employed in this Dictionary, fn which the temperature 
of meltiug ice is denoted by zero, and the temperature of boiling water by 100; 
Reaumur’s scale, in which the temperature of melting ice is likewise denoted by 
zero, but that of boiling water by 80 ; and Fahrenheit's scale, in which the former 
temperature is marked 32, and the latter 212. The melting point of ice is therefore 
indicated by any of the following expressions : — 

0°C„ 0° JR., and 32° F,; 
and the boiling point of water by any of the following : — 

100° C., 80° R, and 212° F. ; 


accordingly, 1 00 degrees centigrade are equivalent to 80 degrees Reaumur, and to 180 
^ 2 ,! 2 - 32 ) degrees Fahrenheit, or 6 degrees C. *» 4 degrees R. » 9 degrees F. The 
simplicity of these relations makes it easy, when a temperature is expressed according 
to any of the three scales, to find an equivalent expression according to either of the 
other two. (See further the article Thermometer.) x 

Besides the mercurial thermometer, and the spirit thermometer, wSj£ is quite similar 
to it in principle and in the manner in which it is used, there are wB&ie other instru- 
ments, which are advantageously employed in special cases, for the measurement of 
tempen^tre, and must therefore he briefly described here. 

The Weight-thermometer . — This issa mercurial thermometer which differs from the 
common one, masrittich as the expansion of the mercury consequent upon rise of tem- 
perature is not read off directly from a divided scale, but is calculated from the weight 
of mercury which escapes from the instrument. It consists of a cylindrical glass reser- 
voir, closed at one end, and terminated at the other by a short capillary glass tube 
which is so bent that, when the thermometer is placed in the position in which it is to 
be used, its open end points vertically downwards. The mode of using it is as follows : 

w weifihed wlu i e em P^ and the reservoir and tube are then com- 
mercui 7’ ^°le of the air being carefully expelled by boiling, 
and allowing the instrument to cool while the open end of the^apillarytube dips under 
the surface of mercury, as in the usual process of filling a barometer or thermometer. 
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By surrounding the thermometer with molting ice, the instrument itself, as well as the 
mercury contained in it, is brought to the temperature of 0° C. : when this temperature 
has been reached by every part of it, the vessel of mercury is removed from under the 
open end of the capillary tube, and is replaced by a small tared capsule. The ice is 
now removed, and the outside of tho thermometer is carefully dried. As the mercury 
contained in it returns to the temperature of the air (supposed above 0° C.), it expands, 
and, consequently, some of it escapes by the capillary tube into the tared capsule. The 
thermometer, and the capsule containing the mercury which has escaped from it, we 
now placed together in the balance and weighed ; by deducting from the gross weight 
so obtained the weight of the instrument when empty, and that of the capsule, we 
obtain the weight W, of the quantity of mercury which fills the thermometer at 0° 0. 

The instrument is next heated to 100° C., by immersing it in the steam of boiling 
water, the same precautions being taken as in fixing tho boiling point of the ordinary 
graduated thermometer ( see Theemovetkb), and the mercury which escapes is collected 
in the tared capsule and weighed. Let w be the weight of tho whole quantity of mer- 
cury which escapes from the thermometer when it is heated from 0° C. to 100° C. ; 
then the coefficient of apparent expansion (see below, Expansion of Liquids) of the 
mercuiy contained in the thermometer will be 


„ w , s 

W 

Similarly, if w t be the weight of mercury which escapes from the thermometer when it 
is heated to any other temperature, t° 7 which it is required to determine, we have 


hence we get 


5 . _ ** 


m 


w t w 

— u\)t ~ (IF - ttOlOO 1 


W - 


w- 


x 100 


The value of 8, deduciblo from equation (a), was found by Dulong and Petit (who were 
the first to employ the weight-thermometer) to be equul to and by substituting 

this value in equation (A) the value of t is given independently of tho preliminary 
experiment above described, in which the thermometer is heated to 100° C. ; but some 
uncertainty is thus introduced into the determination, inasmuch as the value of ft varies 
to a slight extent with the kind of glass of which the thermometer is made. 

The weight-thermometer is capable of giving very accurate results when employed 
to indicate the mean temperature of any considerable space, such as an oil- or water- 
batli, the temperature of which changes so slowly that it may be assumed, at any given 
instant, to be the same as that of the thermometer. The size of tho instrument 


depends upon the purpose for which it is to be employed : it is well that it should be 
of such a length as to reach from one end to the other of the space whose temperature 
has to be measured, and its capacity ought to bo such that the weight of mercury 
driven out by the smallest rise of temperature which it is required to cstijnute may be 
capable of being accurately determined by tho balance. An obvious precaution in the 
use of this instrument is to keep tho open end constantly under the surface of the 
mercury in the capsule, so that no air can enter in consequence of a diminution of 
temperature. 

Regnault’s Air- thermometer is an instrument which is applicable in the same kind 
of cases as the weight-thermometer, but has the advantage of giving accurate results 
at all temperatures below that at which glass softens, whereas tho indications of the 
weight-thermometer are obviously confined to temperatures below the boiling-point of 
mercury. In’ construction, it closely resembles the latter instrument, and consists of a 
cylindrical glass reservoir about 2 centimetres (0 8 inch) in diameter and about 12 or 
i 5 centimetres (4*8 or 6 inches) long, terminated aluone and by a narrow glass tube of 
1 or 2 millimetres internal diameter, which is beUfc at a right angle, at a snort distanco 
from the end farthest from the ftservoir, and drawn out to a fine point. In this state, 
the instrument is pUced in the space of which it is desired to know the temperature ; 
and as soon as the instant arrives for which this temperature is required, the drawn- 
out point is sealed by fusion with the blowpipe, the height of the barometer and its 
attached thermometer (L 512) being observed at the same time. The thermometer 
thus closed is then supported in a vertical position, the narrow tube downwards, and 
with the bent and sealed extremity of the fatter under the surface of mercury ; it is 
next opened by breaking off, under the mercury, as small a piece as possible of the 
point; and the reservoir is completely surrounded with melting ice. Owing to the 
contraction of the air in the thermometer as it cools, the mercuiy rises in the tube and 
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contents instrument, is measured by l 

reservoir, above that of Ae mercu 1 * l r bein« carefully noted at the same time. The 
cathetometer.rte height of th b^ ^ gtjl f under mercury, by pressing against it 
open end of rte tube is no . from the re8ervo ir ; and the instrument is taken 

iv x •£% •'"-rt-j-ssj 

to ttaABtfj^g3a2SB3sss»fri t 

** 0*» «» ZZ^r*tO°cZZ2 Ze volume oJupied-at 0° C. 

and*under*tJ!m atmospher/cpressure diminished by the column of mercury read off by 
the cathetometer— by the air which the thermometer contained at the moment when 
it, was sealed with the blowpipe. They may therefore be taken to represent respectively 
these volumes : we shall then have 

W(l + Kt) - w ~(1 + «0* 


JT - w 


H 


W 1 a - JTk 


where / is the temperature required ; 

H, the atmospheric pressure at the moment of sealing the thermometer with the 

blowpipe ; . , , . 

h, the pressure supported by the air in the thermometer at the moment of closing 
* it wfth the pellet of wax — the barometric pressure observed at the same moment 
— the column of mercury read off with the cathetometer; 
a, the coefficient of expansion of air for 1° C. =*■ 0 00366 ; 

k, the coefficient of cubical expansion of the glass of which the thermometer is 
’made - 0*0000305, between 0° and .300° C., for common glass, and = 00000233 
for crystal-glass from Choisy-le-Roi. (Regnault.) 


(For the derivation of the above formula, see the section Expansion of Gases 
in this article; for further details of the air-thermometer, see Regnault, Coura 
tlimentaire de Chimie, £d. 1864, iv. 64.) 

Deville and Troost’s Iodine-pyrometer. — For the measurement of temperatures 
above that at which glass softens,' Deville and Troost employ a method which depends 
on essentially the same principles as the use of the air-thermometer, although the 
mode of experimenting differs considerably. Their apparatus consists of a globular 
flask of Bayeux porcelain of 280 or 300 c. c. capacity, with a neck 11 centimetres long 
and 4 mm. in internal diameter. A quantity of iodine is put into the flask, and the neck 
is nearly closed by a small plug of porcelain which lies loosely in the opening. When 
the flask is now exposed to a high temperature, the iodine is vaporised and the 
greater part escapes by the neck, driving out at the same time nearly the whole of the 
air. After the flask has been exposed for about twenty minutes to the temperature 
that is to be measured, the flame of an oxy-hydrogen blowpipe is allowed to 
play for an instant upon the porcelain plug lying in the neck : the plug is thus 
melted and closes the flask hermetically. When cold, the flask is clashed and care- 
fully weighed ; the end of the neck is broken under boiled water or ^Mrcuiy, and the 
flask is weighed, together with the water or mercury which enters ; it «*hen completely 
filled with water or mercury and weighed again ; lastly, the flask wr Weighed when 
empty. From the weights thus obtained it is easy to calculate the capacity of the 
flask, and the volume of air avhich the iodine-vapour has failed to expel : the first 
weighing gives directly the excess of the weight of the flask and iodine-vapour over 
that of the empty flask. The observations which require to be made in each experi- 
ment are the following : — 


Temperature of the balance *» t° 

Atmospheric pressure »» A mu 

Excess of weight of flask after being heated and sealed full of 
iodine- vapour over weight of flask filled with air previous to 

the experiment » i gnn. 

Capacity of flask ♦ / . - 

Residual air. . » uc,c. 
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Besides these data, the following constants are required in order to calculate the 
temperature at which the flask was sealed: — 


Weight of 1 c. c. air at 0° and 760 mm. pressure 
Density of iodine-vapour referred to air as unity . 
Coefficient of expansion of air for 1° C. 

Coefficient of cubical expansion of Bayeux porcelain for 1° C 
The required temperature, T } can now be calculated as follows 


0001293 arm. 
8716 
000366 
00000108 


let / w ^ 


(v- a) *001293 h 
1 + -00366* * 760 


be the total weight of iodine-vapour con- 


tained in the flask at the moment of sealing, then 

/„ (1 + 0-00366 7 1 ) 760 

0*001293 x 8*716 ‘ h 


will be the volume of this vapour at the same moment; but 


a (1 + 0-00366 T) 760 
+ 1 + 0*00366* * T~ 


if (1 + 0 *0000108 T) 


and from this equation, in which T is the only unknown quantity, its value is easily 
found. 

It is obvious that this method is applicable only for the measurement of maximum 
temperatures which can be maintained stationary for some time ; but in cases where 
these conditions can be fulfilled, as in determining the boiling points of difficulty 
volatile substances (e.g. sulphur, cadmium, zinc) it is capable of yielding very accurate 
results. 

A porcelain globe filled with air may be employed as a thermometer in the same 
way : the advantage of using iodine is that given differences of temperature correspond 
to greater differences of weight. 

(See further Deville and Troost, Ann. Ch. Phys. [3] lviii. 267, 275, 285, 293.) 

Mercury-pyrometer . — This instrument, proposed by Kegnault (Ann. Ch. Phys. [3] 
Jxiii. 40), is composed of a bottle made of cast or wrought iron, platinum or porcelain, 
having a capacity of 500 to 1000 c. c., and provided with a perforated lid which lies 
flat upon the neck of the bottle, the under surface of the lid (which has a considerably 
greater diameter than the neck) and the upper surface of the neck being ground 
together, so that by sliding the lid a little to one side, the bottle can be almost com- 
pletely closed without removing it from the furnace, or other space whose temperature 
is to be determined. Before beginning the experiment, 10 or 15 grnis. of pure 
mercury are put into the bottle, and it is then placed in the furnace, the lid being laid 
on so that the hole through it forms a continuation of the orifice of the neck; when 
the bottle has been in the furnace long enough to have thoroughly assumed the tem- 
perature of the latter, it is closed by drawing the lid sideways, then removed from the 
furnace, and quickly cooled. The mercury remaining in the bottle is poured out (it 
can be completely detached from the bottle by shaking a little water round in it), 
and weighed, either in the metallic state, or, when necessary, after solution in an acid 
and precipitation. When the following data are known, namely — 


v =* capacity of the bottle in c. c. at 0° C. ; 

* ■■ coefficient of cubic expansion of the substance of the bottle ; 

A — atmospheric pressure at the moment of withdrawing the bottle from the 
furnace ; 

d — density of mercury- vapour at temperatures at which it has the properties of 
a perfect gas ; 

p weight of mercury remaining in the bottle; 


the required temperature, T % can be calculated. 

The weight of mercury-vapour which fills the bottle a tT° is 


hence 


1 + k T 

V * 1 + 0*00366 T 


0 * 0012932 . d . 


_A 

760 “ 


P 


1 + * T 760 p M J> 

1 + 0 00366 T “ v "0*0012932 . d * h " h * 

,n which last expression M is a quantity which remains constant for the same bottle* 
we have therefore 


T 
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Bamault’a Hydrogen-pyromtUr (Ann. Ch. Phye [3] lxiil. 42) it aa instrument 
wiwSytbe temperature' of a furnace or other heated space can be qmckly detemuped 
at any featured instant. It consists of a wrought iron tube one or two inches widj 
andionilough to reach from one side of the furnace to the other,. terminated ateach 
end by a capillary tube of the same material, provided with a three-way code. When 
ihetemperaturerf the furnace is to be determined a current of pure and dry hydrogen 
is Lusel to enter the iron tube at one end, and allowed to issue freely into the air at 
the other; when the current of gas has been continued long enough to displace all the 
air, and to reduce any oxide that may have formed in the inside of the tube, it is 
stopped ; the free end of the iron tube is connected with a copper tube filled with oxide 
of copper, and heated to redness by a row of gas-jets ; the current of hydrogen is then 
replaced by a slow current of dry air, which sweeps forward the hydrogen into the 
copper tube, where it is completely converted into water. The water thus formed 
passes on to a weighed U-tube containing pumice-stone and sulphuric acid, and from 
its weight the temperature of the furnace can be calculated upon the same principle as 
when the mercury pyrometer is used. (For further details, and for figures of this 
apparatus and of that last described, see Regnault, loc. cit.) 

The Tkermomultiplier. — This instrument consists of a thermo-electric pile, connected 
with a delicate galvanometer; its construction, and the principles u]pon which its action 
depends, have already been explained in the article Electbicity (ii. 413 and 443, 444^). 

As a thermoscope, or instrument for rendering sensible heat of very low intensity, this 
apparatus is much more delicate than any other that has been devised, the heat given 
out by the human body producing a perceptible effect upon it, even at a distance of ten 
yards or more (Daguin, Traitt de Physique , 2nd edit. ii. 34). As a differential ther- 
mometer, it is capable of giving accurate results, when the intervals of temperature to 
be measured ure sufficiently small. But, since the direct indications of the instrument 
are not generally proportional to these intervals of temperature, it is necessary to con- 
struct, for each thermomultiplier, a table showing tho interval of temperature to which 
each degree read off upon the instrument really corresponds, The following account 
of tho method recommended by Me 11 on i for constructing these tables is given by 
Tyndall {Heat as a Mode of Motioti, p. 3 55), being translated by him from ‘La Ther- 
moerose,’ p. 69: — 

“ Two' small vessels are half-filled with mercury, and connected separately by two 
short wires, with the extremities of the galvanometer. The vessels and wires thus 
disposed make no change in the action of the instrument; the thermo-electric current 
being freely transmitted, as before, from tho pile to the galvanometer. But if, by means 
of a wire, a communication bo established between the two vessels, part of the current 
will pass through this wire and return to tho pile. The quantity of electricity circu- 
lating in the galvanometer will be thus diminished, and with it the deflection of the 
needle. 

“ Suppose, then, that by this artifice we have reduced the galvanometric deviation 
to its fourth or fifth part; in other words, supposing that tho needle being at 10 or 12 
degrees, under the action of a constant source of heat, placed at a fixed distance from 
the pile, that it descends to 2 or 3 degrees when a portion of the current is diverted by 
the external wire ; I say that by causing the source to act from various distances, and 
observing in each case the total deflection and the reduced deflection, we have all the 
data necessary to determine the ratio of the deflections of the needle, to the forces 
which produce these deflections. 

“ To render the exposition clearer, and to furnish, at the same time, an example of 
the mode of operation, I will take the numbers relating to the application of this method 
to one of my thermomultipliers. 

> “ The external circuit being interrupted, and the source of he# being sufficiently 
distant from the pile to give u deflection not exceeding 6 degrees flfjlhe galvanometer, 
lot the wire bo placed so as to connect the two vessels of mercury ; UK&eedle falls to 1*6. 
The connection between the two vessels being again interrupted, let the source be 
brought near enough to obtain successively the deflections : — 

6°, 10°, 16°, 20°, 25°, 30°, 36°, 40°, 46°. 

Interposing after each the same wire, we obtain the following numbers: — 

V5° t 3°, 4*5°, 6-3°, 8-4°, 11*2°, 16*3°, 22*4°, 297°. 

“Assuming the force necessary to cause the needle to describe each of the first 
degrees of the galvanometer to be equal to unity, we have the number 6 as the expres- 
sion of the force corresponding to tiie first observation. The other forces are easily 
obtained by the proportion : — 

V5 : 5 ** a : x ** — 3’333u,* 

• That I* to say, one reduced current h to the total current to which it correspond*, as any other 
reduced current is to its corresponding total current. 
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where a represents the deflection when the exterior circuit is dosed. We thus obtain 
5, 10, 15*2, 21, 28, 37 3 
for the forces corresponding to the deflections, 

5°, 10°, 15°, 20°, 25°, 30°. 

“ In this instrument, therefore, the forces are sensibly proportional to the arcs up to 
nearly 15 degrees. Beyond this the proportionality ceases, and the divergence augments 
as the arcs increase in size. 

“The forces belonging to the intermediate degrees are obtained with great ease, 
either by calculation or by graphical construction, which latter is sufficiently uccur&fo 
for these determinations. 

“By these means we find, 

Degrees . . 13 0 14° 15° 16° 17° 18° 19° 20° 21° 

Forces . . . 13 141 15-2 16 3 17*4 18 6 1 9*8 21 22*3 

Differences . . 1*1 1*1 1*1 1*1 1*2 1*2 1*2 1*3 

Degrees . . 22° 23° 24° 25° 26° 27° 28° 29° 30° 

Forces. . . 23*5 24 9 26*4 28 297 31 5 33*4 35*3 37*3 

Differences . . 1*4 1*5 1*6 17 1*8 19 1*9 2 

11 In this table we do not take into account any of the degrees preceding the 13th, be- 
cause the force corresponding to each of them possesses the same value ns the deflection. 

“The forces corresponding to the first thirty degrees being known, nothing is easier 
than to determine the values of the forces corresponding to 35, 40, 45 degrees, and 
upwards. 

“ The reduced deflections of these three arcs are, 

15*3° 22*4°, 29*7°. 

“ Let us consider them separately ; commencing with the first. In the first place, 
then, 15 degrees according to our calculation, are equal to 16 2; we obtain the value of 
the decimal 0*3 by multiplying this fraction by the difference 1*1 ; for we have evidently 
the proportion 

1: 1*1 = 0*3 : .r = 0*3 

The value of the reduced deflection corresponding to the 35th degree, will not, there- 
fore, be 15*3°, but 15*2° + 0*3° = 16*5°. By similar considerations wo find 
23 5° + 0*6° ■» 241°, instead of 22*4°, and 3C 7° instead of 29*7° for the reduced 
deflections of 40 and 45 degrees. 

“ It now only remains to calculate tho forces belonging to these three deflections, 
15*5° 241°, and 36*7°, by means of tho expression 3 333o; this gives us, 
the forces, 617, 80 3, 122*3. 

for the degrees, 36, 40, 45. 


“Comparing these numbers with those of the preceding table, we see that the 
sensitiveness of our galvanometer diminishes considerably when we use deflections 
greater than 30 degrees.” 

When one face of the thermopile is exposed to the action of heat, the needle of the 
galvanometer, with which the pile is connected, immediately leaves its position of 
equilibrium and swings considerably beyond the new position in which, after a series of 
gradually diminishing oscillations, it ultimately oomes to rest, if the pile continues 
exposed to the same source of heat ; and when the source of heat is removed, the face 
of the pile only gradually loses the increased temperature which it had acquired while 
exposed to its action, so that the return of the galvanometer needle to its first position 
is likewise gradual. These two circumstances would occasion a very considerable loss 
of time in making a numerous series of observations with the thermomultiplier, were 
it necessary each time to allow the needle to become stationary at the point of ultimate 
deflection ; but Melloni observed that the arc through which the needle swings in it# 
first oscillation is always the same for an ultimate deflection of the same amount, and 
hence, by constructing what he calls a Table of Impulses , or table giving the ultimate 
deflection corresponding to a first swing, or impulse, of any given amount, this loss of 
time may be avoided. With such a table, it is only necessary to observe the arc de- 
scribed by the needle in its first movement, and then to refer to the table for the ulti- 
mate deflection corresponding thereto. 

Siemens’s Resistance Thermometer . — In this instrument the actual indications of 


temperature are made by an ordinary mercurial thermometer: its peculiarity consists 
ln too fact that it enables the temperatures of spaces to be determined into which ft 
t kf rmomoter not be introduced, or where, if introduced, it could not bs 

observed. Its action depends on the increased resistance which a metallic wire offers 
to the passage of an electric current when its temperature is raised. (Elsctbxcmt, 
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Two perfectly similar coils of insulated wire are enclosed in two hermetically sealed 
copper cases. One is placed in the space of which the temperature is required, the 
other in a bath of water ; and the temperature of the bath is altered until the electrical 
resistance of tho two coils is exactly equal, an equality which can be readily tested by 
a differential galvanometer. The temperature of the bath will then clearly be equal 
to that of the space where the first resistance coil is placed. The connections are 
mad* with very thick co pper wire, so thattheir resistance shall have little or no influence 
upon the result. The wires are coiled on an open copper cylinder of considerable 
diameter and length, so as to expose a large surface to the air or water in which they 
are placed. They in consequence take the temperature of the surrounding medium 
with great rapidity. {Report on Electrical Instruments in the International Exhibition 
of 1862, by Fleeming Jenkin. — Jurors’ Reports, Class xiii. p. 93.) 

This instrument is obviously adapted for determining the temperature of different 
depths of tho sea, or of borings on land, and for other similar purposes. Its sensibi- 
lity may be considerably increased by adopting a suggestion of Dr. Esselbach’s, and 
constructing one of the coils, that one which is placed in the bath of water, of a mate- 
rial whose resistance increases more slowly with rise of temperature than that of the sub- 
stance of which the other coil is made. The temperature of the bath would then have to 
be varied more than one degree, in order to compensate the alteration of resistance caused 
by a variation of one degreo in the temperature of the medium surrounding the other coil. 

Besides the instruments for measuring temperature which are described above and 
in the article Thermometer, already referred to, a great number of others, of various 
degrees of utility, havo been suggested from time to time. But it is believed that the 
instruments here noticed aro those most likely to be found practically useful by tho 
experimental chemist. A large number of tho older contrivances for thermometrio 
purposes aro very fully described in the treatise on The Thermometer and Pyrometer , 
published by tho Society for the Diffusion of Useful Knowledge. (Library of Useful 
Knowledge, Natural Philosophy, vol. ii. 1832.) 

Calorimetry. — Tho cases in which quantities of heat require to be measured aro 
very numerous, and different methods and apparatus aro required in nearly every case. 
In relation to overy one of the effects of heat the question arises : How much heat is 
needed to produce this effect with a given intensity? hence calorimetric measurements 
have to bo made in the study of each of these effects, while the nature of each will 
determine tho manner in which such measurements can best bo made. We shall, 
therefore, consider the different problems into which calorimetry enters, one by one aa 
they occur, and shall now pass at once to tho 


Quantitative Study of the Effects of Heat. 

The following order will be adopted in this part of the subject:— 

1. Changes of Temperature produced by Heat. 

2. Changes of Volume produced by Heat. 

3. Changes of State of Aggregation produced by Heat. 

4. Relations of Heat to Chemical Affinity. 

6. Relations of Heat to Electricity. 

6. Relations of Heat to Mechanical Energy. 

1. Changes of Temperature produced by Heat. — Specific Beat. — When 
equal weights of two different substances, say a pound of water and a pound of mercury, 
are placed in two similar vessels, and exposed for the same length of time to the heat 
of tne same lamp, or placed in front of tho same fire, at equal distances from it, or 
otherwise treated so as to have an opportunity of taking up, each exactly as much heat 
M the Other, it is found that, if of equal temperatures at the beginning of the experi- 
ment, they have no longer the same temperature at the end of The mercury is 
found to be much hotter than tho water. Hence it is proved tha1*3f quantity of heat 
Which is sufficient to raise tho temperature of a given quantity at mercury through a 
given number of degrees, is ouly able to raise the temperature of tho same quantity of 
Water through a smaller number of degrees ; in other words, more heat is required to 
x&ise the temperature of a given quantify of water one degree, than is required to raise 
the temperature of tho same quantity of mercury one degree. Again, if we take two 
equal weights of water and mercury which have been heated to the same temperature, 
say to 100° C., and place them under such conditions that, in cooling down to the tem- 
paratura Of the atmosphere, each shall give out exactly as much heat in each second as 
other, it will be found that tho mercury will have cooled down to the temperature 
«1he atmosphere long before the water ; hence, when its temperature is lowered by a 
ffivon number of degrees, water gives out more heat than an equal quantity of mercury 
does in undergoing a similar alteration of temperature. Extending similar experiments 
to Other substances, we should find that the quantity of heat needed to effect a given 
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chang e of temperature is different for almost every substance. These quantities of 
heat, expressed relatively to the quantity of heat required to raise the temperature of 
an equal weight of water from 0° to 1° C., are called the specific heats of the various 
substances. Thus, for instance, the statement that the specific heat of lead is 0*0314, 
implies that the quantity of heat which would suffice to raise the temperature of any 
given quantity of lead from 0° to 1° C., would raise the temperature of an equal quan- 
tity of water only from 0° to 0*0314°. 

The power of heat, then, to cause changes of temperature depends upon the nature of * 
the substance upon which it acts, just as we shall see in the sequel, that its power to 
cause changes or volume, or changes of any other kind, varies with the nature of the 
bodies submitted to its action. 

Three principal methods have been employed for measuring the specific heats of dif- 
ferent substances. Of these, much the most accurate is that known as the method 
of mixtures; we shall, therefore, describe it first. It consists in heating a known 
weight of the substance, whose specific heat is to be determined, to a known tempera- 
ture, then plunging into a known weight of water, also at a known temperature, and 
determining the temperature of the mixture which results. In an experiment of this 
kind, let T be the temperature to which the substance was heated, t the initial tem- 
perature of the water, and 0 the temperature of the mixture ; and let the weight, in 
grammes, of the substance be and the weight of the water, to. Then it is plain 
that the heat which the substance has given out in cooling from T° to 0° is the same 
as that required to heat the water from t° to 0°. Calling the hitherto unknown specific 
heat of the substance x, we shall have for the former quantity of heat, the expression 
B)x, and for the heat taken up by the water (whose specific heat — 1), w{0 — t). 

Hence 

or to (0 — t ) 

x - W(T- ey 

The most accurate determinations of specific heat that have hitherto been published 
are probably those made by Regnault (Ann. Ch. Phys. lxxiii. 5 ; Ibid. [3] i. 129; 
ix. 322; xxvi. 261 and 268; xxxviii. 129 ; xlvi. 257; lxiii. 5), by the method of 
mixtures. Fig. 630 (see p. 26), which is copied from his luteet memoir on this subject, 
shows the disposition of apparatus usually employed by this investigator. The sub- 
stance to be examined is contained in a basket of fine brass wire, M, suspended in the 
middle of an upright cylinder, A, of thin metal. This cylinder is surrounded by a 
larger concentric cylinder, B, and this again by a third cylinder, C. By the ebullition 
of water in the boiler, V, the annular space between A and B is kept constantly full of 
Bteam, which passes thence through the openings, o o, near the top of B, into the outer 
annular space comprised between B and 0, and hence by the waste-pipo ef to the con- 
denser G, and so back to the boiler. That portion of the steam which is liquefied in 
the cylinders B and C, returns to the boiler m the form of water by the pipe c. The 
temperature of the substance in M is shown by the thermometer T, the bulb of which 
occupies a cylindrical space left for the purpose in the middle of the basket of brass 
wire. The water into which the substance is to be plunged is contained in the calori- 
meter H, a small vessel of very thin and highly polished brass, supported upon three 
points, and carried by a foot which slides along a groove, so that, by a rapid and smooth 
motion, it can be brought directly under A, or removed to the farther side of the 
sliding screen, pp\ so as to be protected from the influence of heat given out by the 
heating apparatus C. When m its place under A, the calorimeter is protected from 
heat radiated by the boiler by the double screen D, between the two coatings of which 
a continual circulation of cold water is kept up. The temperature of the calorimeter 
is indicated by the thermometer t , the bulb of which is long enough to reach from 
just below the surface of the water to very near the bottom. 

At the commencement of an experiment, the calorimeter is drawn back outside the 
screen pp\ and the basket containing the substance to be examined is suspended in the 
middle of the cylinder A by a silk thread, the cylinder itself being closed at top and 
bottom by hollow plugs to prevent loss of heat, one of which is shown in its place at 
the upper part of the figure. Steam from the boiler being allowed to circulate about A, 
the substance at M is gradually heated to nearly the temperature of boiling water. 
After, in general, about two hours, the thermometer T becomes stationary; bat, for 
greater certainty that the temperature of the substance is uniform throughout, tho 
heating is continued for at least another hour. The temperature of the water in the 
calorimeter is then observed by reading the thermometer t through a telescope, the 
temperature. °f the air being read off at the same time upon another thermometer. The 
calorimeter is quickly pushed under the heating apparatus; the plug at the bottom of 
the cylinder A is removed ; and by loosening the cork which supports the thermometer X 



IIEAT. 


the silk thread from which the basket M hangs ii liberate and HUs with its content! 
allowed to fell into the water contained in H. The calorimeter is again drawn back 
behind the screen PF, and the basket is moved about in the water by an assistant, 
while the observer watches through the telescope the maximum temperature indicated 


Fig, 530 . 



by the thermometer t. This maximum generally occurs one or two minutes after the 
immersion of the substance. Suppose that, in such an experiment, the following results 
Were obtained : — 


Weight of substance M grm. 

„ „ brass wire basket p grm. 

Temperature by thermometer T at moment of i m mersion . . 

Temperature by thermometer t at same moment . . . . t° 

Maximum temperature after immersion by thermometer t . 0° 

Weight of water in calorimeter, calorimeter and thermometer sup- 

J * it * . 


Specific heat of brass . . . . . . . . c 


SPECIFIC HEAT. 

Tluo, calling the required specific heat of the eahetanee C, n should hare 
M(\T- 9) + pc(T- 9) - J(9-t); 

or C - AftjZ. 9 _ £® 

M(T- 9) sr 


rr 


In giving the calculation in this very simple form, we are assuming that the con- 
stant A includes not merely the actual water in the calorimeter, but also the 44 water- 
equivalents ’* of the brass of which the calorimeter is composed, and of the glass 
and mercury composing the thermometer t, for these are all heated at the same time as 
the water, and to the same extent. If the weight of brass in the calorimeter were w t 
and the weights of glass and mercury in the thermometer t respectively to* and and 
if, further, the specific heats of brass, glass, and mercury be c, c, and c", the 44 water- 
equivalent” of the calorimeter (or the quantity of water which would require the same 
quantity of heat to raise its temperature one degree) would be we, and the 44 water- 
equivalent ” of the thermometer t would be tu’c + t o"c". Hence if a be the weight 
of actual water in the calorimeter, the calorimetric value of the whole quantity of matter 
to which the heat of the body under experiment is imparted will be : 


A = a + wc + w'o' + 10 * 0 *. 


The values of the several terms making up the whole value of A must obviously be 
determined by preliminary experiments. 

An additional correction, the value of which has also to be found by preliminary 
trials, is required to compensate the heating or cooling effect of the atmosphere upon 
the calorimeter and its contents during the course of an experiment. But as the 
difference between the two temperatures t and 0 of the calorimeter seldom exceeds 
4° or 6°, it is easy, by keeping the temperature of the instrument as much below the 
atmospheric temperature during the first half of tho experiment as it is expected to 
exceed it in the second half, to render the error introduced by atmospheric heating or 
cooling, very small indeed: in Itegnault's experiments, it amounted to only three or four 
hundredths of a degree, but was nevertheless carefully allowed for. 

By means of tho apparatus above described, the substanco under examination can 
never be heated quite to the boiling point of tho liquid in the boiler V, so that when 
tills is water, the temperaturo of the substance never rises ubovo 97° or 98°; but any 
other temperature that may bo desired can easily be attained by introducing into the 
boiler, in place of water, a liquid which boils at nearly the required temperature, and 
then raising or lowering its temperaturo of ebullition as much as may bo needed, by 
connecting the tube h i witli a large reservoir of compressed or rarefied air. 

In determining the specific heat of substances (such as phosphorus, for example) 
which could not bo heated without causing them to melt or else to undergo other 
alterations which would interfere with the accuracy of the results, Kegnault adopted 
an inverse process, and cooled them to a temperature considerably below that of the 
water in the calorimeter, and thus observed tho diminution in the temperature of the 
latter which resulted from immersing the cooled substances in it. Tho apparatus 
employed for producing and maintaining constant a low temperature, resembles 
to some extent the heating apparatus already described and figured. It consists of 
a central tube, in the middle of which is suspended the substance to be cooled, 
surrounded by two larger concentric cylinders. The space between the central tube 
and the next is partially filled with ether or some other volatile liquid, and the 
spaoa between this tube and the outside one is filled with air. By causing a rapid 
current of air to traverse the ether, its temperature is gradually lowered, and with 
an external temperature of 20° C. any temperature not lower than —12° can be 
maintained constant by properly regulating the flow of air ; the lowest temperature 
that can be obtained under similar circumstances, by employing sulphide of carbon 
Instead of ether is — 8°. By the use of liquid ammonia, any temperature between 
— 40° and —80° C. can be obtained. 

In order to apply the above method to determinations of the specific heat of liquids, 
they must be enclosed in tubes of very thin glass, nearly filled and hermetically 
closed. These tubes are suspended, like the basket M, in the centre of the tube A, 
and afterwards let down into the calorimeter. In calculating the result, allowance 
must of coarse be made for the heat imparted to the calorimeter by the tube. 

Another Apparatus which serves for the determination of specific heats is repre- 
sented in jig. 631. This apparatus, devised by Favre and Silbermann (Ann. Ch. 
Phys. [3] xxxvi. 33), consists of a glass globe, A, of about 1 litre capacity, in which 
are three openings. The first, b, admits a thin iron or platinum tube, closed at the 
lower end, about 1 inch (2$ to 3 centimetres) wide ana 4 inches (10 or II centi- 
metres) long, cemented at the top into the opening of the glass, and kept in its 
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place below by a piece of glass rod, one end of which is cemented against the nppe* 
side of the tube and the other end against the side of the glass globe. Within this 
tube, which is called the muffle, is placed another tube of very thin glass which 
serve# to contain the substances under experiment. This is held in its place by a 
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cork which surrounds its neck and fits tightly in the mouth of the muffle; it is 
surrounded bv about 100 gnus, of mercury, intended to facilitate interchange of heat 
between it and the muffle. t 

The second opening, c , carries a horizontal capillary tube, tt, about 500 millimetres 
lon£, divided into millimetres, and terminated at the farther end by a small funnel. 
This tube, which should be perfectly cylindrical, is cemented to the glass globe by 
marine glue, so that, when needful, it can be easily removed and cleaned. 

The third opening carries a steel piston, d , wliich, by moans of a screw, can be 
raised or lowered so as to increase or diminish somewhat the capacity of the globe. 

The globe itself is supported upon a thick ring of cork and enclosed in a bo* 
lined with wadding or swan’s-down, and surrounded by a double casing filled with 
water. It is filled with mercury, with the precautions necessary to exclude any trace 
of air, and the extremity of the column of mercury is adjusted by moving the steel 
piston, d, up or down, so as to be exactly at the zero point of the divisions of the tube. 
In using the instrument, the substance whose specific heat is to bo determined, 
it introduced at a known temperature into tho muffle, or into the glass tube inside 
it. The substance then parts with its heat to the mercury contained in the globe of 
the calorimeter, causiug it to expand, and the expansion read off on the tube tt is a 
measure of tho quantity of heat thus imparted to the mercury. In order, however, 
to compare the indications of this instrument with those of the water-calorimeter, it is 
needful to know the number of divisions of the tube tt which correspond to the effect 
of a unit of heat, or gramme-degree. For this purpose Favre and Silbermann 
graduated their instrument as follows: — A few scraps of platinum wire, and 4 or 5 
grammes of distilled water, are placed in a pipette of the form shown in Jig. 532. The 

pipette is heated over a spirit- 
lamp until the water boils, the 
flame being occasionally passed 
along the point a, so as to heat 
it sufficiently to prevent the con- 
densation of steam, and the drop 
of water is removeii&m the end 
by a piece of fflbar-paper, to 
that the steam Star have free 
issue into the airjpTthe moment 
of beginning the experiment. 

The lamp is then removed for an instant ; the ebullition ceases, and at the same 
moment the point of the pipetto is rapidly introduced to the bottom of the tube con- 
tained in the muffle, the pipette being simultaneously turned round through 180° 
about the axis ab. The lamp is then again brought near the pipette, and the cork 
which closes the upper end is removed, so that no steam may follow the water into the 
muffle. As soon as the mercury-column in tt has reached the extreme point, the 
temperature^ of the water is taken by a small and sensitive thermometer ; and the 
experiment is completed by weighing the glass tube with the water contained in it. 

If the weight of water be P, and the number of degrees through which its tem- 
perature falls after being introduced into the tube of tho muffle be T, the number of 
units of host imparted to tho calorimeter will be PT. If this quantity of heat 
causes the mercury to advance through N divisions of the tube tt, the amount of 
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expansion, C, 'expressed in the same divisions, corresponding to one unit of heat 
wffibe N 

c * FT 

Favre and Silbermann found that, in the instrument employed by them, one unit of 
heat caused the mercury to advance in ti by 0*3 millimetre. 

In determining the specific heats of liquid substances by means of this apparatus, 
they are introduced into the tube of tbe muffle by means of the pipette ah, in the 
manner already described in the case of water, the weight employed being determined 
after the experiment. 

Another method of ascertaining the specific heats of various substances consists in 
determining the quantity of ice which can be melted by the heat given off by a known 
weight of each while cooling through the same number of degrees. A known weight 
of the substance to be operated upon is heated to a determinate temperature, as 100°, 
and then placed in a cavity scooped out of a block of melting ice and covered by a 
second slab of ice. The temperature of the substance is thus brought down to 
that of melting ice, and a quantity of ice is melted— that is, a quantity of water 
is formed — proportionate to the quantity of heat which the substance gives out is 
cooling to this temperature. 

This method, however, though very simple both in principle and in execution, 
cannot be made to give very accurate results ; for there is great difficulty in determin- 
ing with exactness the quantity of water formed, and a small error committed here 
will introduce a large error into the estimate of the Quantity of heat given out by the 
body in cooling, since as will be seen hereafter, the quantity of heat needed to 
convert one part of ice into water would be sufficient to raise the temperature of 79 1 
parts of water one degree. 

A thirdmethod, called the method of cooling, was employed by Bulongand Petit. 
It consists in determining the length of time which the different substances to bo 
examined require in order to cool in a vacuum from one known temperature to another, 
each being placed, as nearly as possible, under identical circumstances. 

In order to realise the necessary conditions for determinations of this kind, the sub- 
stances to be examined are all reduced to an impalpable powder, and filled successively 
into tho same cylindrical silver vessel, gilded and highly polished externally, in the axis 
of which is the bulb of the thermometer by which tile progress of the cooling is to bo 
shown. The silver vessel, supported by tbe stem of the thermometer, is suspended in 
the middle of a large brass receiver, coated internally with lamp-black, from which tho 
air can be completely removed. This is immersed in water at 40° C., and when the 
thermometer inside the apparatus marks 35°, it is transferred to melting ice. Tho 
thermometer is now watched through a telescope, and the instants at which it marks 
20 Q , 15°, 10°, and 5°, arc noted. If all other circumstances were the same, tho time 
during which each substance underwent the same full of temperature, would be a mea- 
sure of the amount of heat given out in undergoing this change — that is, of tho specific 
heat of the substance; but Regnault, who submitted this method to very careful ex- 
amination (Ann. Cli. Phys. [3] ix. 327), found that it was impossible to obtain results 
of Any value by its application in the case of solid bodies : with liquids, for which tho 
SAine sources of error do not occur as for solid/;, it is capable of giving much more exact 
results. 

The difficulties attendant on the exact determination of the specific heats of gases and 
▼apours are very much greater than in the case of solids and liquids. An extensive 
wriea of experiments on this subject has been made by Regnault HVlAni. da T Acad, dos 
Sciences, xxvi. 41 ) with elaborate care, the principle of his methoa being to observe the 
alteration of the temperature of water, surrounding a spiral tube, caused by the passage 
through the tube of a known quantity of gas which enters and issues from it at known 
temperatures. A description of the apparatus employed in these researches and of the 
methods of experimenting would occupy too much space to admit of its being given 
here ; we mnst therefore refer for details to the paper already quoted. (A figure of 
the Apparatus and a tolerably full account of the method of experimenting are also 
given in Da gu in’s Traitkde Physique, 2nd edit. ii. 275-280.) The principal results 
obtained are enumerated below (p. 35). 

In the following Table are given the specific heats of a considerable number of the 
elementary bodies, accoriling to the results obtained by Regnault by the method of 
mixtures. When the specific heat of tho same element has been determined by him 
several times, the most recent result is given in the Table. The third column gives the 
temperatures between which the specific heats given in the second column were observed; 
the numbers contained in the fourth and fifth columns will be referred to presently. 
The specific heats of tho gaseous elements are not included in this table, but will be 
found in a subsequent one, together with the specific heats of some other gases (seep. 35). 
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Tattle of Specific Heats of the Elements, 


Lithium . 

Sodium 
Magnesium . 

Aluminium {sp. heat correctec 
for 2 p. c. iron impurity) 
/liquid 

Phosphorus j so ^ 

l amorphous 
Sulphur (recently melted) 
Sulphur (native) . 

Potassium . 

Manganese (containing a ) 
trace of silicon) . j 

Iron 

(specimen 1.(1840) 
Nickel - „ 11.(1859) 

„ III. (1859) 
specimen 1.(1840) 
Cobalt • „ II. (1859) 

„ 111.(1859) 

Copper .... 

Zinc 

Arsenic .... 


Selenium 


Molybdenum (impure) . 
Rhodium | specimen ^1. 

Palladium , 

Silver .... 
Cadmium (containing 1 per] 
cent, impurity) . . j 

Tin 

Uranium (impure) 

Antimony , 

Iodine 

Tellurium . 

Tungsten . 

Gold ' 

Iridium .... 
Platinum .... 
Osmium .... 

Mercury jj? 1 ^ ; ; • 

Thallium 3 aecordin g to Lamy 


( Nvcod charcoal 
graphite 
diamond 

Sili ™ ISa lU80d : 














SPECIFIC HEAT OF INORGANIC COMPOUNDS. SI 


The follow fug short table gives the specific heats of a few substances which require 
to be taken into account in calculating the results of the experiments from which the 
numbers in the foregoing and subsequent tables are deduced:— 


Name of Substance. 

Brass 
Glass . 

Oil of turpentine F ’ 
Water 


Specific heat. 

. 009391 

. 0 19768 
. 0*42593 

. 1-00800 


Temperatures between which 
the specific heat was observed. 

98° and 12° 

. 99 „ 14 

98 „ 15 

. 98 „ 13 


Numerous determinations have been made by Regnault of the specific heats of inor- 
ganic compounds. A selection from his results, sufficient to show tneir general nature, 
is given in the next table. The temperatures between which the determinations were 
made are not given in the table, but were in all cases a temperature approaching 
100 c C M and a temperature near that of the atmosphere. In the case of substances 
which are soluble in water, or capable of being chemically acted on by it in any way, 
the calorimeter was filled with oil of turpentine. The different substances enumerated 
in the table are arranged in groups according to their chemical composition. 


Table of Specific Heats of Inorganic Compounds. 


Name of Substance. 

Formula. 

Specific heat. 

Molecular 

weight. 

Product of 
»p. heat 

X mol. 
weight. 

A.— Diatomic Molecules. 





1. Oxides 

MO 




Protoxide of lead (fused) . 

PbO 

0-05089 

223 

11-35 

Oxide of mercury 

HgO 

*05179 

216 

11*19 

Protoxide of manganese . 

MnO 

*15701 

71 

11 16 

Oxide of copper 

CuO 

■14201 

79'5 

1119 

Oxide of nickel (calcined) 

NiO 

•15885 

74-7 

11-87 

Magnesia. .... 

MgO 

*24394 

40 

9 76 

Oxide of zinc .... 

ZuO 

•12480 

81 

10 11 

2. Sulphides .... 

MS 




Protosulphide of iron 

FeS 

•13570 

88 

1.1*04 

Sulphide of nickel . 

NiS 

•12813 

907 

11-62 

,, cobalt 

CoS 

•12512 

90-7 

11*36 

„ zinc . . . 

ZnS 

-12303 

97 

11*03 

„ lead 

PbS 

■05086 

239 

1215 

tr mercury . 

HgS 

•05117 

232 

11*87 

Stannous sulphide . • 

SnS 

•08375 

150 

12-56 

3. Chlorides .... 

MCI 




Chloride of lithium . 

LiCi 

•28213 

42-5 

11*99 

,, sodium . 

Nu(T 

•21401 

585 

12-52 

„ potassium 

KOI 

•17295 

74 -5 

12-88 

„ silver 

AgCl 

•09109 

143*5 

1307 

Mercurous chloride 

. HgCI 

•05205 

235*5 

12-26 

Cuprous „ 

Cu< >1 

•13827 

990 

13-69 

1 4. Bromides .... 

MBr 




Bromide of potassium 

KBr 

*11322 

119 

13-47 

„ silver 

AgBr 

•07391 


13*90 

„ sodium . 

NaBr 

•13842 


14-26 

5. Iodides 

MI 




Iodide of potassium . 

KI 

*08191 

166 

13*60 

Iodide of sodium 

Nal 

*08684 

150 

1303 

Mercurous iodide . 

Hgl 

•03949 

327 

12-91 

Iodide of silver 

Agl 

•06159 

235 

14*47 

Cuprous iodide + 

Cul 

*06869 

190-5 

18*09 

B.— Tbiatomic Molecules. 





1 . Oxides ..... 

MO* 




Stannic oxide .... 

SnO* 

•09326 

150 

13*99 
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Table of Specific Heats of Inorganic Compounds — continued* 


Name of Substance. 


Formula. 


'm atomic Molecules continued- 
Titunic anhydride (artificial) 

„ „ (rutile) 

S licic anhydride 
Intermediate oxide of antimony 

2. Sulphides 
Iron pyrites 
Stannic sulphide 
Disulphide of molybdenum 

3. Chlorides 
Chloride of barium . 

,, strontium 

„ calcium . 

„ magnesium 

,, mercury 

„ zinc 

„ lead 

„ manganese 

Stannous chloride 

4. Iodides . 

Iodide of lead . 

„ mercury . 

C. — Tetratomic Molecules. 

1. Oxides . 

Tungstic anhydride 
Molybdic anhydride 

2. Chlorides 
Chloride of arsenic 
Trichlorido of phosphorus 

D. — Pent atomic Molecules. 

1. Simple oxides 

Alumina ! con ™ ll,m 
i sapphire . 

Specular iron . 

Arsenious anhydride 
Oxido of chromium . 

,, bismuth 
„ antimony . 

2. Mixed oxides . 

a. Nitrates. 

Nitrate of potassium 
>, sodium 

» silver 

5. Carbonates. 

Iceland spar 

Carbonate A ™g°nUe 
of calcium ' ^-charoid marble . 

’» ». grey 

white chalk 
Carbonate of barium 
„ strontium 

„ iron 

3. Sulphides 
Sulphide of antimony 

„ bismuth 

4. Chlorides 
Stannic chloride 
Chloride of titauium 


TiO * 

SiO* 

SbO* 

MS* 

FeS* 

SnS* 

MoS 2 

BaCl* 

SrCl* 

CaCl 2 

MgCl* 

HgCl* 

ZnCl* 

PbCl 2 

MnCp 

SnCP 

MP 

Pbl 2 

Hgl* 


MO* 

WoO* 

MoO* 

MCI 8 

AsCl 3 

PCI* 


M 2 0* 

A1 2 0» 

Fe 2 0* 

As 2 0* 

Cr*0* 

Bi*0* 

Sb*0* 

MNO* 

NKO* 

NNaO* 

NAgO* 


CCaO 1 


CBaO* 

CSrO* 

CFeO* 

M*S> 

Sb 2 S* 

BPS* 

MCI* 

SnCP 

TiCP 


/ Specific heat. 


! Molecular I gp. helt* 
weight. I x mol . 

weight. I 


i 0-17164 
•17032 


82 


’ 14-07 
) 13-97 


‘19132 

/ 60 

/ 11-48 

-09536 

154 

14-70 

-13009 

120 

1 15-61 

-11932 

182 

21-72 

•12334 

160 

1973 

*08957 

208 

18-63 

•11990 

1586 

1902 

•16420 

111 

18-23 

•19460 

95 

18-49 

■06889 

271 

18*67 

*13618 

136 

1 18-52 

•06641 

278 

18*46 

*14255 

126 

17-96 

■10161 

189 

19 20 

•04267 

461 

19-65 

■04197 

454 

1907 

•07983 

232 

18 52 

■13240 

144 

19 07 


•17604 

•20922 


•19762 

•21732 

•16695 

•12786 

■17960 

■06053 

•09009 


•23875 

•27821 

14352 

•20858 

•20850 

•21585 

•20989 

•21485 

•11038 

•14483 

*19345 

•08403 

•06002 

14759 

T9145 


1815 

1375 


103 

160 

198 

153 

468 

292 


101 

85 

170, 


100 


197 

147*6 

116 

340 

516 

260 

m 


31P5 

28-77 


{ 20*35 
} 22-38 

26- 71 
23 01 

27- 47 

28- 33 
26*31 


24*11 

23*65 

24*39 

20-86 

20- 85 

21- 58 

20- 99 

21- 48 
21-74 
21-38 
2244 

28*57 
30 97 

38-37 
36 76 
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TMt qf Specific Beau qf Inorganic Compound* — continued. 


Name of Substance. 

Formula. 

Specific heat 

Molecular 

weight. 

Product of 
•p. heat 

X mol. 
weight. 

E. — Hbxatomio Molecules. 





1. Sulphates .... 

SMO 4 




Sulphate of barium . 

SBaO 4 

0 1 1285 * 

233 

26-28 

„ strontium 

SSrCM 

•14279 

1836 

26-36 

„ calcium . 

SCaO 4 

• 19656 

136 

| 26*73 

,, lead 

SPbO 4 

* 08723 

303 

26-43 

„ magnesium . 

SMgO 4 

*22 169 

1 120 

26*59 

1 2. Carbonates 

CM*0* 




Carbonate of potassium . 

CK 3 0« 

•21 G‘23 

138 

29 84 

„ sodium 

CNa 2 0* 

*27275 

106 

28*91 

F. — Hept atomic Molecules. 





1. Sulphates .... 

SM 2 0 4 




Sulphate of potassium 

SK a 0 4 

•19010 

174 

3308 

„ sodium . 

SNa 2 0 4 

•23115 

142 

32>82 


For a numerous series of determinations of the specific heats of tho isomorphous 
sulphates of the magnesian group, see Pape (Pogg. Ann. exx. 337). 

With regard to alloys of two or more metals, Kognault found that, at temperatures 
considerably removed froqa their melting joints, their specific heats are the means of 
the specific heats of their components. In the following table, the values given in 
the column headed “ Calculated Specific Heats ” are obtained by multiplying the 
specific heat of each constituent into the percentage amount of it contained in tho 
alloy, and dividing the sum of all these products for each alloy by 100; theso values, 
therefore, would exactly represent tho specific heats of the respective alloys if tho 
above rule were rigorously true ; the correspondence between t hem and tho results of 
direct observation is sufficient to show that the rule is, at least, a close approximation 
to the truth. 


Specific Heat of Alloys. 


Composition of Alloy. 

Observed specific 
heat. 

Calculated specific 
heat. 

1 at. lead + 1 at. tin 

0-04073 

0-04039 

1 ,, + 2 at. tin . 

■04506 

•04461 

1 , t< + 1 at. antimony 

1 at. bismuth + 1 at. tin .... 

03880 

•03883 

*04000 

*03987 

1 r* + 2 at. tin . ... 

•04604 

•04415 

1 »» +2 at. tin + 4 at. antimony . 

1 „ +2 at. tin + 1 at. antimony 

04621 

*04564 

+ 2 at zinc 

•05657 

•05479 


In the case of alloys which, at the temperature of observation, were approaching 
their melting points, the observed specific neat was always considerably higher than 
that calculated as above. 

The specific heats of a few liquids are included in the tables already given (pp. 30 
and 32) : we append here the results obtained by Person (Ann. Ch. Phys. [3] xxi. 
333; xxiv. 136), H. Kopp (Pogg. Ann. lxxv. 98) and Favro and Silbermann 
rend, xxiii. 624 ; also Ann. Ch. Phys. [3] xxxvii. 464-470) for some 
additional liquids, simple and compound. Favre and Silbermann's experiments were 
ma<to by c oolin g the liquids in the mercurial calorimeter (p. 28), from their respective 
boiling points to temperatures nearly equal to that of the surrounding atmosphere. 
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Specific Heats of Liquids. 


'Lead . 

Sulphur . • 

Bismuth . . 

Tin . . . ' 

Crystallised chloride 
cium 

Nitrate of sodium 
| Nitrate of potassium 
Mercury 
Iodine 
Bromine 
Sulphuric acid 
Wood-spirit 


Fusel-oil 


Temperature. 

350° to 450° 
120 „ 150 
280 „ 380 
250 „ 350 

33 „ 80 
320 „ 430 
350 „ 435 
44 „ 24 

*45 *, 11 

46 „ 21 

43 „ 23 


Specific heat. 


Ethal *5059 

Ether *60342 „ 

Formic acid . . . 45 „ 24 *536 Kopp 

Acetic acid . . . 45 „ 24 ’509 „ 

Butyric acid . . . 45 „ 21 ‘503 „ 

Formate of ethyl . . . 39 „ 20 *513 „ 

Acetate of methyl . . 41 „ 21 *507 „ 

Acetate of ethyl . . . 45 „ 21 *496 „ 

*48344 F. S. 

Butyrate of methyl . . 45 „ 21 *487 Kopp 

*49176 F. S. 

Valerate of methyl . . 45 „ 21 *491 Kopp 

Acetone . . . . 41 „ 20 *530 „ 

Benzene .... 46 „ 19 ’450 „ 

Oil of mustard . . . 48 „ 28 *432 „ 

Oil of turpentine . ... *46727 F. S. 

The specific heat of water at different temperatures has been determined by 
Regnault (M6m. Acad. Sciences, xxi. 729) from whoso experiments it appears that 
the quantity of heat expressed in heat-units which one gramme of water loses in cooling 
down from t° to 0° C. is given by the formula, — * 

Q = t + 0*00002 £ + 0*0000003 **; 

and the specific heat C at the temperature t° % that is to say, the quantity of heat 
required to raise one gramme of water from tP to (t + 1)°, by the formula, — 

C = 1 + 0*00004 t + 0*0000009 
From this formula, the following numbers are obtained : 




The specific heat of ice is considerably less than that of liquid water. According 
to Regnault 1 s experiments, it is 0*474 between —78° and 0° C., and 0*604 between 
—*20° and 0°, according to the experiments of Person and of Desains. 

It results from Regnault' s determinations of the specific heats of gases and vapours, 
made in the manner already mentioned (p. 29), that the specific heat of a given 
wight of a gas which obeys Boyle’s law (Gases, ii. 820) does not alter with variations 
either of temperature or of pressure. Tins was found to be true of atmospheric air 




•SPECIFIC HEAT OF GASES. 35 

tetvfeen the temperatures of — 20° and + 225°, and at pressures varying from 1 to 
12 atmospheres. Consequently the specific heat of a given volume of air, or other 
non-condensable gas, varies directly as its density. In cases which do not follow 
Boyle’s law, this regularity does not exist : thus the specific heat of carbonic anhydride 
r is found to increase perceptibly as its temperature rises, being 0-1 8427 between — St)° 
slid 10°, and 0’20246 between 10° and 100°, and 0-21692 between 10° and 210 °, as 
compared with that of an equal weight of water. 

The following table gives the specific heats of the various gases and vapours 
examined by Kegnault, compared, first, with an equal weight of water taken us 
unity, secondly, with that of an equal volume of air referred as before to its own weight 
of water os unity. The latter series of numbers is obtained by multiplying the numbers 
expressing the specific heats of equal woights of the various gases or vapours, by their 
respective densities referred to that of air as l . 

Table of Specific Heats of Gases and Vapours . (Regnault.) 


Specific heats. 


* 

Equal weights. 

*Rqual volumes. 


/Air . 




0‘2374 

0-2374 


Oxygen . 




•2175 

•2405 

Simplo or 

Nitrogen . 




•2438 

•2368 

mixed gases 

Hydrogen . 




34090 

•2359 


Chlorine . 




*1210 

•2965 


.Bromine 




■0555 

•3040 


'"Nitrous oxido . 




•2262 

■3447 


Nitric oxido 




•2317 

•2406 


Carbonic oxide . 




•2150 

•237D 


Carbonic anhydride 




•2163 

•3307 

Compound 

; Sulphurous anhydrido 



•1544 

•3414 

gases . 

Hydrochloric acid 




•1852 

•2333 

Sulphydric acid . 




•2432 

-2857 


Ammonia . 




•508 i 

•2996 


Marsh-gas 




■5029 

*3277 


Olefiant gas 




•4040 

•3907 


'Water 




*4805 

•2989 


Sulphido of carbon 




•1569 

•4122 


Alcohol 




•4534 

*7171 


Met hylic alcohol 




•4580 

•6063 


Ether 




*4797 

1-2267 


Chloride of ethyl 




•2738 

•6096 


Bromide of ethyl 




•1890 

•7026 


Sulphide of ethyl 




•4008 

1-2466 

Vapours 

Cyanide of ethyl 
Chloroform 




•4262 

•1567 

•8105 

•6461 

Chloride of ethylene 




•2293 

•7836 

; 

Acetate of ethyl 




•4008 

1-2184 


Acetone 




•4125 

•8264 


Benzene 




*3754 

10114 


Oil of turpentine 




•5061 

2-3776 


Trichloride of phosphorus 



•1347 

•6396 


Chloride of arsenic 

. 



•1122 

■7034 


Chloride of silicon 




•1322 

*7778 


Stannic chloride 

. 



*0939 

•8416 


.Chloride of titanium 




•1290 

•8564 


i 


Comparing these values with those given for some of the same substances in pre- 
vious tables, it appears that the specific heat of the same body is commonly greater 
in the liquid than in the solid state, and always less in the gaseous than in the liquid 
state. 

On examining the numbers above given for the specific heats of different bodies, it will 
be seen that the specific heat of a substance is not altogether an absolute and un- 
property : on the contrary, it will be evident that this property, in one 
and the same substance, is capable of considerable variation, depending. ( a ) on the 

d 2 
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phyiical strnefuM of the anbstanee, (*) on its temperature, M oh ite Mate of aggrega. 
tion. In illustration of this remark, it will be sufficient to reffer to the specific heats of 
carbon, silicon, selenium, sulphur, phosphorus, alumina, and carbonate of calcium, as 
giyen in the foregoing tables, in evidence of the influence of differences of physical 
condition; to the specific heats of lend , phosphorus, wafer, and ice, in evidence of the 
effect of differences of temperature ; and to those of bromine, mercury, tin, lead, bismuth, 
water, &c., in the solid and liquid states, in evidence of the effect of the state of aggre- 


In reference to the connection between specific lient and temperature, it may be 
remarked that this property varies to a greater extent, for a given interval of tempe- 
rature, near the temperatures at which changes in the state of aggregation occur, 
than at a distance from those temperatures. Thus, the specific heat of lead, an easily 
fusible metal, is considerably greater between 10° and 100° C. (=0-0314) than it is 
between 10° and —78° C. ( = 0*0306); and that of phosphorus, a still more fusible 
substance, shows even a greater difference when compared between 10° and 30? 
(specific heat = 0-1887) and between —71° and 10° C. (specific heat = 0-1740); 
while the specific heat of platinum, one of the most infusible of all the metals, varies 
to a scarcely perceptible extent at temperatures below 100° C., and only slowly at 
temperatures considerably higher. The mean specific heat of this metal between 0° C. 
and the temperatures enumerated below, was in fact found by Pouillet to be repre- 
sented by the numbers contained in the second line of the following table. 


Specific Heat of Platinum. 


Interval of temperature 

0° ami 1 00° 

0° and 3000 

oo and 500° 

0° and 700° 

0® and 1000° 

0° and 1200° 

j Mean specific heat . j 

0*0335 | 

0 03434 | 

0-03518 

4 

0*03602 

! 0 03728 

0*03 -08 


The specific heat of solid bodies therefore increases with rise of temperature, up to 
their melting points, and at this temperature there is generally a further sudden 
increaso of specific heat of a considerable amount. 

It may be further noticed that in the table of tlio specific heats of the elements 
(p. 30), the elements are arranged nearly in the order of their specific heats, beginning 
with lithium (specific heat ** (>’941) and ending (if we disregard for the present the 
three elements carbon, boron, and silicon, which are placed together after the rest) with 
bismxith (specific heat 0*031) ; and that this order is also exactly the inverse order of their 
atomic weights, as given in the fourth column, the atomic weight of lithium ( = 7) 
being loss than that of any other element included in the table, and that of bismuth 
(«* 210) being greater than that of any other element. In fact, not only do those 
elements whose atomic weight is lowest possess, as a rule, the greatest specific heat, 
and vice versfi, but the specific heats of the elements (in the solid state) are, within 
comparatively narrow limits, inversely proportional to their atomic weights, when 
these. are taken as having tho values given in the fourth column of the table; so that 
tho product of tho specific heats of the elements into their atomic weights is nearly a 
constant quantity ; as shown by the numbers in the fifth column of the table. These 
numbers may bo taken to represent the Atomic heats of the elements, or the relative 
quantities of heat which must bo imparted to, or removed from, atomic proportions of 
the several elements, in order to cause in them equal alterations of temperature. Tho 
table shows that tho atomic heats of the elements are not represented by an absolutely 
constant quantity; but when it is considered that the two faetors (atomic weight and 
specific heat) of which they arc made up, vary in the proportion of 1 : 3Q* it cannot be 
domed that thtvfnre comprised between comparatively very narrow limits! for (taking 
those determinations only which refer to comparable conditions of thfAfrreral elements, 
nrnl which there is reason to believe were made upon nearly pure suj|Bknces) we find 
that they ere nearly all included between 6*9 (aluminium, rhodium) -And 6*9 (iodine), 
the greater number not differing much from 6*5. (The high atomic heat of uranium, 
7 4, is doubtless to be explained by the impurity of tho metal operated upon.) The 
general accordance is amply sufficient to indicate the existence of a general law, 
although the individual results show the effect of some one or more disturbing causes. 
And even if it be admitted that the true atomic heats of the elements under considera- 
tion are really identical, under comparable circumstances, there are several reasons why 
the experimental atomic heats, deduced like those in the foregoing table, cannot be 
expected to exhibit the same identity. The most important of these reasons are: the 
unavoidable experimental efrors attaching to the determination of the specific heats ; 
the imperfect, purity of some of the elements examined ; the circumstance that, although 
most of the determinations were made at nearly the same absolute temperatures — namely, 
between a temperature near 100? and that of the atmosphere — the different elements 
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are not, in regard to their specific heats, under comparable circumstances at these 
temperatures, some being much nearer to their melting point than others, and 
therefore having in general relatively higher specific heats (see p. 36); lastly, 
in a few cases, the uncertainty of the experimental data used in fixing the atomic 
weights. 

The relation of approximate equality among the atomic heats of the elements exists, 
however, only when their atomic weights are allowed to have the values given in 
the table: these values are in very many cases the doublo of those -given in the 
table of atomic weights, vol. i. pp. 4 64, 465 , and employed in the first edition of 
this work. If the latter scaIo of atomic weights be adopted, the elements would hare 
to be divided into two classes: those whose atomic heat is approximately 6 5, and 
those whose atomic heat is approximately 3'2. The fact that, by doubling the atomic 
weights of the latter class of elements, their atomic heats would be brought into 
harmony with those of the former class, is in itself a strong argument in favour of 
such a change; and by reference to the articles Atomic Weights (i. 468-473) and 
Classification (i. 1008, 1009, foot-note) and the article Atomicity in the Supplement, 
it will be seen that it is supported by many other considerations, both chemical and 
physical. In any case it is certain that the numbers in tho column headed “Atomic 
Weights," in the table on p. 30, represent quantities of the various elements which 
are calorimetrically comparablo ; and it is therefore best to assume those numbers as 
really representing those weights of the elements which, in relation to the phenomena 
of heat, possess tho properties of atoms. Whether tho chemical atoms of the elements 
are always identical with the calorimetric atoms, is a question that is perhaps still 
open to discussion. 

It is very important, however, not to overlook tho fact that the atomic heats of 
boron, carbon, and silicon form unquestionable exceptions to tho general rule, and can* 
not be brought into harmony with it, by the adoption of any atomic weights to whiclf 
the present state of chemical knowledge lends any serious support. 

The examples which have been given (pp. 31-33) of the specific heats of compound 
bodies, show that, within certain classes of allied compounds, the same kind of relation 
subsists between their specific heats and molecular weights, as has been pointed out 
between the specific heats and atomic weights of tho elements. Consequently, th» 
molecular heats of tho substances comprised in each such class, or the products of thoii 
specific heats into their molecular weights (see the last column of tho table), are 
approximately equal. In Calculating these molecular hoats, the atomic weights of the 
elements are taken as having the values which may be deduced from their specific 
heats ; those values, namely, which are given in the previous table. Adopting these 
atomic weights, it will bo seen that, as a rule, the molecular heat of solitf compound 
bodies increases with tho number of atoms contained in their molecule. For instance, 
tho molecular heat of the oxides MO enumerated in tho table averages about 1 1 ; 
that of the oxides MO 1 , about 14; that of the oxides MO 2 , about 19; that of tho 
oxidos M*0*, about 25*5. 

An extensive aeries of determinations of the specific heats of solid bodies has been 
made by H. Kopp, but the individual results have not yet been published (1864) ; we 
Khali, therefore, instead of discussing any*further the relations betwoen specific heat 
and chemical composition which might be deduced from Regnault’s experiments already 
given, reproduce here the substance of the remarks which Kqpp (Ann. Ch. Pharm. 
exxvi. 362), with his own results before him, makes upon this subject. 

This new investigation has brought to light a considerable number of additional 
examples of solid compounds which, having an analogous atomic constitution, possess 
also approximately the same molecular hoat. Among these, particular interest 
attaches to the case in which an analogy of constitution is apparent only when the 
atomic weights of tho elements aro admitted to have the values assigned to them in 
the foregoing tables, and where the formulae previously adopted and the old atomic 
weights of the elements would never have caused any such relations between specific 
heut and molecular weight to be suspected. Just as the molecular heats of carbonates 
and silicates, M"CO* and M'^iO 1 , and of nitrates and chlorates, MNO* and MCIO*, 
are approximately equal, so also are the molecular heats of tho permanganates and 
perchlorates, MMnO* and MCIO 4 , and of the sulphates and chromates, M"*SO* and 
M CrO*! The new investigation, however, also furnishes some additional examples 
to the previously known exceptions to the general rule, and , thus supplies further evi- 
dence of the fket that it is possible for bodies of analogous constitution to differ 
considerably in their molecular beats. 

The molecular heat of a compound appears to be governed only by its empirical, 
and not by its rational constitution. Analogous compounds, in one of which a complex 
group occupies the place of an elementary atom, were found, even when isomorphous, 
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to have unequal molecular heats ; thus the molecular heats of the ammonium-com- 
pounds are considerably greater than those of the corresponding potassium-compounds, 
and those of the cyanogen -compounds exceed those of tne chlorine-compounds. 

The atomic (or molecular) heat of any body which is contained in a compound, or 
may be assumed as one of its constituents, may accordingly be ascertained indirectly, 
by deducting from the molecular heat of the compound that of .whatever other con- 
stituents it contains in addition to the body in question. For instance, if we deduct 
from the molecular heat of a compound of the form M r, M"0 4 (chromate of lead, 
tungstate of calcium, &c.) — which, it may bo remarked, is twice as great as that of 
compounds of the form M‘'0 2 (stAnnic oxide, titanic anhydride, &c.)— the molecular heat 
of the base M"0, we get as remainder the molecular heat of the anhydrous acid M T, 0* ; 
and the same remainder is obtained by deducting, from the molecular heat of acid 
chromate of potassium, KKV-’O 7 , that of the neutral chromate, K 2 CrO\ Again: 
the molecular heats of hydrated compounds admit of being regarded as made up of 
the molecular beat of the respective anhydrous substances, together with that of the 
water contained in them in the solid form. 

Such indirect determinations of the atomic heat of a substance are nevertheless 
somewhat uncertain : not only because it occasionally happens that analogous com- 
pounds, which thero is overv reason to expect would possess equal molecular heats, do 
nevertheless, according to the experimental determinations of their specific heats, show 
import ant differences in their molecular heats ; but also, and more particularly, because 
the total uncertainty attaching to the determination of the molecular heat, both of the 
original compound and of the element or group which has to be deducted from it, is 
accumulated upon the relatively small remainder. Hut when such inferential deter- 
minations are made for whole series of corresponding bodies, and not merely for 
individual cust‘8, the results may bo regarded as sufficiently trustworthy to render 
such considerations as arise from them worthy of notice. 

This is especially the case wit h regard to the inferred specific and atomic heats of cer- 
tain elements. As already pointed out, nearly all the elements, when examined in the Bolid 
state, are found to have approximately the same atomic heat — on the average, about 6-4. 
It is now very generally admitted that this — the so-called law of Dulong and Petit — 
holds good for all the elements, and a scale of atomic weights of the elements is con- 
sidered as satisfactorily established if the products of these atomic weights into the 
specific heats are nearly equal. In the case of some elements, however, it results, 
belli from the older determinations of their specific heats and from Kopp’s newer 
determinations, that this rule is inapplicable; for example, the specific heats of 
carbon, boron, and silicon, are such, that the products, obtained by multiplying them 
into the respective atomic weights — when any values are adopted for these which can 
possibly be deduced from chemical considerations — are always decidedly smaller than 
the corresponding products in the case of other elements whose specific heats in the 
solid state can be investigated. 

But these exceptional or accidental results acquire additional interest when taken in con- 
nection with the conclusions which may be drawn from the molecular heats of compounds. 
Compounds of those elements which obey Dulong and Petit’s law exhibit a regularity 
in their molecular heats ( A . If.) : such, namely, that th^ are as many times greater 
than that of an element, as there are elementary atoms contained in the respective 
A H 

compounds (that is to say, — - = 6*4 nearly, if n denotes the number of elementary 

atoms in one molecule of each compound). This regularity appears, not only in alloys 
containing atomic proportions of different metals, but also in the metallic chlorides, 
bromides, and iodides (see table, pp. 31, 32), and has been found by Kopp io extend like- 
wise to compounds of which one molecule contains as many as se'wm, or evon nine, 
elementary atoms (such as ZnK 2 Cl 4 and PtK*Cl*). It is less distinMy recognisable 

in the case of the compounds of the metals with sulphur ( i# JBte usually less 

than C), and no longer exists for the metallic oxides, which, almost without exception, 
give for the quotient ~~ 7 ~' a number decidedly less than 6, and smaller in proportion 

as the number of oxygen-atoms exceeds that of the atoms of metal. For water, con- 
sidered of course in the solid state, this quotient is only about 3, and for the few 
organic compounds which Kopp has examined (such as tartaric acid and cane-sugar) it 
is still less. 

The fact that this regularity is absent in so many compounds admits of only ons 
explanation — namely, that they contain elements which, at least in these combinations, 
possess a different atomic heat from that which corresponds to Dulong and Petit’s law. 

It has often been assumed that the specific, and therefore the atomic, heat of an ele- 
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meat may be different in certain compounds from what it is in the free state, and that 
it may be different in one compound from what it is in another. But, according to 
Kopp, the only ground for such an assumption is that by means of it the calculated 
molecular heats of compound bodies can be brought into closer agreement with the 
results of experiment; for, as he remarks, the variations which the specific heat of an 
element must be supposed capable of undergoing when it enters into combination (if 
Dulong and Petit’s law he taken as applicable to all elements in the free state) are 
much greater than the variations, dependent on differences of physical condition, 
which have ever been actually observed in the case of an accurately investigated 
element. On the contrary, it appears that, in many compounds, the elementary atoms 
of which they are composed retain the atomic heats which belong to them in the free 
state ; and that, moreover, the atomic heats which can be indirectly calculated for 
certain elements, notwithstanding their disagreement with Dulong and Petit’s law, 
accord very closely with the atomic heats which result from the direct investigation of 
the same elements in the free state. Kopp accordingly maintains that — although these 
last-mentioned facts render the calculation of the molecular heat, and thence of tho 
specific heat, of compound bodies from the atomic heats of the elements much more 
difficult, and although they make the agreement between the results of calculation and 
those of direct observation much less complete — every element, when considered in 
the solid state, and at a temperature sufficiently removed from its melting poiut, 
possesses one essentially invariable specific heat, which it is true may vary somewhat 
with differences of physical condition — such as greater or less density, amorphous or 
crystalline structure, &c. — but not to such an extent as some of his determinations of 
specific heat would require, if Dulong and Petit’s law were really applicable to all the 
elements; and further, that the specific heat of each element in the free state is 
essentially the same as that which it possesses in its compounds. 

By deducting from the molecular heats of the various oxides the atomic heats of 
the metals contained in them, or by deducting from tho molecular heats of the oxygen- 
salts those of the groups which are therein united with oxygen (taking away from the 
molecular heat of KCIO*, for example, that of KC1, or from that of PbSO 4 the 
molecular heat of PbS), a remainder is obtained in every case which gives for the 
atomic heat of oxygen a number less than 6. For the reasons already stated (p. 38), 
the results thus arrived at do not agree so well as might be wished ; nevertheless, 
Kopp gives it as his opinion that the atomic heat of oxygen cunnot differ greatly 
from 4. 

AYhcm the molecular heats of the carbonates M 2 CO s and M"CO* are compared with 
the molecular heats of the oxides (M")*0* f = 3M"0) and (M ") 2 0*, the molecular 
lu nts of tho carbonates are found to be decidedly smaller (according to Itegnault's 
experiments, as given in the table, pp. 31-33, the molecular heats of tho carbonates 
M^C'O* and oxides 3M"0 are, on the average, about 29 4 and 32 85 respectively ; those 
of the carbonates M"CO a and oxides (M / ")*0 , f about 21 *7 and 26’5 respectively). Such 
comparisons show that the atomic heat of carbon in these combinations must be 
assumed to be about the same as that which has been directly found for free curbon 
in tho form of diamond; namely, 1*8. Similar comparisons applied to other elements 
lead likewise to the adoption of atomic heats which are much smaller than what 
would correspond to the law of Dulong and Petit : for instance, to the atomic heat 2’3 
(nearly) for hydrogen ; for boron, to a number lying between 2 and 3 ; for silicon, to 
4 (nearly); and for fluorine, also to a number which appears to be distinctly lees 
than 6*4. 

The specific and molecular heats of compound bodies calculated with the atomic 
heats thus arrived at for the elements, show, in very many cases, a very satisfactory 
degree of agreement with those deduced from direct experiment ; in many other cases, 
however, they show important discrepancies. But equal discrepancies may likewise 
be observed among the molecular heats of analogous compounds, such even as contain 
elements as corresponding constituents which, when examined in the free state, gave 
nearly equal atomic heats. Regnault not unfrequently found this difference amount to 
one-tenth of the molecular heats in question ; occasionally it was still greater. 

Kopp considers that the results of bis investigation confirm and widen the conclu- 
sion, already adopted by some philosophers, that Dulong and Petit’s law does not hold 
good for all the so-called elements in the solid state. For a particular group of elements 
U is undoubtedly true ; but if it is not a universal law, anu if there are some elements 

^hwh it certainly does not apply, it may be considered doubtful with regard to 
individual elements, whether they ought to be looked upon as agreeing with or as de- 
parting from it. This may be said to be the case with sulphur, for which Kopp's 
determinations, mado between 47° and the temperature of the atmosphere, give tbs 
atomic heat 5*2, nearly, which likewise agrees with the atomic heat of sulphur as 
indirectly deduced from the molecular heats of the metallic sulphides. 
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In general, the moJecuUr heat of a compound increases with its degree of complexity, 
or with the nvrmber of elementary atoms contained in one molecule, and this more 
especially in the case of such as contain only elements which follow Dulong and Petit’s 
law. Kopp points out that if the application of this rule be extended to the elements 
themselves, tne fact that a large proportion of them have nearly the same atomic heat ; 
may be taken as an indication that, whether they be absolutely simple substances or 
no, they are at least bodies of a comparable degree of complexity > while, on the other 
hand, the smaller atomic heats of some elements would seem to show that they are of 
a lower degree of complexity, or approach more nearly to truly simple bodies, than the 
rest. It would thus appear to be possible for a substance which can be proved to be 
compound, to have the same atomic heat as a so-called element: for instance, a per- 
oxide, XO, containing an element whose atomic heat was equal to that of hydrogen, 
namely, about 2*3, would have a molecular heat of about 2*3 + 4 ** 6*3, that is to 

* say, the same as that of chlorine, iodine, or the metals. 

With regard to the apparent improbability of two so-called elements, which are 
capable of mutually replacing each other in compounds, like hydrogen and the metals — 
or which even appear as corresponding constituents of isomorphous substances, like 
silicon and tin — having unequal atomic heats, it must be borne in mind that this is 
not in reality any more surprising or improbable than that an undecomposible substance 
and one known to be compound, such, for example, as hydrogen and peroxide of 
nitrogen, or potassium and ammonium, should replace each other in compound bodies 
without causing any alteration in their chemical characters, or should even be capable 
of appearing as corresponding constituents of isomorphous substances. 

It still remains to consider, rathor more particularly than has been done thus far, 
what it is that is measured under the name of the specific heat of solid, liquid, or 
gaseous substances, by the methods above described. 

In all these methods of measurement, the heat imparted to the various bodies does 
something more than merely raise their temperature : it causes at the Bame time, as 
will be seen by what follows, an expansion or increase of their bulk ; and when the 
bodies aro again cooled, they contract, or diminish in bulk, to an equal amount. 
Hence the specific heats, measured as above, are not, strictly speaking, the relative 
quantities of heat required to raise the teraporaturo of the various substances to the 
same extent, but the quantities required to do this, and at the same time to cause a 
greater or less increase of bulk. It is therefore a question for further investigation, 
what proportion of the total specific heat of a substance goes to raise its tempera- 
ture, and what proportion to cause it to expand, or possibly to modify it in other 
ways. 

The expansion which accompanies a given rise of temperature is inconsiderable in 
the case of solids and liquids, compared with that which takes place in gases ; blit it 
would be incorrect to conclude that the proportion of the total specific heat of solid, 
liquid and gaseous substances respectively, which is expended in causing expansion, is 
in proportion to tho amount of expansion actually produced in each case. On the 
other hand, ulthough no data exist which make it possible to form a very definite 
ostimute of tho ratio of the real specific heat to the total apparent specific heat of 
solids or liquids (see, however, p. 44), it is certain that they oppose a much greater 
resistance to any force tending to alter their bulk than gases do, and hence the com- 
paratively small amount of expansion which they undergo may require the expenditure 
of as much ot more heat than tho relatively great expansion which takes place in 
gases : thero is, therefore, no reason to believe that the ratio of the two specific heats, 
in the case of solid and liquid substances, is a magnitude of a different order from 
what it is in the case of gases, 

The ratio of the apparent to the real specific hoat of a gas, is ihe ratio of its 
specific heat under constant pressure (when, therefore, it expands as temperature 
rises) to its specific heat when kept at a constant volume. It is, of coJBle, the specific ** 
heat under constant pressure which is determined by the method already described 
(p, 29), and which is given for several gases in one of the preceding tables (p. 35). 
That tho specific heat of a gas kept at a constant volume is less than its specific heat 
undor a constant pressure, is obvious from the following considerations. Suppose a 
quantity oJtt&as to have had its temperature raised t°, while the pressure to which it 
Was oxjjroij)^^ Constant : the increase of temperature will have been accom- 
panied by s increase of volume. Now, suppose the gas to be com- 

* pHNBnd, so iHH>.‘its original bulk : the result of this compression will be 

to raise its tompeilBtatfs more. The gas will now be in the same condition as it 
would have been If tljjfcigame quantity of heat had been imparted to it without its 
being; allowed to it is evident that the same quantity of heat that, is 

required to raise of a given weight of gas t°, while the pressure 

remains constant, An^Bpfice to raise the temperature of the gas t + t' degrees if it 



BEAL AND APPARENT SPECIFIC HEAT. 41 

if kept Bt h constant volume . The specific heel, c\ corresponding to a constant 
pressure, is therefore to the specific beat, c, corresponding to a constant volume, as 
t + f to t. One gramme of air has its temperature raised 1° C when there is 
imparted to it 0*23^4 of a unit (gramme-degree) of heat, and it expands at the same 
time, if the pressure remains unaltered, by ^ of its bulb at 0° 0. Accordingly, if the 
elevation of temperature consequent on compressing a gas by gjg of its bulk at 0° be 
a°, it is evident that the ratio . 

1 + « £ _ k 

is the ratio of the specific heat under constant pressure to that at constant volume. 
Clement and Besormes found by direct experiments upon air the value 0*34° for a, but 
it is plain that the unavoidable loss of heat attending such experiments must cause 
the result to be too low. 

A less direct, but far more accurate means of determining the ratio k = — *, 

not only for air but for several other gases also, is afforded by the theory of the pro- 
pagation of sound. The velocity with which a wave-motion, such as that which 
constitutes sound, is propagated through a homogeneous medium whoso elasticity is 
the same in all directions, depends only upon the elasticity, e (see ii. 370), and the 
density, d, of the medium, according to the equation 



This expression, applied to the movement of a sound-wave through the air, becomes 

• - y? - y*?-' *(■*■». 

where g denotes the accelerating force of gravity (=» 9 808 metres « 32*18 feet); 
/f*^760 mm. = 29*92 inches; a the weight of 1 cub. cent. of mercury at 0°«= 13*596 grm.; 
8 the weight of 1 cub. cent, of air at 0° and under a pressure of 760 mm, mercury 
«= 0 001293 grm. ; t the temperature of the air, a its coefficient of expansion under 

constant pressure (=» 0*00367), and k the required ratio . Now the velocity of 

sound in air at 0° has been experimentally found to be = 333 metres, or 1092*6 feet 
per second ; hence the above equation gives 


333 




808 


x 0*76 x 13*596 
0*001293 


.k 


or k m 1-414. 

The physical reason for the presence of the magnitude k in the formula for the 
velocity of sound, is that that velocity, being dependent upon tho elasticityof the air, 
varies with every variation 'of tho elasticity, and that the alternate heatings and 
coolings, caused respectively by the alternate condensations and rarefactions which 
constitute the waves of sound, are equivalent, in their effect upon the velocity of 
transmission of the waves, to an increase in the elasticity of the air in the proportion 
of 1: k « 1; 1-414. 

In the above formula the magnitudes g, If, <r t , and a are all independent of the 
particular nature of the gas (at least in the case of perfect gases; for imperfect gases 
the value of a varies slightly), hence if v and o' represent the velocities with which 
sound traverses two different gases, s and »' their densities, and k and M the ratios 
of the two specific heats of each, we have 


o : 


-yw? 


or 



so that the ratio k' for any gas may be deduced from that of air, provided Ae density 
or the gas and the velocity with which it is traversed by sofihd are 
lienee the investigation of this ratio is reduced to ttat idflJvTfeiocities of 

, *n different elastic fluids. For any other gas tbap phnoM^fio aif, it is useless 
to think of measuring directly tho velocity of propagattoirilf-piMlWe ^weve ; reefrarse* 
must obviously be had to indirect means. The theory of wad instruments suggested 
A w “ich*ras first indicated and put in practice by (aHh&ltod Jacquin. This 
consists in making the same pipe, with a flute wgl H§r£ *>nnd successively 
w,Wl elastic fluids, supposed at the san e tempeiat|g^»- in determining 
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pitch of ten* given by each gas. Admitting that the fluid eolmnn »»tafo*d i„ the 
instrument exferieneei the same mode of subdivision in every cuse-that it com. 
flpondfl for example, to what is called the fundamental sound, or the gravest of all 
those which the theory of Bernouilli indicates for the same pipe, we easily come to 
know the length of a wave, and its duration m each elastic fluid ; and consequently 
the velocity with which a vibration would be propagated in each of them. . 

The Mowing table exhibits the results of Bulong’s researches on this subject 
( Ann . Ch.Phy8.xli. 113): 


I Names of the 

I elastic fluid*. ■ 

/ Tones given 
by the name 
pipe 60 
centim. long. 

/ Number of 
/ vibrations In 
a sexagesimal 
second. 

/ Tempera- 
ture by the 
centigrade 
therm. 

/ .Numbers 
/ adopted in 
jthe calcula- 
tion for the 
density of 
the fluid. 

Velocity t 
the props 
/ gation of 
Uound at 0°, 
\ deduced 

1 from the 
tone given 
by each 
fluid. 

ot j Ratio of the 
1 1 pec i fie heats 
/ at a constant 

7 pressure, to 
/ the specific 
heat at a con- 
stant volume. 

I -=*. 

Air . . . I 

Oxygen * 

Hydrogen . 

Carbonic an - ) 

• hydride ) 

Carbonic oxide 

Nitric oxido . 
Olefiant gas . 

ut x med. 

+ «_ 1 

“« 3 

sol-x 

tit 1 

sol j 

— si _ ! 

5004 
( 474*9 
\ 475*2 ■ 

l 474*5 
< 1883*6 

j 1881- 

( 393*18 
i 392*68 
] 501*3 
\ ■ 503*07 ] 
392*7 
466*9 

22 ° 

21 

17 

22 

20*5 

15 

20*5 

16 

1 

1*1026 

0*0688 

1*524 

0*974 

1*527 

0*981 

333 m 

317*17 

1269*5 

261*6 

337‘4 

261*9 

314 

1*421 
1*415 
1*417 • 
1*413 
1*409 
; 1*405 
1*357 

J 1*340 
( 1*423 
j 1*433 
1*343 
1*240 


The slight differonce between the value 1*421, obtainod by Dulong for the ratio of the 
two specific heats of air, and the number 1*414 already given is, in part, duo to the 
changes which have taken placo, since the date of his experiments, in the adopted value 
of the constants which enter into the calculation. 

Theoretical views of the nature of heat and ‘the constitution of gaseous bodies, 
which will have to be further considered in a subsequent part of this article, lead to the 
conclusion that, for all perfect gases, the difference between the two specific heats of a 
unit of volume is expressed by the equation 

7 '~ y ~ A TTi . (a) 

where A is a constant (the thermal equivalent of the unit of work), p and t the pres* 
sure and tomperature of the gas, and i- the coefficient of expansion, and therefore 

a b 273 nearly. The right hand member of this equation contains nothing which 
depends on the particular nature of the gas to which it is applied ; and hence, if the 
temperature and pressure are taken the same for all gases, the difference y — y will be 
tho same for all. If the values of y and 7 applicable to atmospheric ^air be dis- 
tinguished as 7 /, and y t% we have > * 

7- 7 - 

an equation which remains true whatever unit of volume is adoptcojand therefore 
also, if with Rognault, we take this unit to be the volume occupied by a unit of 
weight of air at the same temperature and pressure as the gas under consideration. 
Therefore 

y'-y - 7 /- 7 , - 0*2374 - 0*1680 « 0*0694 and 7 - 0*0694. 

By means of this equation, the specific heats of the various gases under constant 
volume may be calculated from their specific heats uuder constant pressure as given in 
the table on p. 85. The numbers so obtained will refer to the unit of volume adopted 
by Begnault ; to deduce therefrom the specific heats which correspond to a unit of 
t txight % these numbers require merely to* be divided by the densities of* the respective 
gases ; and to obtain the specify heats compared with that of an equal volume of air t 
they must be divided by OT08A. 



REAL AND APPARENT SPECIFIC HEAT. 43 


According to equation (a) the quotient 2. » jfc becomes 


k - 1 + 


y * a + t 


and it therefore exceeds unity by a quantity which is inversely proportional toy. 
Further, the general considerations above referred to make it probable that the true 
specific heat of equal volumes of all simple gases is the same, and that the specific 
heat of compound gases is equal to that of the simple gases multiplied by the fraction 
which represents their molecular condensation (e. g. for hydrochloric add the multi- 
plier would be y" — 1, for water — « 1*5, for ammonia ** ■* 2, &c,). 


The following table, which is copied with very slight modifications from tables 
given by Clausius (Ann. Ch. Pharm. cxriii. 118 ) and Bu ff (ibid. cxv. 312; see also 
pp. 306, 307), and may be considered supplementary to the table on p. 36, gives the 
results of the application of these formulae to the gases and vapours which were the 


I. 

Name of gat. 

ir. 

Formula. 

in. 

Density. 

IV. 

Sp. heat 
of equal 
volumes 
under 
constant 
pressure 
Air-1. 

V. 

Specif! 

constan 

Equal 
weight* 
Water 
= 1. 

VI. 

heat at 
t volume 

Equal 
volumes, 
Air «i. 

VII. 

Value o 

i'-*. 

e 

VIII. 

True ap 
heat 
com- 
pared 
with 

1 hat of 
the ele- 
mentary 
gates. 

Air , 




l'OOOO 

1-00 

0168 

100 

1-413 

1-0 

Oxygen 



O a 

11056 

1-01 

•156 

102 

1-403 

1-0 

Nitrogen . . 



N a 

•9713 

1-00 

•173 

1-00 

1-409 

10 

Hydrogen . 



H a 

■0692 

•99 

2-406 

•99 

1-417 

10 

Chlorine . 



Cl a 

2-4502 

1-25 

•■093 

1-35 

, , 

1*0 

Bromine 

, 


BP 

54772 

1-28 

•043 

1*39 

. , 

ro 

Nitric oxide 


t 

NO 

1 0384 

101 

•165 

1 02 

1-403 

10 

Carbonic oxide . 



CO 

•9673 

100 

■173 

100 

1-416 

10 

Hydrochloric acid 



HC1 

1-2596 

•98 

•130 

•98 

. 

10 

Nitrous oxido 



N a O 

1*5241 

1-45 

•180 

1-64 

1*243 

1-5 

Water 



H*0 

•6219 

1-26 

•369 

1-36 

1*302 

1*6 

Snlphydric acid . 



IPS 

M747 

1-20 

•184 

1-29 


1*5 

Carbonic anhydride 



CO a 

1-5201 

1-39 

•171 

1-55 

1-266 

16 

Sulphurous anhydride 


SO 2 

2-2113 

1-44 

■123 

1-62 


1-5 

Sulphide of carbon 



CS a 

2-6258 

1-74 

•131 

2*05 


1*6 

Ammonia . 



NH* 

•5894 

1-26 

•391 

1*37 


2*0 • 

Marsh-gas . 



CH 4 

•5527 

1-38 

•467 

1-54 

. , 

2 5 

Olefiant gas 



CHI 4 

-9672 

1-66 

•832 

1-91 

1*144 

30 

Alcohol 



C a H*0 

1-5890 

3-02 

•4©8 

3-86 


4*5 

Ether 



C 4 H'°0 

2 5573 

518 

•454 

* 6*91 

1*009 

7 6 

Sulphide of ethyl 



C 4 H ,0 S 

3-1101 

5-29 

•378 

700 


7*6 

Chloride of ethyl 



C 2 IPC1 

2-22G9 

2-57 

•242 

322 


4 0 

Bromido of ethyl 



C*H‘Br 

3-7058 

2-96 

•171 

3-77 

. 

4 0 

Cyanide of ethyl 



OHPN 

1-9021 

341 

•332 

4*41 


4-5 

Chloroform 



CHC1* 

4-1244 

2-72 

•140 

3 43 


2-5 

Chloride of ethylene 



C*H 4 C1 2 

3-4174 

330 

•209 

4*25 


4 0 

Acetate of ethyl . 



C 4 H"O a 

3 0400 

513 

•378 

6 84 

t 

7*0 

Acetone 



CHPO 

2 0036 

3*48 

*378 

4-50 


60 

Benzene 



C*IP 

2 6943 

4-26 

*360 

5-61 


60 

Oil of turpentine 



C 10 H ,a 

4C978 

1001 

•491 

13-74 


13*0 

in chloride of phosphorus 


! pci 1 

4-7464 

2-69 

120 

339 



Clilorido of arsenic 



i AsCl* 

6-2667 

2-95 

•101 

3*76 



Chloride of silicon 

m 


| SiCl 4 

5-8833 

3*28 

•121 

4*22 



Stannic chloride 



| SnCl 4 

8-9654 

1 3-64 

•086 

4-59 



Chloride of titanium 



TiCl 4 

6 6402 

3-91 

•119 

4-68 




I 


subject of Regnault’s experiments. Column I. gives the names of the gases; 
column II. their chemical composition: the formulae in this column represent two 
volumes of the several gases : honce the molecular condtasation of each gas is obtained 
by dividing the number of atoms in its formula by Column III. gives the densities 
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adopted by Bwnanlt in his calculations. Column IV. gives the apoaiflo heats undea 
amstant pressure compared with that of an equal volume of air taken aa unity. The 
numbers in this column are obtained from those ;m the last column of the table on 
p. 36 by dividing each by 0 2374 = specific heat of air under constant pressure. 
Columns V. and VI. contain the specific heats corresponding to a constant volume 
compared (V.) with that of an equal weight of water, and (VI.) with that of an 
equal volume of air. Column VII. gives the ratio of the two specific heats for some 
of the most important gases, obtained by dividing the specific heats of eqifhl weights 
under constant pressure, as given in the previous table ( p . 35), by the corresponding 
' values in column V. of this table. Column VIII. contains the theoretical true specific 
/teats, compared with the true specific heat of an equal volume of air or any simple 
gas. These numbers are calculated upon the supposition that the true specific heats of 
the elementary gases are the same in the combined us in the uncombiued state. 

On comparing the numbers in columns VI. and VIII. it will be seen that 
there is, on the whole, an unmistakable correspondence between them, but that they 
exhibit also in many cases decided discrepancies. These are probably due, in part to 
errors of experiment, and in part to tho fact that the method, by which the 
numbers representing the specific heats at constant volume are calculated from those 
representing the specific heats at constant pressure, is quite accurate only in the 
case of perfect gases ; and further that, even if the numbers in column VI. repre- 
sented the specific heats for constant volume with perfect accuracy, these numbers 
would not necessarily agree with those in column VIII., except for perfect gases. 

Tho true specific heat of a gas, that is, its specific heat under a constant volume, 
is regarded by Clausius (Phil. Mag. [4] xxiv. 204, 205) as the truo specific heat of 
the substance in all states of aggregation, and in the combined as well as the free 
state. It a n k in e, on the otlior hand (A Manual of the Steam Engine , &c., p. 307), 
while admitting that tho true specific heat- of each substance remains constant at 
all densities, so long as tho substance retains the same condition, solid, liquid, or 
gaseous, supposes that a change of real specific heat, sometimes considerable, often 
accompanies the clmngo between any two of these conditions. But, as Clausius has 
pointed out (loc. cit. ; also Pogg. Ann. cxx. 438), there is no obvious reason why the real 
specific heat of a body should be supposed to undergo alteration on tho passage 
from one state of aggregation to another, if it remaine constant within the same 
state of aggregation; for the changes of density and elasticity, which accompany 
changes of temperature within one and the same state, do not differ in kind, but only 
in degree, from those which constitute the passage from one state to another. 
Assuming, therefore, that tho specific heat under constant volume of a substance in 
the gaseous state is its real specific heat under all conditions, we have, for water, for 
instance, 

Ratio of apparent to real specific heat in the solid state (be- 

tween ~20 :i and0' J ) « 1-367 

' *369 

Ratio of apparent to real specific heat in the liquid state (be- - fAAQ 
tween 0° and 100°) 

Ratio of apparent to real specific heat in the gaseous Btata 


' "^9 

•4805 

'369 


2*732 


- 1-302 


2. Changes of Volume produced by Heat. 

It is an almost universal law that, when heat is imparted to any Jbody, the body 
expands or augments in bulk, unless prevented from doing so by J^jorres ponding 
increase of external pressure, and that any body from which heat is jWhdrawn con- 
tracts or diminishes in bulk. The exceptions do this law are extremelyiew, and occur 
only within particular limits of temperature: the most important will be specially 
pointed out hereafter. Admitting tho atomic hypothesis of the constitution of matter, 
it ib impossible to conceive of expansion otherwise than as a movement of the mole- 
cules of a mass, which lias for its effect to increase their mean distance from each 
other. Hence when heat causes a body to expand, it acts in opposition to the forces 
which tend to ^ prevent tho further separation of the molecules ; and the bulk of the 
body at any given temperature is tho result of an equilibri um between these forces and 
the expansive force of the heat con tamed in it at that temperature. The forces by 
W H C v a m . ass ar0 held together consist in part of the pressure to 

Which it is subjected from without, and partly of the pressure arising from the mutual 
attractions of the particles themselves. This latter pressure, which is known aa 
cohesive force, has a much greater effect in determining the bulk of solid and liquid 



EXPANSION OF GASES. -M 

hodfe* than any pressure which acts upon them from without, and it varies not only 
in different bodies, but even in the - same body its value is different at different tem- 
peratures. " Hence it is not surprising that the relations subsisting between the 
temperature and bulk of solid ana liquid substances should be somewhat comnlex. 
In perfect gases, however, cohesion does not exist, and hence the only opposing lorce 
which heat has to overcome in order to cause them to expand is the external pressure. 
Consequently it is found that thO rate of expansion of gases bears a much more simple 
relation to tne heat by which it is caused, than that observed in solid and liquid 
bodies. It is, therefore, convenient to consider the laws of the expansion of gaseous 
substances before examining those which regulate the expansion of matter in the two 
other states of aggregation. 

Expansion of Gases. — In a perfect gas, volume, elasticity, and temperature 
would be related to each other in the manner expressed by the equation 

pv - J(a + t), (a) 


where v is the volume of a giren weight of the gas at the temperature t and under the 
pressure/?, and J and a are constants. Hence, if v were tho volume of the same 
weight of the same gas corresponding to any other pressure, p\ and temperature, t\ we 
should have 

„ 1±1, (A) 

p v a + t 

No absolutely perfect gas, however, is known in nature, so that, according to the 
best experiments, the values of a which correspond to different values of p, v, and t, 
are not quite constant, but vary slightly, not only with variations of these factors, 
but also according to the nature of tho gas. The properties of air, however, and 
the other non-condensable gases accord so nearly with tho above formulae — which are 
in fact nothing more than a statement of tho laws of Boyle and Gay-Lussac 
(Gasks, ii. 819 # ) — that, except in cases where extreme accuracy is required, the accord 
may be considered perfect. 

If in the above equation (&) wo make p = p wo got 


v — v 


that is, - is the coefficient of expansion of the gas under constant pressure, or the amount 

by which that quantity of gas which occupies a unit of volume at 0° C. expands, under 
constant pressure, when its temperature is raised one degree. Similarly, by making 
v »= v, we have 

a j)t — pi' 

or-iis also the coefficient of expansion of the gas under constant volume , or, more cor- 
rectly (since when v ■» v' no actual expansion can take placo), ~ is tho coefficient of 

increase of elasticity, or the increment of elasticity, under a constant volume, for a rise 
of temperature of one degree, of a gas whoso elasticity at 0° C. is unity. For a perfect 

gas, it is obvious that these two values of - would be equal. 

a 

Tho first tolerably accurate determinations of the coefficients of expansion of gaseous 
bodioa were made by Gay-Lussac. He used in his experiments a vessel shaped much like 
a thermometer, having a bulb about 1 centimetre in diameter, and a tube about 30 or 40 
centimetres long, and 1 or 1*5 millimetres wide. The tube was divided into lengths of 
equal capacity, and the proportion between tho total capacity of the bulb and that of one 
division of tho tube was accurately determined. The apparatus having been filled with 
air dried by passing through a chloride-of-calcium tube, a drop of mercury, occupying 
a short length of the divided tube, was employed to cut off the enclosed arr from com- 
munication with the atmosphere, and at the same time to servo as an index whereby to 
read off its volume. The bulb was then fixed, with tho stem horizontal and projecting 
tlirough the side, in a vessel filled with water, through the medium of which it could 
be heated to various temperatures. The volumes occupied by the air at each tempera- 
ture could be read off upon the divided tube by noting the position of the little column 
of mercury; but the volumes thus determined required to be corrected (a) tor the 


vt — vt‘ 


(c) 


w 


• Equation (4) may obvlotuly be put Into the form * * r* ^ p, and la then Identical with that 

by which theae lava are represented at the place quoted. ^ 



^ heat. 

„f „i asil (I,) for the lower temperatnre of the portion of sir contained ia 
thepart°of the tulfe ou’tsU the water-bath and (o) for the possible alterations of bs»- 
metne pressure during the experiment. Independently of these lattw alterations, which 
w^XTreir inconsiderable, the pressure upon the gas remained constant during 
the experiment * it whs the volume which changed. Applying the same method to 

^ confidence which these results naturally excited, in consequence of the high 
reputation of the author, was still further increased by the confirmation which they 
received at the hands of Dulong and Petit, and also because it was considered pro- 
bable, on theoretical grounds, that in substances m which cohesive force no longer 
existed, the expansive action of heat should be independent of chemical composition. 
Hence, when the Swedish physicist Rudberg announced, as the result of his own more 
accurate experiments, that the coefficient of expansion found by Gay-Lussac was 
considerably too high, the statement was at first received with hesitation.-^ 

Budberg determined the value of the coefficient of expansion of air between 

0 6 and 100° C. by two series of experiments. In the first he determined the contrac- 
tion undergone by a given quantity of air on cooling from 100° to 0° under a nearly 
constant pressure; in the second, the difference in the elastic force at 0° and 100° of a 
quantity of air kept at the same volume at the two temperatures. Making t and t' in 
equations ( c ) and (d) respectively *= 100 and 0, the results of his experiments may be 
stated as follows : — The mean of twelve experiments by the first method gave for the 
coefficient of expansion under constant pressure — 

-= = 0-003648 = ; 

a 100y 274 

the mean of ten experiments by the second method gave for the coefficient of expansion 
at constant volume — 

I « = 0 003G46 = Tpri » 

a 100/ 274 


a result identical with the preceding. 

More recently (1841) the expansion of air and other gases has been again made the 
subject of elaborate experiments by Rognault (Relation des Experiences .... pour 
determiner lea principals lots ct les donnkes numbriques qui entrent dans le calcxa des 
Machines a Vapeur, M4m. Acad. Roy. des Sciences, xxi. 16-120 (1847) ; also Ann. Ch. 

* Phys, [3} iv. 6 and v. 62) and by Magnus (Pogg. Ann. lv. 1, and lvii. 177). 

Rognault made five series of experiments by methods more or less distinct. His 
first method was the same as the first method employed by Rudberg. It consisted in 
heating a cylindrical glass vessel of known capacity, about 2-5 or 3 centimetres wide, 
and about 11 centimetres long, filled with dry air, to 100°; sealing it hermetically at 
that temperature ; then cooling it to 0°, and observing the quantity of mercury which 
entered on breaking off the point of the instrument under the surface of that metal. 
The apparatus employed and the method of experimenting were, in fact, exactly the 
sumo as in determining a temperature by means of the air-thermometer in the manner 
already described (pp. 19 and 20): for it is obvious that the same experiment which, 
the coefficient of expansion of air being known, serves to determine the temperature at 
which the air-thormometer is sealed, would, if this temperature were known, serve for 
the determination of the coefficient of expansion. f 

The socond set of determinations were made by a method onl^shghtly different 
from the first, the only essential difference in the apparatus being Jfcat the tube con- 
nected with the air-reservoir was about 40 centimetres (lfe inchesjyng, and that a 
portion of it, about two inches long and separated from the airj&servoir by about 
four inches, was wide enough to produce only a very slight capillary depression 
in a column of mercury. The effect of this modification of the apparatus was 
that when, after being heated to 100° and sealed at that temperature, the instru- 
ment was placed with the tube pointing vertically downwards and with the point 
dipping into mercury, the mercury rose only as far as the wide part of the tube, on 
breaking off the point, and did not reach the reservoir at all. Hence the space occu- 
pied by the air at zero differed from that which it had occupied at 100°, only by the 
capacity of that portion of the tube which became filled with mercury on opening 
the point; and since the diameter of the tube was, with the exception of the wider 
- portion already mentioned, very small, this capacity bore a small proportion to the total 
capacity of the instrument. The experiment consisted therefore essentially in a deter- 
mination of the difference of the elastic force of the air at the two temperatures. 
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In the third and fourth s eta of experiments, the air-reserroir was made to communi- 
cate with a manometer, whereby the pressure upon the enclosed air could be varied at 
will and accurately measured* The pressures were so regulated that the air was caused 
to occupy accurately the same volume at 0° and 100°, and the differences of pressure 
required were determined. The apparatus for the third series of experiments was 
copied, with some improvements of detail, from that employed by Rudberg in his 
second series. The apparatus for the fourth series was the same in principle, but its 
construction was such that the pressure upon the air cbuld l>e determined with still 
greater accuracy than was possible with the preceding apparatus. 

In the fifth set of experiments, the pressure upon the air remained constant, and the 
alteration of volume was determined by weighing the quantity of mercury which filled 
the space into which it expanded. 

The mean results of numerous experiments made by each of these processes wore as 
follows: — If p 0 and v Q represent respectively the pressure and volume of the air at 0°, 

and pi and Vi its pressure and volume at 100°, the value of was — 

Po *© 

By the first series . 1 -36G23 

„ second series ....... 1-36033 

„ third series 1-36679 

„ fourth series 1-30650 

„ fifth series 1-36706 


In the second, third, and fourth series, the expansion was calculated from the change 
of elastic force undergone by the same volume of air when its temperature changed 
between 0° and 100°; in the experiments made by the first method, both pressure and 
volume changed considerably, so that they gave a mixed result From the considera- 
tion of all the experiments by the first four methods, Regnault adopts for the coefficient 
of expansion of air, under constant volume , for 1 degree centigrade between 0 and 100°, 
the number 

0 003665 = ^r 9 - jjj nearly.* 

This result agrees precisely with that obtained by Magnus. 

For the coefficient of expansion of air under constant pressure, Regnault adopts ths 
number 

0-00367 

given by the experiments of the fifth series. 

Similar experiments extended to other gases gave the mean results recorded in the 
following table, in which are also included the results obtained by Magnus : — 


Table of Expansion of Gases between 0° and 100° at Ordinary Pressures . 


Name of gai. 

Value of &-!!l ss l -f 129. 

Po *0 a 

Constant volume. 

Constant pressure. 

Regnault. 

Magnu*. 

Regnault. 

Hydrogen 

1*3667 

1-3057 

1-3661 

Air .... 

1-3665 

1-3665 

1-3670 

Nitrogen 

1-3668 



Carbouic oxide 

1-3667 


1-3669 

Carbonic anhydride 

1*3688 

1-3091 

1-3710 

Nitrous oxide 

1-3676 


1-3719 

Sulphurous anhydride . 

1-3845 

1-3856 

1-3903 

Cyanogen . . . . 

1*3829 


1-3877 


The foregoing results pre all deduced from experiments in wliich the gases operated 
upon were subject to pressures differing but little from the ordinary pressure of the 
atmosphere. In another investigation (Op. cit. pp. 96-120) Regnault determined the 
coefficients of expansion of air and some other gases at pressures considerably different 
from that of the atmosphere. The following table gives the mean results ; 

• If the coefficient of expansion of sir be taken a 0-0036666 .... it may be represented by the 
*nl(ar fraction a number which is very convenient for the purposes of calculation. 
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Table of Expansion of Gases bettoeen 

An** 




Variow Prte&tn* 


| Constant Volume. 

Constant Pressure. 

Density* 

(Density of air at 0° and 
700 mm. pressure a 1.; 

P±= 1+122. 

Po * 

Pressure. 

J mm. 

a. = 1 + w. 

»» » 

0*1444 

1*36482 

760 

1*36708 

0*4937 

1*36672 

2525 

1*36944 

1*0000 

1*36650 

2620 

1*36904 

2*2084 

1*36760 



2*8213 

1*36894 



4*8100 

1*37091 




Carbonic Anhydride. 


Constant Volume. 

Constant Pressure. 

Density. 

(Density of carbonic 

^=1+122. 

P. “ 

■ 

„ , + !2?. 

anhydride at 0° and 760 
rom. pressure * 1.) 


r 0 « 

1*0000 

1 36856 

760 

1*37099 

1*1879 
** 2*2976 

1*36943 

1*37523 

2520 

1*38456 

*4*7318 

1*38698 




Hydrogen. 


Sulphurous ANiiYDnroE. 


Constant Pressure. j 

t 

Constant Pressure. 

Pressure. 

= 

Pressure. 

•l. x + 122 

mm. 

v 0 a 

mm. 

v 0 a 

700 

1*36613 

760 

1*3903 

2645 

1*36616 

985 

i 

1*3984 


The following general conclusions may bo drawn from these results : 

1°. The coefficients of expansion of air, hydrogen, nitrogen, and carbonic oxide, 
between 0° and 100°, are sensibly equal. 

2°. The coefficients of expansion of tho condensable gases, carbonic anhydride, nitrous 
oxide, sulphurous anhydride, and cyanogen, are slightly greater than the coefficient of 
expansionupf the perrnunent gases. For the condensable gases also the coefficient of 
expansionTUnder constant pressure) slightly exceeds the coefficient of increase of elas- 
ticity (the gas being kept at constant volume), a difference which is likewise observed, 
though in a less degree, in the case of air. 

3°. The coefficient for hydrogen is not influenced by a change of pressure Aum 1 to 3 
atmospheres. Tho coefficients for air, carbonic anhydride, and sulphuroudEnhydride 
are greater at high densities and pressures than at low ones. 

Notwithstanding the differences in the absolute values of the coefficients Off expansion 
of air at different densities, and of air, hydrogen, and carbonic anhydride, Kegnault 
found by direct experiments (Op. tit. pp. 171-190) that the elastic force of air, of any 
initial pressure at 0° between 400 mm. and 1300 mm., and the elastic force of hydrogen 
and carbonic anhydride increased according to the same law at all temperatures between 
0° and 350° C. Hence gas-thermometers filled with air of any cffinsity, or with hydrogen, 
or carbonic anhydride, would give perfectly similar indications, provided that, m calcu- 
lating the temperatures, the coefficient proper to each gas were employed. The coeffi- 
cient of expansion of sulphurous anhydride was found to diminish, relatively to that of 
air, in proportion as the temperature rose, being 0 0038261 at 98*12° of the air-ther- 
mometer, and 0*0037893 at 310*31°. 

Hence as a general conclusion : Although no gas appears to follow afcolutety the law 













of expansion oxpiuefl&l lik U^ equ*tio (a) and (6), pa are 45, the permanent gases 
follow this law so* ofeeely that, the most refined calculations, these formulae 

may be taken as strictly &pJkLioal&* Kjltnem, the value of a being for all a number 


sensibly equal to 273. •'* JA'*-- 

The following consequences Of these equations are of importance in calculating the 
changes of volume and elastic force qf gases corresponding to given chances of tem- 
perature : Let v be the volume of a given weight of gas at 0° C., and p its elastic force 
at the same temperature ; let v x and p x be the volume and elastic force of the same 
quantity of gas at any other temperature, t x ° ; and let and p u be the volume and 
elastic force corresponding to any third temperature, t % ° : then, the volume at t l9 
expressed in terms of the volume at 0°, will be — 




- ,,p a + e < 


(l + I 


v i 

Pi “ 

Pi 

V a 

£. 

273 + 

*1- V Z.U 

+ ' i/ 

)-vP- 

Pi 

273 

Pi v 

273 '/ 

> Pi 


the volume at 0°, in terms of the volume at t x °, will bfe — 

A. 

1 p a + t, p + 1 

a 1 

ot p, 273 „ „ Pi 1 _ „ i 

V V > 7 • 273 + t x 1 p ' 1 + t, 1 P 1 + o-oomst 

and the volume at J 8 °, in terms of the volume at t x °, will be — 

* _ * 2l UlA „ t , Zi_ 1 + 

* “ + *' ‘ i + - t,' 


« _ p x 273 + _ p x 1 + 0 003665 t % 

* %mm 1 p 9 * 273 -f t g ** V ' p 2 * 1 + 0 003666 t x 

The elastic force at t x °, in terms of the elastic force at 0°, will be — 
v a + t. v / 1 . \ 

nr> n 1 b n . fi x t I 


V a + t , t; /_ 1 . \ 

h * « “ P Vt i * ( + « V* 

+ 551*0 + 0008964 '•)*• 


or v 273 + t; /, 1 \ v / 

+ 273 H 

the elastic force at 0°, in terms of the elastic force at t x ° , will be — 
v. a v t 1 

P ~ P‘~t ■ TTt ~ P'7? ■ T - * 


or v, 273 _ v, 1 v, 1 

y “ Pl v • 273 + <, “ v * 1 + j4, <, “ Pt v • J + 0 0 C 
and the elastic force at f,°, in terms of the elastic force at t x ° t will be- 


v. a + t 9 i 

ft - ft * ’ oTTT - ft i 

^ 273 ^ H 


1 + 


1 + a'* 


« v, 273 + t t _ _ v t 1 + 0*003065 

- ft * 273 + t % • " 1,1 v 9 ‘ 1 + 0*003065 I, * 

It is very important to bear in mind, with r efe r e nce to all calculations of this kind, 
that when the coefficient of expansion of the permanent gases is said to be uniform at 
•11 temperatures, and equal to Ug, it is not meant that 1 vol. of a gas at any tempera- 
tow, , becomes ljj, voL at the temperature (t + 1)° ; but that I voL at 0° becomes 

Irfi vol at 1°, and 1 + vol. at t°, and that consequently t vol at t° becomes 
273 

l + 57r77 rt ( <+1 )°- 

vo*. m. a 
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The irregularities in the expansion of the mcfre < 
phurous anhydride, which are brought to light hy R^nault'te 
to a greater or less extent in the case of all liqueflao|* gases * 


to a greater or less extent in the case ot au nquenan^ gases i 
marked in proportion as the gases are examined nettbf to the 
The law with regard to the expansion of vapours appears 
of expansion aye considerably greater than a t temperaHties he$ir to tS 
points of the liquids from which they are formed, and that they contihne &: <: 
as the temperature rises, so as to approach more and more closely ii - 
nearly yk. Hence, at sufficiently high temperatures, all vapours and liqueflab^^^as 
acquire the properties of sensibly perfect gases. The rapidity with which the coeffi. 
cienta of expansion of different vapours approach their limiting values, varies greatly 
Some vapours, as that of ether, have a nearly uniform rate of expansion within twentv 
or thirty degrees of the boiling point of the liquid, whereas others show a sensiblv 
; “ ,ng r tU> °?, e T ,n ' ,, ° n throughout a much wider interval of temperature: for 
400 ,W^ I! “‘,1 t ‘?°W h u I' ffards o( 12 0 degrees, and sulphur-vapour through 

SE5- 

acid vapour (boiling point 118") was found! by cXS^tobf “ ^ de ” SIty ° f “ eti0 

tms iz, i^. c - 

n^the s n am‘ r as U ?hit „t?r “°°' bU ‘ ab0Ve th “ 

•>. |>« - m(l + at), (<() 

S foWu, and .tel- coefficient of expansion. Let the volume, o, be 
o ^e metres , the pressure, p, in kilogrammes per square metre and the 
laggy f, * e cent .'« rade thermometer. Then, since Tis a constant 

' P* * + « 0 . . . . (/) 

tr 533. sures. Then, since the mndiimn 




%. 533 . 

" f -v4; 

V‘- 




sure« TKnn " ■ \r *?\ vx » represent pres- 
sures. Then, since the condition of a mis is de- 

unnn V J n £ tW0 of the three ™nable g quan titles 
upon which it depends, are known, that condition 

thSv? “F 0 ? f "tod by the position of a point rela- 
tively to the lines OP and OV. Let the point A 
represent the initial condition ( p . v) 0 f tt gas • we 
F“ ““ 1(ler the quantities of heat which must be 
imparted to, or withdrawn from, the Jm, in order to 
through the series of editions repre- 

Z op a b nd oV! deS ° f the rectangle P«£lel 

60,11 thfl *t*t® A to the 
7ZJr- ,ts c,la *, tIC increases while its volume, 
3T™ una *t«red ; to produce this change, its 

it’o'.ld" for &7± 4 f£2' J&Ss 

7 «■ Dc (/ t - t)\ 


Afoprwy — I d 
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therefore— 


SI 


to 

the gas passes from the condition D to the condition B, it remains under 
thes*twtant pressure p\ but its vuhfne increases from v to «' : its temperature must 
thffmke fee Hall further raised to f,which is given by the formula pV *» H(X + at’)* 
Combined with $ v = H{\ + * O. gives p («' — tr) =» Ha{€ — hence the 
quantity of heat required will be q x ■» JDS’ (/'— t , ), c denoting the specific heat under 
constant pressure. Putting for £ — t t its value deduced from the previous equation, 
this becomes — 

D 


- JTa c ' p ‘ ^ 


<*> 


3. In passing from the condition B to the condition C, the gas is cooled without 
change of volume ; the corresponding temperature t % is therefore given by the formula 

1 + a t a ), which, combined with p' v *=» If ( 1 + a*'), gives {p — p)v* ~ Ha(t' — ti). 
The heat that must be withdrawn will therefore be q »» I)c {£ — or, by substitution — 

8 ' - JJI <’»'(/- P) • • (*) 

4. Lastly, when the gas passes from the condition C to its original condition A, 
it cools under the constant pressure p, and its temperature agaiu'beeomes t, defined 
by the formula pv ** H( 1 + at), which, combined with p v & J3*(J -j* a f A gives 


p (v‘ — v) = H a (t Q — t). The quantity of heat to be withdrawn, to. 
perature to fall from t t to t, will be q\ = Dc (t 3 - t), whi£h, by substif 

.*» 

The general result is that, during the passage of the gas from then 
B, a quantity of heat is expended which (by g and A) is represented 

Q - 1 + ?. - jf u [« * 0>' - p) + o'p' («' - «»)] ; 



feJuie tom- 
^.b^bmes~- 

ti'tfrT 


and that, during the return of the gas from the condition B 
quantity of heat is evolved, which (by i and k) is expressed 

Q - ?' + ?, r » [c v (// - p) + c p(v - *)]. . f ^ 




Consequently, there is an ultimate expenditure of a quantity of heat eqilll tCH^ 

Q - Q « il (c' - c) (p - p) ( 1 / - v\ ' * 

a quantity which is necessarily positive, so long as p ~ p and tf — v are poiitiy# (ths& 
is, so long as any actual increase of pressure and volume takes place), being j 
tional to the product of these two quantities, and represented by the 
rectangle ADBCA. 

By tracing in the same way the heat expended and evolved in the cycle 
represented by the passage of the point A about the same rectangle, but in the c t 
direction, ACBDA, it would bo found that, as a final result, a quantity of heat ■• < 
would be evolved by the process instead of expended. Hence we see that the quantity 
of heat necessary to change the condition of a gas from A (p . v) to B (p’ . v'), depends 
not only on the nature of the conditions A and B, but also on the manner in whicli the 
passage from one to the other takes place. 

If B approaches indefinitely near to A, the quantity of heat, Q — (/, expended or 
evolved as the point A passes round the rectangular circuit approaches indefinitely to 
the value 0. That is, in order to cause a gas to pass from the condition A to the condi- 
gn ®» ^finitely near to it, the same infinitely small quantity of heat must be expended 
whether the passage is in the direction ADB, the ffection ACB, or that of the diameter 
ot the rectangle, AB. Hence, an element, AB, of any curve may be replaced by its two 
projections DA and DB parallel to the axes, and cnanges of condition represented by 
curve-lines may be considered as made up of rectangular elements parallel to these 
axes, so that the result derived from the consideration of the rectangular circuit ADBCA 
jnay be extended to a closed circuit of any form whatever. (Bourget, Afin. Ch. Phys. 
UJ m. 267 ; also Daguin’s Traitk de Physique, 2nd ed. ii. 612.— See further the section 
« this article : Relations of Heat to Mechanical Energy.) * 

Attention must here be drawn to an important consequence of the relations that we 

a 2 
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have fennel to en'»t between the pressure, volume, and tempel«tnr i 9 <rf » ««, _3le 
consequence referred to will be most easily deduced from the above equations (A) *&<*-(£), 
which show that, when a gas expands from the volume v to the volume v t ttndef the 
constant pressure p, a quantity of heat is absorbed equal to 

D , . , a 

i-H -•* 

and that when the gas contracts from the volume v to the volume v, tinder the same 
pressure, an equal quantity of heat is evolved. It is plain, however, from the above 
equation, that if p, the pressure upon the gas, is nothing, the quantity of heat, q, needed 
to cause the gas to expand will also be nothing. This condition is actually fulfilled 
when, instead of having to force up a piston or overcome the pressure of the atmosphere 
in its expansion, a gas is allowed to expand into a vacuous space; and it has been 
experimentally proved by Joule that the expansion of a gas, under these circumstances, 
is not attended with expenditure or absorption of heat. He immersed two copper 
vessels in water, and removed the air from one and compressed an additional quantity 
of air into the other, until the pressure amounted to 22 atmospheres : on opening a 
communication between the two, air rushed from the latter vessel into the exhausted 
one until the pressure in both was 1 1 atmospheres. Nevertheless, the water by which 
they were surrounded indicated no alteration of temperature. 

Absolute Zero of Temperature. — It results from tne fundamental formula of gaseous 
expansion, 

p v — J (a + t), 

that, if the temperature, t, of a gas were reduced until it became -a — - a * — 273, the 
gas would cease to have any gaseous elasticity — the product of elastic force into volume 
would be «* 0. The temperature - 273° C. is therefore called the absolute zero of 
temperature, and temperatures reckoned from it are called absolute temperatures. 
These are obviously obtained in any case by adding 273 to the number of degrees by 
which a temperature is expressed on the centigrade scale ; and by employing them in 
4hc expression of the laws regulating the relations between temperature and other 
properties, the resulting expressions are often much simpler than those required when 
temperatures are expressed according to any ordinary thermometric scale. Thus, for 
instance, by using r ( — t + 273) to denote the absolute temperature corresponding to the 
centigrade temperature t, we have for the fundamental formulae (a) and (6) (page 45) 
relating to pressure, volume, and temperature, the expressions 


p v 


J r and - 
p v 


r 



and corresponding simplifications will be found to result in many other cases. 

M&psuMlon of Liquids. — The relation between the volume of a given weight of 
liquid and its temperature follows no simple general law, such as that which, as we 
have seen, applies, at least approximately, in the case of gases. On the other hand, 
not only has almost every liquid a coefficient of expansion different from that of any 
other, but the coefficient of the same liquid varies to an important extent with changes 
of temperature. 

In consequence of the small extent to which the volume of liquid substances is 
influenced by external pressure (Elasticity, ii. 370), it may, in all ordinary cases, be 
considered as a function of their temperature alone, instead of as a function of tem- 
perature and pressure combined, as with gases. It results also from the cohesion of 
liquids, which causes them always to have a definite limiting surface, that their volumes 
can be determined by observations of a more direct kind than those which can be made 
on gaseous bodies. Hence, an obvious method of determining the expulsion of a liquid, 
is to observe how many divisions of a vessel graduated into parts of capacity, are 
the same weight of it at various temperatures. Such a qStthod, however, 
would only be exact if the capacity of the containing vessel were known, not merely at 
some one temperature, hut at each temperature at which an observation of the liquid 
was made. Thus, it would be inaccurate to conclude that the expansion of a liquid 
between 0° and 100° amounted to 1 per cent., because the same quantity which filled 
100 divisions at the former temperature occupied 101 divisions at the latter; for it is 
impossible to raise the temperature of a liquid, without at the same time raising the 
temperature, and so altering the capacity, of the vessel in which it is contained. It is 
therefore necessary to distinguish between the apparent expansion of liquids, or that 
which would result from observations made in tne manner that has been described, 
without taking account of the changes of capacity of the containing vessel, and their 
real or absolute expansion, which is the apparent expansion corrected for the aimul- 
taneous expansion of the vessel. Of course, in measuring the changes of volume of 
gaseous bodies, the expansion of the containing vessel requires to be similarly taken 
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Into ttMOBBtf tat In tbit case it is of much lew relative consequence than it is in the 
ease of liquids : thus, for example, the apparent expansion of air in a glass Teasel would 
only differ from its real expansion about in the proportion of 140 : 141 ; whereas, in the 
ease of mercury, the difference would amount to one seventh of the total effect to be 
observed. 

Relation between the Absolute and Apparent Expansion of Liquids. — From what lias 
been already said, it will be evident that the apparent expansion of a liquid is equal to 
its absolute expansion for the same interval of temperature diminished by the corre- 
sponding expansion of "the containing vessel. That is, if A be the coefficient of absolute 
expansion of a liquid, and 8 its coefficient of apparent expansion, the relation between 
these two quantities will be the following: — Let Vbe the volume of the liquid, and 
consequently of that portion of the vessel which it fills, at 0° ; and let V be the capa- 
city, estimated at 0°, of so much of the vessel as it fills when its temperature has been 
raised 1°. Then the real volume of the liquid at the latter temperature will be 
F(1 + A), and the real volume of the portion of the vessel occupied by it will be 
F'(l + k) (putting k for the coefficient of cubical expansion of the material of the 
vessel) : hence we have — 

V’ (1 + k) - V(l + A), 
or V' — V Ar- * 

V " 1 + ic ; 


but V* — V is the apparent increase of volume of the liquid, for a rise of temperature of 
V’ — V 

one degree ; y — is therefore its coefficient of apparent expansion ■» 8. Accordingly — 

* A'“’* A * ■ ... 


but as b and k are always small fractions, we may disregard their product, 8 k, and put 
A » 8 + k: that is, the coefficient of absolute expansion of a liquid is equal to its coeffi- 
cient of apparent expansion in a vessel of any material , increased by the coefficient of 
cubical expansion of the material of which the vessel is made. 

By far the most accurate method of measuring the capacity of a vessel, and of finding 
the relative values of divisions which may be marked upon it, is to determine the 
weight of mercury which fills it up to the zero point of the scale, and also the weight 
which corresponds to the interval between any two divisions. But since both the 
capacity of the vessel and the specific gravity of mercury vary with variations of tem- 
perature, the different weights of mercury which fill the vessel at different temperatures 
do not at once enable its relative capacities at these temperatures to be calculated ; for 
this it is necessary that the absolute expansion of mercury should be previously known. 
Hence the absolute expansion of mercury (which, on account of its inalterability and 
its property of not wetting glass, is better adapted for measuring purposes than any 
other liquid) is a necessary preliminary datum for the determination of the absolute 
expansion of liquids in general. 

Determination of the Absolute Expansion of Mercury. — Enough has already been 
said to make it evident that, in order to obtain a trustworthy determination of this 
constant, some method must be devised whose results are wholly unaffected by changes 
in the capacity of the vessel in which the mercury is contained. A satisfactory solution 
of this apparently very difficult problem was first given by Du long and Petit (Ann. 
Ch. Phys. [2] vii. 124 (1817); Daguin's Traitk, de Physique , 2nd eof. ii. 187 ; see also 
Regnault, Relation des Experiences, $c. t pp. 277-280. Paris, 1847). Their method 
consisted in measuring the heights of columns of mercury at different temperatures, 
which produced equilibrium with another column of the same liquid of constant height, 
and kept always at 0°. 

If h denotes the height of the column at 0°, d the density of mercury at this same 
temperature, A' the height of the column at t° , which produces equilibrium with the 
first^ and d the density of mercury at the temperature t, we have— 

A' d 

a " r * 


Representing by v and ©' (he volumes of the e$me weight of mercury at 0° and at t°, 
we get — 

d d , 41 rf K 

y--, and consequently — — 

The mean coefficient of expansion between 0° and t° is therefore 

d - v A' — A 


Si - 


vt 


TT 



plojwl by Dnloog an^ ^ of of inTerte d glass syphon, 

id co 


O’* 

and its determination 
“Th?a^“u^»Sw by Dnloog and 

into practice is represented in ■^;£ 34 ' - ^ ) e about 055 metre long, and 

the two vertical branches of diameter. The branch A was 

munieafarf below b J ® *"“?“*£[ t £ h ^ k t foil of ice; the other branch, B, 

‘Spperre.se! fiUel with oU apd boilt into a furnace. 



(In the figure, the front wall of the furnace, as well as a part of the cylinders surround- 
ing each branch of the syphon, is represented as having been removed.) 1 he quan- 
tity of mercury in the apparatus was so adjusted that the meniscus m the tube B 
was a little above the cover of the oil-bath, and the difference in the height of the two 
columns was measured by a cathetometer (an instrument devised by Dulong and Betit, 
nnd first used in this investigation). The temperature of the oil-bath was mdica e 
by an air-thermometer and a mercurial weight-thermometer (^p. 18, 19), the reservoirs 
of which were of the same length as the mercury-column in the tube B, and were 
placed near to and parallel wfth it. _ _ , , . . , . 

The following table gives the general results of a great number of deteraunatio 
made with this apparatus : 


Jfaolute Expansion of Mercury (Dulong and Petit). » 


Temperatures by the 
air-thermometer. 

Mean coefficient of Expansion counted from 0°C^j 


^Maximum Minimum 

values. value*. valae*. 

ioo° e. 

200° . 

300° . 

.... - 0 00018018 
.ft. ... : ^ .... .ft. - -00018433 
• • f&S * • • • “ 00018868 


Notwithstanding the great approach to accuracy which was undoubtedly made m 
these experiments, the results were still affected by sources of error which, the 
determination of a physical constant of such primary importance as the one in quertion, 
cannot be considered as immaterial. The chief of these are : the uncertainty of the 
determinations of the temperature of the heated column, arising (1) from the ©ropioy- 
ment of the old (and inaccurate) coefficient for the expansion of air, namely 0*00370, 
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in reducing the indications of the air- thermometer ; (2) the cooling effect of the 
external air upon the portion of the heated column which rose above the cover of the 
oil-bath ; (3) the want of uniformity in the temperature of the oil-bath at different 
depths ; and the comparative shortness of the two mercury -columns, whereby a very 
small absolute error in the measurement of h and h' comes to have a considerable effect 

on the value of the fraction — ■» 8. * 

In order to obtain results which should be, as far as possible, free from the errors 
thus arising, Regnault ( Relation des Experiences, £c. t pp. 271-328. Paris, 1847) repeated 
the determination of the absolute expansion of mer- 
cury, by a method similar in principle to that of PY^r. 635. 

Du long and Petit, but somewhat different in execution. 

The arrangement of his apparatus will be intelligible 
from Jta. 636. AB and CD are two iron tubes, 15 
metre long and 10 mm. in internal diameter (in the 
figure the diameter is greatly exaggerated in pro- 
portion to the length), connected above by the ho- 
rizontal iron tube AC, of 25 mm. (OT inch) internal 
diameter, and respectively communicating below with 
the horizontal tubes BE and DF, likewise of 2*6 mm. 
diameter, which in their turn carry the vertical glass 
tubes EG- and FG. The apparatus having been 
adjusted so that the tubes AB and CD ore exactly 
vertical, and the tubes AC, BE, and DF exactly 
horizontal, mercury is poured into it through one 
of the short tubes, open at both ends, by which both 
AB and CD are surmounted, and in proportion as 
the liquid rises in the glass tubes EG and FG, air is 
compressed into a copper receiver communicating 
with them by the leaden pipe G, so as to keep the 
level of the mercury near the bottom of the glass 
tubes. The addition of mercury is continued until 
it begins to run out at a hole, O, bored in the upper 
side of the tube AC. The vertical tube AB is placed 
in the centre of an oil-bath; CD is surrounded by a constant current of cold water. 

On heating the tube AB, the density of the mercury contained in it was of course 
diminished, and consequently equilibrium of pressure in the tubes EG and FG could 
only bo maintained by the sinking of the mercury-column in the former. The elastic 
force of the compressed air in the receiver was therefore balanced— on the one hand, 
by the pressure of the heated column of mercury of the height AB, «= H, diminished by 
that of the column in E, = h; on the other hand, by the pressure of the cold column 
CD, = IV, diminished by that of the column in F, «= h\ The temperature of the column 
AB was indicated by an air-thermometer, that of CD by three mercurial thermometers 
in the water-vessel which surrounded it, and that of the mercuiy in E and F by a 
thermometer placed between them as shown in the figure. When the necessary cor- 
rections for the differences of temperature of the several mercury-columns had been 
applied, the formula for the absolute expansion became — 

(/T -F) r 

W - *• 

But since the required corrections involved the knowled ge pf the vSy coefficient sought, 
the calculation conld only be made by the method of successive approximations : that 
is, Dulong and Petit's coefficient was first assumed in ord& to calculate an approximate 
result ; then the number so obtained was substituted for the ifed coefficient, and so a 
still more accurate result was arrived at. 

In another series of experiments, thu tubes AB and CD were connected at the bottom 
by a continuous horizontal tube, and the tube AC was cut across, vertical glass tubes 
being inserted into the two halves, wherein the different heights attained by the mer- 
cury-columns could be observed. In this state, the apparatus was merely a modified 
form of that employed by Dulong and Petit. 

The results ultimately arrived at are given in the following table, the temperatures 
ln ^ T8t 00 ^ un ? n of which are those measured by the air-thermometer. 

The numbers in the last column of this table represent the amounts by which a unit 
volume of mercury expands for a rise of temperature of one degree centigrade at various 
temperatures between 0° and 360°. Thus, 100,000,000 cubic millimetres of mercuiy, 
measured at 0°, o ccupy 100,017,905 cubic millimetres at 1°; 100,000,000 cubic milu- 
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Absolute Expansion of Mercury (Regnault). 


Temperature =* t. 

Volume at t°. 

Mean coefficient of expan- 
sion between and t°. 

True coefficient of expan* 
sion at t°. 

0° 

1-000000 

0 00000000 

0 000179 05 

10 

1 001792 

0 00017925 

0-00017950 

20 

1 003590 

000017951 

0-00018001 

30 

1-005393 

0*00017976 

0-00018051 

40 

1 007201 

000018002 

0 00018102 

50 

1-009013 

0 00018027 

0*00018152 

60 

1-010831 

000018052 

0-00018203 

70 

1-012655 

0 00018078 

0-00018253 

80 

1-014482 

000018102 

0-00018304 

90 

1-016315 

0*00018128 

0-00018354 

100 

1 018153 

000018153 

0 00018405# 

110 

1 0 19996 

0-00018178 

0 00018455 

120 

1-021844 

0-00018203 

0 00018505 

130 

1-023697 

0 00018228 

0 00018556 

140 

1 025555 

0-00018254 

0*00018606 

150 

1*027419 

0 00018279 

0 00018657 

160 

1 029287 

0-00018304 

0 00018707 

170 

1031160 

0 00018329 

000018758 

180 

1-033039 

0 00018365 

000018808 

190 

1 034922 

0-00018380 

000018859 

200 

1*036811 

0-00018405 

0*00018909 

210 

1-038704 

000018430 

000018959 

220 

1-040603 

000018456 

000019010 

230 

1-042506 

0*00018481 

000019061 

2-10 

1*044415 

0 00018506 

0*00019111 

250 

1*046329 

0-00018531 

0*00019161 

260 

1*048247 

000018557 

0*00019212 

270 

1 050171 

000018582 

0*06019262 

280 

1-052100 

0-00018607 

000019313 

290 

1*054034 

0-00018632 

0*00019363 

300 

1-056973 

000018658 

0 00019413 

310 

1 057917 

000018683 

0*00019464 

320 

1*059866 

0 00018708 

000019516 

330 

1 061820 

0 00018733 

0*00019565 

340 

1 063778 

0-00018758 

0*00019616 

350 

1 065743 

000018784 

0000I96G6 


metres, measured at, 300°, become 100,010,413 cubic millimetres at 301®. Accordingly, 
the true c o ef f i c i e n t of expansion increases fts tho temperature rises. The third column 
contains the quotients obtained by dividing the difference between the volume ( V t ) of 
mercury at t' J and the volume of the same weight at 0° ( V 0 l) by the number of 
degrees of temperature (=/), that is to say, the mean coefficient of expansion 

between 0° and t°, ^AIL_ L. Between 0° and 100°, the mean coefficients vary so little 

that tho real expansion of mercury, and much more therefore its smaller apparent 
expansion in glass, may be taken as proportional to the t©mp©?tttTire measured by the 
air-thermometer. A careful comparison of an air- thermometer and Jgjpcreurml ther- 
mometer, upou which the points 0° and 100° had been determ inedjBlder the same 
circumstances, and which therefore necessarily agreed fit thefoe tempo&tures, showed 
tho following differences between the indications of th© two insiafttingnts : 

Temperatures by air- thermometer— * " , , 

-36° 0° +100° 129-9° 148-7° 197*0° 245° £92*7° 340°; 

Temperatures by mercurial thermometer — 

— 36° 0° -t-100 0 130° 150° 200° 250° 300° 350°. 


hrom ltegnault’s table it results that, if the real expansion of mercury be taken as 
tho measure of temperature, the following readings of the air- and mercurial thermo- 
meters will indicate tho same temperatures — 


* In Uognanlt’s ortg nal paper, the true coefficient of expansion at 100° f« given, doubt) era In < 

quenre of a misprint, h* 0*0001 *305, and the same number it repeated in various other places : 
Handwbrterb. tier Chc.iii*, 2nd ed. ii. [1], .M7, article Ausdehnung > also Daguln's Traitt dt Phj/Siqve, 
y. 103. r.'iri«, Hfil . 
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Air* thermometer — 

0° 50° 100° 130° 150° 200° 250° 300° 350°; 

Mercurial thermometer — • 

0° 49'6° 100° 130-5° 151° 202 8° 2552° 308*3° 362*2°. 

By a series of observations of the heights of two mercurial barometers, one of which 
was kept at a temperature near 0° C., while the other was heated to a higher tempera- 
ture, Militzer (Pogg. Ann. lxxx. 55) obtained for t ho mean coefficient of absolute 
expansion of mercury between 0° and 100°, the number 

0*00017405 + 0 00000082 = (l ± 

which differs considerably from Itegnault’s result, and is probably less accurate. 


Apparent Expansion of Mercury, and determination of the Cubical Expansion of 
Glass vessels. — By help of the foregoing table of the ubsoluto expansion of mercury, 
the cubical expansion of glass vessels may be determined. For this purpose the neck of 
the vessel is drawn out to a capillary point; it is filled with mercury, care being taken 
to exclude all moisture or air ; exposed successively to the temperatures 0° and 100°, and 
weighed with the quantity of mercury which tills it at each of these temperatures. Let 
the weight of the empty glass vessel bo . . . . . w, 

the weight of the vessel tilled with mercury at 0° . . . . «* W, 

the weight of the vessel tilled with mercury at 100° . . ♦ . = W\ 

let A be the absolute expansion of mercury, and k the cubical expansion of gluss 
between 0° and 100°; then wo have 


W — W __ 1 + A 

W — U) ~~ 1 + K ' 


and therefore k 


W - w 

W — w 


(1 + A) - 


1 . 


When once the cubical expansion of a glass vessel is known, the absolute expansion 
of any liquid can be deduced, in the manner already explained (p. 63), from it* 
apparent expansion as observed in this vessel. Hence a problem of frequent occur- 
rence is to determine the expansion of the glass of a vessel shaped like a thermometer, 
and provided yrith a divided stem, for which the relative capacities of the bulb and of 
ono division of the stem hare been previously determined. In such a ease, it is only 
necessary to fill the apparatus to some particular point of iho scale witli well-boiled 
mercury, and to observe the apparent volumes of the mercury, v and v , at 0° and 100°, 
expressed in divisions of the scale: the expansion of the glass can then be calculated. 
For (p. 63) the apparent volume of the mercury at 100° is equal to its volume at 0° 
increased by the amount of its absolute expansion between 0° and 100° ; that is : — 


v' (1 + k) sa v (1 + A), or k = (1 + A) — 1. 


The apparent expansion of mercury in glass varies with the kind of glass employed, 
but may bo taken on an average = 0 0001645 for each degree centigrade. This value 
may be used, for instance, without hesitation in calculating the corrected length of (ho 
portion of the thread of mercury in a thermometer which is not exposed to the tem- 
perature that is to be measured, (See below, Determination of Boiling Points.) Between 
0° and 100° the apparent volume of mercury in glass increases in the proportion of 
1 : 1*01545, while the real volume increases in the proportion of 1 : 101815; hence the 
cubical expansion of glass is 

P / *-«*•*■ 

Another case in which thfe absolute expansion of mercury requires to be taken into 
account, is in reducing barometric observations to 0° C. (Barometer, i. 512, 513.) 

Expansion of other 1 !Aquid»,^fJhxb 6 b 8 olu t x p a n s i o n of any liquid can now be 
ascertained by filling with it a small glass bottle, wfcose cubical expansion has been 
previously ascertained in the manner already ^escribed, and weighing the bottle with 
the quantity of liquid which fills it ai different temperatures. But a more rapid 
method, ana therefore one more frequently adopted, is to observe the apparent expan- 
sion of the liquid in a dUeUometer , an instrument shaped just like a common rnercurhtl- 
thermometer, and then to correct these observations for the previously known cubical 
expansion of the glass. In this way very numerous determinations have been made by 
Isidore Fierro (Ann. Ch. Fhys. [3] xv. 325; xix. 193; xx. 5; xxi. 336; xxxi. 118; 
xaxiii. 199) and by Hermann Kopp (Pogg. Ann. lxxii. 1 and 223; Ann. Ch. Pharm. 
xcir. 257 ; xcv. 30 7; xevi, 153 and 303; c. 19). The principal results of these inves- 
tigations are given below. 





Temperature. 

Volume. 
(Volume at 0° » 

0° 

1*00000 

1 

0-99996 

2 

0-99991 

3 

0*99989 

4 

0*99988 

5 

0*99988 

6 

0*99990 

7 

0*99994 

8 

0*99999 

9 

1-00005 

10 

1*00012 

11 

1*00021 

12 

1*00031 

13 

1*00043 

14 

1*00056 

16 

1*00070 

16 

1*00086 

17 

1*00101 

18 

1*00118 

19 

1*00137 

20 

1*00157 

21 

1*00178 

22 

1*00200 

23 

1*00223 

24 

1-00247 

26 

1-00271 

26 

1-00296 

27 

1*00319 

28 

1-00347 

29 

1*00376 

30 

1 00406 

36 

1 00670 

40 

1-00763 

46 

1-00964 

60 

1*01177 

66 

1*01410 

60 

1*01669 

66 

1-01930 

70 

1*02225 

76 

1*02541 

80 

1*02858 

86 

1*03189* 

90 

1-03540 

96 

1-03909 

100 

1-04299 


heat; 

Expansion of Water. (Kopp.) 


Density. 

(Density at 0° = 1 .) 

Volume* 

(Volume at 4° = 1.) 

Density. 
(Density at 4° = 




1*000000 

1*00012 

0-999877 

1-000053 

1*00007 

0*999930 

1*000092 

1*00003 

0*999969 

1*000115 

1*00001 

0*999992 

1*000123 

1*00000 

1000000 

1*000117 

1*00001 

0*999994 

1*000097 

1*00003 

0*999973 

1*000062 

1*00006 

0-999939 

1*000014 

1*00011 

0*999890 

0*999952 

1*00017 

0*999829 

0*999876 

1*00025 

0*999763 

0-999786 

1-00034 

• 0*999664 

0*999686 

1-00044 

0*999562 

0*999572 

1*00065 

0*999449 * 

0*999445 

1*00068 

0999322 

0*999306 

1*00082 

0*999183 

0*999155 

1-00097 

0*999032 

0*998992 

1*00113 

0998869 

0*998817 

1*00131 

0*998695 

0*998631 

1*00149 

0*998509 

0*998435 

1*00169 

0*998312 

0*998228 

1*00190 

0*998104 

0998010 

1*00212 

0997886 

0*997780 

1*00235 

0997667 

0*997541 

1*00269 

0997419 

0*997293 

1-00284 

0-997170 

0*997035 

1*00310 

0*996912 

0*996767 

1-00387 

0-996644 

0*996489 


} i #096367 

0*996202 

1-00398 

^•996082 

0*996008 

1-00428 

r 0-995787 
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when cooled, so that at about 4° it is more dense than at any other temperature. 
According to the first of the above formal®, the exact temperature at which wale* 
possesses its maximum density would be 4 08°. The results of other experimenter* 
indicate in general very nearly the same temperature for this point. For 
Halls trom fixed it at 4*1°, Deapretz at 4°, Playfair and Joule at 3 95°, Hagen at 3*87°, 
Frankenheim at 3 86°, Pliicker and Geissler at 3*8° (nearly), 0. v. Neumann at 3*68°. 
Although the melting point of ice (0° C.) is also the point at which water freezes under 
ordinary circumstances, it may by special precautions be cooled much lower without 
becoming solid (p. 74), It is then round that the expansion which takes place when 
water is cooled from 4° to 0°, continues as the temperature sinks below the latter tem- 
perature. This is shown in the following table by Desprets (Daguin’s Traiti is PAy- 
stgue, ii. 205. Paris, 1861), which gives the volumes and densities of water for each 
degree from — 9° to + 4°, compared with its volume and density at 4° as unity. The 
complete table, which extends from — 9° to 100°, agrees in general very closely with 
that already given by £opp ; it is therefore not necessary to reproduce it here entire : 
the portion given corresponds to the last two columns of Kopp’s table. 


Expansion of Water between — 9° and + 4°. (Des pretz.) 


Tempera- 

ture*. 

Volumei. 

Densities. 

Tempera- 

ture#. 

Volume*. 

Densities. 

— 9° 

1*0016314 

0-998371 

- 2° 

1*0003077 

0*999692 

-8 

1*0013734 

0-998628 

- 1 

1-0002138 

0-999786 

-7 

1 0011354 

0-998865 

0 

1-0001269 

0-999873 

- 6 

1 0009184 

0-999082 

+ 1 

1-0000730 

0-999927 

- 6 

1 0006987 

0-999202 

2 

1-0000331 

0-999966 

- 4 

1-0006619 

0-999437 

3 

1 0000083 

0-999999 

-3 

1-0004222 

0-996577 

4 

1-0000000 

1-000000 


Frankenheim (Jahresber. iib. Chemie, u. s. w., 1852, 61) calculated from Pierre’s 
observations the following empirical formulae, to express the volume of water at t°, 
compared with it* Volume at 0® taken as unity : 

v ^ Between — 13° and 0°. 

Y- 0-00009417 t + 0-000001449 P - 0 0000005985 t\ 


It is not necessary to give the other six similar formula} which he calculated for other 
interyalf of temperature qp to + 98°, nor to reproduce any part of the table which he 
calcukrod by means ijg them, except the following numbers referring to temperatures 

Temperatures —15° -10° -5° 0° 

Volumes ,* 1*0037584 1 0016861 : 1-0005819 1*0000000. 

Tablfll of tile expansion of Water between 0° and 100° have also been constructed by 
Hagen (see Jahresber. iib. Chemie, u. b. w., 1866, 60), Kremers (ibid. 1861, 62), and 
others. « •' • : •*. 

Kopp’s table further ihcws that water expands more anf more rapidly as the tem- 
perature rises. This property likewise is found to remain the same when, by increasing 
the pressure upon it, water fe’kspt liquid at temperatures above 100°. Thus, for 
example, by observing Under the microscope the apparent expansion of water in ther- 
mometer-tubes, Sorby (Phil. HSgv [4] rviii. 81) obtained results from which he 
calculated the following formula for its expansion between 0® and 200° : 


V « 0-9977 4 0*000123 t + 0 00000330 P, 
which accords closely with the formula which he calculated for the same interval of 
t*mpera$i* ™n |Copp’s experiments, na 


t 4 0 0001101 f 4 0*00000343 t*. 

COmm. Pharm. 1861, 33 ; Ann. Ch. Pharm. cxix. 


Egg? 


Volumes calculated b jr 
Kopp’s formula. 

mo; 

156*6- 


- - Tom 

/; 1*0722 

f 11016 

1-0429 

10716 

1*1014 
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ThA MMflMe of saline subatance* in solution in water renders its rate of expansion 
■ *** prcwcnos , , above 100° TFor determinations of the rate of expan- 

gownmform, both below and above lOO“. L^or a Jahresber. fib. Ohemie, 

f*°J lithium - flnd ^rium-Further, 

«*■ W 'i „ li^nd . JahreabeP 1868 41: chlorides of calcium, cadmium, strontium, 
^r^TmLffnestum ^brom^des of^Otassium, sodium, Uthium, barium, strontium.— Further. 
.nnc,nmgnesiu , po 1869 43 ; bromides of strontium, calcium, magne- 

Pogg. A?”' *. '• .’iodides of potassium and sodium; hydrochloric acid.— Further, 
Pogg. Ann.'cxh 1 60 ; Jstesber. 1860, 46: iodides of lithium barium stmntium rat 
SmStnesium, zinc, cadminm.-Further, Poeg. Ann. cut. 41; Jrihresber. 1861 60. 
nitratanand sulphates of potassium, sodium, lithium ; aqueous nitric and sulphuric 
« Gerlacf (Jahresber. 1869, 42-48: chlorides of potassium, sodium, lithium, 
ammonium, magnesium, calcium, barium, aluminium; sulphates of potassium and 
sodium; carbonates of potassium and sodium ; tartaric acid, citnc acid, cane-sugar), 
and Sorby (loo. cit . : chlorides of potassium and sodium, sulphateof Bodium).] 

The temperature of maximum density of aqueous solutions is lowirthan that of pure 
water In fact, with solutions of many substances, this temperature lies lower than the 
binary freezing-point of the solution, and is in general (as well as the freezmg-pomt) 
lower the larger the proportion of saline matter contained in the solution. 

Points 0 / Maximum Density and Congelation qf Aqueous Solutions. (Despretz.) 

I Weight of lubstance Temperature of maxi- Freezing-point of the 

Substances. in 997*46 parts of water. mum density. solution when shaken. 


Sea-water 
Chloride of sodium 


Chloride of calcium 


Sulphate of potassium 


Sulphate of sodium 

i» » * 

it i» 

| i» M 

I Carbonate of potassium 

| Carbonate of sodium 

I n »» 

Sulphate of copper 
j Potash . 

I Alcohol 
Sulphuric acid 



- 3*7° 

12*3 

+ 1*2 

24-9 

- 1*7 

37-0 

- 4*75 

74-1 “ 

- 160 

62 

+ 32 

12*3 

+ 205 

24*7 

+ 0*06 

370 

- 2-4 

74*1 

- 10*4 

6*2 

+ 2*9 

12*3 

+ 1*9 

24*7 

- 0*1 

37*0 

- 2#- 

74*1 

- 8*4 

6*2 

+ %'6 

12*3 

+ 1*15 

24-7 

- 1*5 

370 

- 4*3 

37*0 

- 3*95 

74*1 

- 12*4 

371 

- 7*0 

74*1 

- 17*3 

680 

- 0*6 

37’4 

- 5*6 

74*1 

- 15*95 

74*1 

+ 2*3 

12*3 

+ 0*6 

24*7 

- 1*9 

370 

- 6*0 


- 1 * 88 ° 
- 08 

- 1*4 

- 21 

- 43 

- 0-2 

- 0*5 

- 10 

- 39 

- 6-3 

- 01 

- 0-3 

- 0-65 

- 2*1 

- 41 

- 02 

- 0-4 

- 0*7 

- 1*3 

- 3-2 

- 2-25 

- 2-85 

- 2-2 

- 1*3 

- 21 
4’ 3 

$- 2*8 

- 0*4 

- 11 
- 1*3 


In the tables which follow, Kopp has collected togethertbe results of his own and 
Pierre’s determinations of the expansion of nearly ninety other liquids, chiefly organic. 
In each table, the several substances are arranged in theOiiier of their boiling-points, 
beginning with the lowest. Except where the contrary £ fc : J rtated» ^ vtihnne of each 
liquid at 0° C. is taken as the unit, with which its vo&ajpat higher temperatures is 
compared. * y 

Table A (Ann. Ch. Pharm. c. 21) gives the expansion of seven nitrogenous com- 
pounds from the determinations of Kopp and Pierre. 
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T»bl» B (Hid. **n. W*) B«T<>r *• • 

other elements then cuboo, hydrogen, tnd oxtms, 

H. Kopp : — Table C (ibid. sen. 904) girts the «prp*n«|^ nyf " 
containing ^sulphur, iodine, bromine* and chlorine, according to &7exp<aimS^ 


Tajklb A* 


•c. 

Kopp. 

PlBlU. 

Kopp. 

1 

Cyanide of 
methyl 
(acetoni- 
trile). 
C*H*N. 

Nitrate of 
ethyl. 
C*H 4 NO\ 

anate^ 

roethvl. 

OWNS. 

on of 
mustard. 
C*H 5 NS. 

Aniline. 

C*H*N. 

Cyanide of 
phenyl 
(benxonl- 
trlle;. 
C'H'N. 

Nltroben- 

tene. 

C«H*NO*. 

0 

10000 

10000 

10000 






10 

10142 

10117 

10098 

10107 

10083 

10093 

10084 

10 

20 

10260 

10244 

10200 

10215 

10167 

10186 

10168 

20 

30 

10384 

10377 

10306 

10324 

10253 

10279 

10253 

30 

40 

10623 

10517 

10416 

10434 

10342 

10373 

10340 

40 

60 

10669 

10661 

10531 

10546 

10433 

10467 

10428 

60 

60 

10824 

10810 

10653 

10660 

10526 

10562 

10618 

60 

70 

10988 

10962 

10781 

10777 

10619 

10659 

10609 

70 

80 

11161 

11116 

10909 

10897 

10716 

10757 

10701 

80 * 

90 


11270 

11042 

11021 

10815 

10857 ** 

10796 

90 

100 



11178 

11148 

10915 

10961 

10892 

100 

110 



11318 

11280 

11018 

U067 

10990 

110 

12# 



11462 

11418 

11124 

11177 

11090 

120 

130 



11609 

11661 

11231 

11289 

11192 

130 

140 



| 11760 

11708 

11341 

11406 

11297 

140 

160 




11862 

11464 

11528 

11404 

150 

160 





11569 

11652 

11612 

.100 

170 





11686 

11783 

11623 

170 

180 





11806 

11919 

11736 

180 

190 





11928 

12061 

11853 

190 

200 






12209 

11972 

200 

210 







12093 

210 

220 







12218 

220 


From the inspection of these, tables it will be seen that, as a general, though not 
universal, rule, those substances expand most rapidly at ordinary temperatures whose 
boiling- points are lowest; that isomeric compounds having the same boiling-point, 
expand at the same or very nearly the same rate (e. g. formate of ethyl and acetate of 
methyl, C*H*0* ; propionate of ethyl and butyrate of methyl, C 5 H ,0 O a ; butyrate of 
ethyl and valerate of methyl, C*H l2 0 2 ) ; that the rate of expansion of each liquid 
increases as the temperature rises. This last fact becomes still more apparent on 
comparing the coefficients of expansion at different temperatures (for a table of the true 
efficients of expansion of the liquids examined by Pierre, see Gmelin’s 
Handbook , i. 226), and a consequence of it is that, when the volumes of different liquids 
are compared at the same number of degrees below their several boiling-points, the 
^o ume of each liquid ^mt its boiling-point being taken as unity, the alterations corre- 
sponding to equal intervals of temperature are found to be often much more uniform 
tnan when the comparison is made (as in the tables which follow) for the same absolute 
emperatures. (Tables of Pierre’s results, calculated for equal distances from the 
TOUing-points, are given in Qtnalin’s Handbook , i. 227-230.) 

■, 8 fC va ^ 10ns the expansion of liquids by the methods already described are 
n t *° temperatures bettjsthe ordinary boiling-points, but by special methods such 
inwiJ^ 1013 * f* 11 * ^ ^tendSTto higher temperatures, and it is then found that the 
c»nkf Ln ^ ji ° °* continues up to the highest points at which determinations 

oe made, so that, under such circumstances, liquids may expand as rapidly as 
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• The rolurcet gi»en by Orion are the <, m rmt eolume., ^corrected for the expansion of the glut: the corrected, of true, Tolarne. would be a little greater. 
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puses, or even more rapidly, for equal increments of temperature. Determinations of 
the expansion of water above 100°, by Mcndelqjeffi have already been pi veil (p. 59); 
the preceding table (p. 6(5) contains the results of the oliservatkms of Drion (Ann! 
Ch. Phys. [3] lyi. 5), Andreeff {ibid. lvi. 317), and Mendelejeff {he. eft.) on 
some other liquids at temperatures above their usual boiling points. To serve na a 
standard of comparison, the expansion of air is given in the last column of the table. 

Expansion of Solids. — In speaking of the expansion of solid bodies, it is needful 
to distinguish between linear expansion, or the increase in length of a linear unit ; 
superficial expansion, or the increase in the area of a unit of surface; and cubical 
expansion, or the increase in bulk of a unit of volume. If a solid body, whose length 
is A linear units, expands, when heated from 0° C. to 1°, so as to measure A + a at the 
higher temperature, a portion of its surface containing A 3 superficial units at the lower 
temperature will become {A + a)- when expanded, and, At the same time, the volume A n 
will become (A 4- a) 5 . We have therefore for the i n creajkAliBt ltffigth , or 

linear expansion, A + a —A «=*#;■• for the 

superficial expansion, {A + a) 2 — A* = 2 Aa +'£*; for the 

cubical expansion, {A + a)* — A* — 8A 2 a + 3 Aa 1 + a*. 


Put since a is always a very small fraction of A, a- is also a very small fraction 
of a; hence the second and third terms of these expressions mav be omitted. Accord - 
ingly, the expansion of A I incur units may be taken as a, the expansion of A 3 superficial 
units as 2 Aa, and the expansion of A 3 cubical units as 3 A*a. The coefficients of linear, 
superficial, and cubical expansion, or the expansion of one unit of each kind, will 
therefore be respectively 


« 2Aa 
A’ A* 


2 A’ 


and 


3 Ah, 
A s 


3 


a 

'7l' 


that is to say, the coefficient of superficial expansion is twice ns great, and the coeffi- 
cient of cubical expansion three times as great as the coefficient of linear expansion. 

When a hollow vessel is heated, its capacity increases to exactly the same extent as 
it would do if filled with the substance of which its sides are composed; that is, its 
expansion is the same -ns the cubical expansion of a solid mass of the same material 
and dimensions. If tc be the coefficient of cubical expansion of any kind of glass for 
a rise of temperature of 1° O., a vessel made of this glass and having the capacity V„ 
at 0°, would have at t° the capacity J\ =» K 0 (1 + k t). .Similar considerations are 
applicable in the ease of a glass vessel which is divided into parts of equal capacity by 
a scale etched upon the side, when the space comprised between two consecutive divi- 
sions at 0° is taken as the unit of capacity. The apparent volume V v read off at t ° , 
would (hen correspond to the real volume P 0 (1 + k t) referred to the unit adopted. 
Determinations of Linear Expansion.-— The linear expansion has been measured for 
the greater number of sueh substances as can bo obtained in the form of rods or bars 
of considerable length. For the purpose of such measurements, one end of the bar 
js fixed immovably, and its length is measured, by means of mierometrie apparatus 
attached to the other end, at two known temperatures, such as 0° and 100° C., which 
can be maintained constant sufficiently long to make it certain that they have been 
attained by the bar throughout its wlioie mass. The following table of linear expansions 
between 0° and 100° C. is from Pro's Dictionary of Chemistry, cd. 1836, pp. 271, 272. 
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Dimensions which a bar takes al UXP C. whose length nt 0° Is 1 -000000. Expan- 

(Hass tul>e 

. Smoaton . 

. 1 00083333 

bio 

n. 

■ 

. Rov . 

. 1 000776 10 



» . 

. Deluc s mean 

. P00082800 

i 

rmr 

» - 

Dulong and Petit 

. P00086130 


l" 

Plato glass .... 
,, crown glass 

. Lavoisier and Laplace 

• »* 11 

. POOO81160 

. 1*00080089 

. 1 00087672 

& 

X 

” M ... 

• »» „ 

. 1 00089760 

1 y* 

„ rod 

Deal . . . , ! 

Platinum . . , ! 
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. 1 00091751 



. Roy .... 

. 1 00080787 



. Roy .... 
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as glass 
. 1 00080065 
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. Dulong and Petit 

. 1 00088420 
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Trough ton 

. 1 00099180 
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. 1 00110000 
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Linear Expansion of Solids by Heat. 
Dimensions which a bar takes at 100° C. whose length at 0 is 


1*000000. 


Expan- 

sion. 


Pul lad iura 
Antimony 
Cast-iron prism 
Cast-iron 
Steel 
Steel rod 
Blistered steel 

Steel not tempered 

j) tempered yellow 

” ” ” at a higher heat 

Steel 

Hard steel 
Annealed steel 
Tempered steel 
Iron 

Soft iron, forged 
ltouinl iron, wire drawn 
Iron wire 
Iron 

Bismuth . 

Annealed gold 
Gold 

„ procured by parting 
„ Paris standard, unannealed 


anne 


ailed 


rod 
in a trough 


from Hamburg 
form 


Copper 


Brass 


Brass scale, suppose< 
Cast Brass 
"English plate-brass, 

>> >> 

Brass 


Copper 8, tin 1 
Silver 


,, of cupel . 

,, Paris standard 
Silver 

Brass 16, till 1 
Speculum metal 
Spelter solder ; brass 2, zinc 1 . 
Malacca tin . 

Tin from Falmouth , 

Fine pewter 
Grain tin 
Tin . 

Soft solder ; lead 2, tin 1 
Zinc 8, tin 1, a little hammered 
Lead 
» * 

Zinc . 


“Wollaston . 

Smeaton . 

Roy • • • _ . 

Lavoisier, by Dr. Young 
Troughton . 

Roy . 

Phil. Trans. 1795, 428 
Smeaton . 

Lavoisier and Laplace 


Troughton 
Smeaton . 
Muschenbroek . . 

Borda 
Smeaton 
Lavoisier and Laplace 

» i* 

Troughton 
Dulong and Petit 
Smeaton . 
Muschenbroek . 
Ellieot, by comparison 
Lavoisier and Luplnce 


Muschenbroek . 
Lavoisier and Laplace 

Troughton 
Dulong and Petit 
Borda 
Lavoisier and Laplace 

Roy . 

Smeaton . 

Roy . 

Troughton 
Smeaton . 
Muschenbroek . 
Smeaton . 

Herbert 
Ellieot, by comparison 
Muschenbroek . 
Lavoisier and Laplace 

»» >» 
Troughton 
Smeaton . 


Lavoisier and Laplace 

M ** 

Smeaton . 

Muschenbroek . 
Smeaton . 

Smeaton . 

Lavoisier and Laplace 
Smeaton . 


1*00100000 
P00108300 
1-00110940 
1-00111111 
1-00118990 
1 00114470 
1-00112500 
1-00115000 
1 00107875 
1-00107956 
1-00136900 
1-00138600 
P00123956 
1-00118980 
1-00122500 
1-00122000 
1-00137000 
1-00115600 
1-00125800 
1-00122045 
1-00123504 
1-00144010 
1-00118203 
1-00139200 
1-00146000 
1-00150000 
1-00146606 
1-00155155 
1-00151361 
1-00191000 
1-00172244 
1-00171222 
1*00191880 
1 00171821 
1 00178300 
1-00186671 
1-00188971 
1 00185540 
1 00187500 
1-00189280 
, 1 00189490 

, 1 00191880 

, 1-00193000 

, 1 00216000 
. 1-00181700 

. 1*00189000 

. 1-00210000 
. 100212000 
. £00190974 

. ti0190868 
. £#0208260 
. 1-00190800 

. 1 00193300 

. 1-00205800 

. 100193765 

. 1-00217298 

. 1 00228300 

. 1-00248300 

. 1-00284000 

. 1*00250800 

. 1-00269200 

. 1-00284836 

. 1-60286700 

. 1-00294200 
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LINEAR EXPANSION. OF SOLIDS. 

Linear Expansion of Solids by Heat. 

Dimensions which a bar takes at 100° C. whose length at 0° is 1*00( 000. Expan- 

sion. 

Zinc, hammered out £ inch per foot . Smoaton .... 1*00301100 

Glass, from 0° to 100° . . . Dulong and Petit . . 1*00086130 ^ 

„ from 100° to 200° „ „ . 1*00091827 

„ from 200° to 300° . . „ „ . 1*000101114 ^ 

The last two measurements by an air-thermometer. 

Messrs. Calvert, Johnson, and I/O we have determined the linear expansion of a con- 
siderable number of metals and alloys by a modification of the method above described, 
for the details of which we must refer to the original paper published in the Mechanics* 
Magazine. 

The following are the linear expansions of simple metals between 0° and 100° C. 
thus determined : — 


Cadmium (pure) 



. 0 00332 

Lead (pure) . 



. 0*00301 

Tin (pure) 



. 0*00273 

Aluminium (commercial) 



. 0*00222 

Zinc, forged (pure) 



. 0*00220 

Silver (pure) 



. 0*00199 

Gold (pure) . . 



. 0*00138 

Bismuth (pure) 



. . 0 00133 

Wrought iron 



. 000119 

Cast iron 



. 0 001 12 

Steel (soft) . 



. 000103 

Antimony (pure) . 



. 0 00098 

Platinum (commercial) . 



. 0 00008 


From the preceding table it will be seen that the coefficients of expansion of the metals 
vary with their physical condition, being different for the same metal according sis it has 
been east, hammered and rolled, hardened, or annealed. As a general rule, those 
operations which increase the density, appear also to increase the rate of expansion by 
heat. But even for substances in apparently the same condition, different observers 
have found very unequal amounts of expansion; this may arise, in the case of Vom- 
pound substances, such as glass, brass, or steel, from a want of uniformity in chemical 
composition, and in simple bodies from slight differences of physical state. Hence, in all 
cases where great accuracy is required in the determination of the linear expansion, as in 
rods employed for pendulum observations, or for the measurement of the base-lines of 
surveys, it is impossible to rely upon the results of previous determinations of the 
expansion of the material in question ; but t lie linear expansion of each individual rod 
must be determined by a special experiment : this was done, for instance, by Do Borda, 
with each of the four platinum measuring rods (each two toises, or twelve French feet 
h-ngi, which were employed in the measurement of the are of meridian, from whicli the 
length of the metre was deduced. 

Copper rods were laid upon the platinum rods, and both were firmly fixed together 
at one end; the copper rods carried a divided scale at the other end, which indicated 
directly the twenty-thousandth part of their length, while by means of a vernier 
attached to the corresponding end of the platinum rods, tenths of those 'divisions, or 
about the one-hundredth part of a French line, could bo read off. In this way, the 
difference in the expansion of two rods of the same length but different materials can 
be determines! with great accuracy, and if the coefficient of expansion for the material 
of one rot! is known, the coefficient of that of the other can be calculated. 

If both rods have the same length, L , at 0 Q , and at t° one has the length 1J — L 
(1 + a 0, the other the length //’— L{ 1 + at), we have U — X" — Lt(a — a'). But 
A - X" is the observed difference of length at the temperature t°; and hence if a is 
known, a' is easily calculated. In this way, Dulong and Petit deduced the linear ex- 
pansion of copper from that of platinum. 

If, on the other hand, the expansion of the material of two rods thus united is 
known, and can be taken as proportional, within certain limits of temperature, to the 
indications of the mercurial thermometer, the combination of the two rods may be 
employed as a metallic thermometer. The measurement of temperatures in this way 
is specially valuable in the case of standard measures of length, which can thus be 
mad** to indicate their own temperature. If, for instance, the two rods have the same 
length at 0°, and differ at 100° by the amount Z>, and at by the amount d, the tem- 
perature is given by the equation t-** ~ 100. 



TO 

The unequal expansion of different metals has been taken advantage of for the con- 
atmction of thermometer * of another kind . If two straight strips of different metals 
are fastened together throughout their whole length, any variation of temperature must 
cause the compound strip to bend , bo that the least expanded metal will be on the con - 
cave side, and the most expanded metal on the convex side of the curve, isreguefc a 
thermometer, constructed upon this principle, is made from a compound plate of platinum, 
gold, and silver, soldered together, the gold in the middle. This is rolled out very thin, 
and cut into very narrow strips, which are coiled round into spirals. The thermometer 
consists of such a spiral suspended by one end from a support, and carrying a needle 
which swings round a divided circle at the other. 

Supposing the silver to be inside of the spiral, any rise of temperature will be indi- 
cated by the untwisting of the spiral, and a fall of temperature by its twisting more 
tightly. The small mass of this instrument, and the low specific heat of the materials 
composing it, cause it to indicate changes of temperature very rapidly, and to be affected 
by very small quantities of heat. 

Determinations of Cubical Expansion. — When the coefficient of liuear expansion of 
a substance is known, its coefficient of cubical expansion is obtained by multiplying 
the linear coefficient by 3, as already explained (p. 67). The cubical expansion can 
also bo ascertained by direct measurement. The following method was employed 
by Dulong and Petit for this purpose: Into a glass tube, 18 millimetres wide, 6 
decimetres long, and closed at ono end, they introduced a rod, previously weighed, of 
a metal not attacked by mercury. Let W be its weight. The tube was then drawn 
out at the open end and bont as in fig. 53G, after which it was filled with pure mer- 

cury, and boiled 
636 ‘ out to remove 

every trace of air, 
exactly as infilling 
a mercurial ther- 
mometer. In this 
state the appara- 
tus was placed ho- 
rizontally, and 
surrounded with 

melting ice, the point dipping below the surface of mercury contained in a small 
capsule. It was thus filled with mercury at 0°. The capsule was next emptied, 
replaced under tho point, and the apparatus allowed again to assume the temperature 
of tho atmosphere. Then, by weighing together tho tube and capsule, and deducting 
from the gross weight their weight before the introduction of the mercury, they ob- 
tained the weight, XV, of the mercury which exactly filled at 0° so much of the capacity 
of tho tube as was not occupied by the metal rod. Tho experiment was completed by 
heating the instrument in an oil-bath to a high temperature, t , and weighing the 
quantity of mercury which escaped from the point, as in the determination of a tem- 
perature by moans of the weight-thermometer (p. 18). 

If D 0 and D it r represent the densities at 0° of mercury anH of the metal ; A, x, and k, 
the coefficients of cubical expansion of mercury, of the metal, and of glass respectively, 
their volumes at 0° will bo represented by 

W IP , sW JPx 

2V 2i£- and (li£ + 2V> 

and if w is the weight of mercury which escapes from the tube between 0° and t°, the 
weight of mercury remaining in the tube at the latter temperature will be W —w. 
Then putting the volume of this weight of mercury at the temperature t f together with 
that of the metal rod at the samo temperature, equal to the capacity o#t$»e tube which 
contains them, we have 

)V-w,. . ^ IP , /XV }V\ 





whence 


wIV 

lVD a t ' 


IV J / xv w\ sW-w^ A > 
IP \ \J> . + 25?) * “ \ K 'J > 


ary t 

previous experiments in the way already described. 

Another, to some extent similar, method of measuring the cubical expansion of solid 
bodies, consists in determining their specific gravities at various temperatures, the bulk 


of a given weight of a substance beinj 


ig inversoly 
ent of wate 


as its density. 


_ ittlo at various temperatures is first ascertained; then, the weight "of the 
ittle is determined at the same temperatures after a known weight of the substance 
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under examination ha a been put into it, end the interstices filled with water. Let IT 
be the weight of water which 'fills the bottle at the temperature /, W' the weight of the 
solid substance, and 8 the weight of water and solid substance which together fill the 
bottle at t°; then the density of the substance at t°, compared with that of water at 

the same temperature, ia D, = ' "jp'j * ^ re P refl6nts th® which a 

unit-volume of water measured at 0° assumes at t°, the density of the substance at t° f 

compared with that of water at 0°, is -rr =* D 0 . lastly, if the density D 0 ' of the sub- 

' t 

stance at some other temperature f°, has been determined in the same wag, its mean 
coefficient of cubical expansion for one degree between C and t'° is y;; g ~ 9 . . . 

Table of Coefficients of Cubical Expansion of Solids for 1° C. 


Substance, 



Coefficient. 

- » 

Interval of 
Temperature. 

Observer. 


l 

F5TO5 

= 0-0000258 

0° to 100° 

Dulong 


\ 

STTScfCtr 

« -0000275 

1 0 

„ 200 

>» 



= -0000304 

0 

„ 300 



•0000260 

17 

„ 99 

Kopp 

d 


■0000263 

7 

„ 99 




■0000209 

16 

„ 100 



1 

3oaa5 

- -0000276 

0 

„ 100 

Regnault 


i 

s 2 7 a <s 

= -0000305 

0 

„ 300 

»t 


i 

43800 

*» -0000228 

0 

„ 100 

»»* 


42»l5 

= -0000233 

0 

„ 300 

»i 


SSaoti 

= -0000355 

0 

„ 100 

Dulong 


5aTow* 

= -0000441 

0 

„ 300 



•0000370 

13 

„ 100 

Kopp 


1 

TUIco 

= -0000515 

0 

„ 100 

Dulong 


17^00 

= -0000565 

0 

„ 300 



•0000518 

11 

»i 99 

Kopp 


1 

577 d<4 

» -0000265 

0 

„ ioo 

Dulong 


X 

Sda 00 

=» -0000275 

0 

„ 300 

*i 


■0000889 

11 

„ 100 

Kopp 



•0000689 

12 

,, 99 

n 



•0000893 

11 

„ 44 

it 



•0000936 

12 

» 43 

t» 



■0000400 

12 

41 

tr 



0000331 

12 

„ 43 

ii 



■0001826 

14 

„ 46 

it 



•0000680 

14 

„ 48 

»t 



•0000358 

15 

„ 45 

it 



•0000338 

15 

„ 47 

it 



•0000322 

14 

i, 46 

it 



•0000163 

16 

,i 46 

ti 



■0000404 

13 

47 

M 



•0000291 

17 

,i 60 

it 



•0000623 

14 

,, 47 

it 



•0000647 

10 

„ 43 

it 



'0000175 

9 

„ 42 

it 



•0000352 

13 

„ 43 

it 



•0000350 

14 

,, 45 

it 



•0000681 

12 

42 

it 



0000608 

12 

ii 45 

tt 



•0000225 

13 

„ 99 

tt 



•0000403 

18 

„ 100 

JDeviil© and 
( Trooet 



*0000108 

0 

„ M0 



'0000108 

0 

„ 1000 

it 


Glass 


Soft French glass 
,, „ another 

Hard potash glass 
Common glass 


Crystal glass fro: 

le-Roi . 

»♦ » 
Iron 

ii ■ • 

,, (soft wire) 
Copper 

o • 

„ (wire) 
Platinum . 

M * 

Lead , 

Tin . 

Zinc 

Cadmium 
Bismuth . 
Antimony 
‘Sulphur . 
Lead-glance 
Zinc-blende 
Iron -pyrites 
Rutile 
Tin-stone (SnO*) 
Specular iron 
Magnetic iron 
Fluor-spar 
Arragonite 
Calc-spar . 
Bitter-spar 
Spathic iron-ore 
Heavy spar 
Coelestine 
Orthoclase 
Quartz 

Bayeux porcelain 


•m Choisy- 


ore 




J2 HEAT, 

The cubical expansion of a considerable number of crystallised compounds has also 
been determined by Joule end Playfair ( Chem , Soc. Qu. J. i. 121 ; for a table 
of the results, see also Graelin's Handbook , i. 234). 

From the determinations given at the beginning of this table, it will be seen that 
the coefficients of expansion of solid bodies become greater as the temperature rises ; 
but that the coefficient of expansion of platinum, which at the temperatures of the 
experiments is very far from the point at which fusion or softening occurs, increases 
much less than the coefficients of expansion of the more fusible metals, copper and iron. 
The rule thus indicated has been found to be verified in other cases also, so that with 
solids, as well as with liquids, the coefficients of expansion remain sensibly constant at 
temperatures far removed from those at which change of state occurs, and vary more and 
more rapidly os these latter temperatures are approached. 

The expansion of amorphous solids, and of those which crystallise in the regular 
system (CitYSTALLOonAPHY, ii. 121), is the same for all dimensions, unless when they 
are subject to u mechanical strain in some particular direction. A fragment of such a 
substance varies in bulk witli variations of temperature, but retains always the same 
shape. 

Crystals not belonging to the regular system exhibit when heated an unequal ex- 
pansion in the direction of their axes, in consequence of which the magnitude of their 
angles becomes altered (Mitschorli ch, Pugg. Ann. i.' 125 ; x. 137). In crystals be- 
longing to the trimetric system, the expansion is different in the direction of all three 
axes; in arragonito, on raising the temperature from 0° to 100°, the inclination of the 
lateral faces increases by 2' 46", and that of the terminal faces diminishes by 6' 29"; 
gypsum is, according to Fresnel (Bull, des Sc. Mat, hem. 1824, 100 ; also Fogg. Ann. 
ii. 109), more expanded by beat in the direction of the principal axis than in that of 
the lateral axes, in crystals belonging to the hexagonal system, the expansion is the 
same in the directions of the throe secondary axes ; but different from that according 
to the principal axis. The obtuse angles of .the primitive rhomboliedron of ealespar 
diminish .by 8y when the crystal is heated 100°, and the acute angles increase by the 
same quantity. Hence it may he calculated that the relative expansion of the principal 
sixi’r (compared with that of the secondary axes) amounts to 0-00342; moreover since, 
according to Mitsehorlich and Dulong, the cubical expansion of ealespar between 0° and 
100° is only 0 001 961, it may likewise be determined that ealespar, when thus heated, 
docs not expand in the direction of the secondary axes, but contracts by 0-00056, and 
t hut tho absolute expansion of the principal axis may be estimated at 0*00280. In bitter- 
spar, the obtuse Jingle of the primitive rhomboliedron diminishes when the temperature 
is raised from 0° to 100° by 4' 6", in ferruginous bitter-spar by 3' 29"; in iron-spar 
containing a considerable quantity of manganese, by 3' 31", and in pure iron-spar by 
2' 22". Since now, among all these minerals, ealespar forms the least, and ferruginous 
hitter-spar the most obtuse rhomboliedron, it follows that the expansion in the direc- 
tion of tho principal axis does not increase in the same proportion as the relative 
length of the axis itself diminishes (M its clier lick). 

The following direct determinations of the linear expansion of several crystallised 
substances, between 0° and 100°, made by Pfnff (Jahresber. 1858, 7), show very 
distinctly the inequality in the amounts of expansion in the direction of the different 
axes. 


Linear Expansion of Crystals between 0° and 100° 


Monmnelric Crystals. 

Dimetric or Hexagonal Crystals. 

Substance. 

Expansion. 


Expansion,* 


Principal Axis. 

^jtcondary Axes. 

Garnet . 
Iron-pyrites . 
Magnetic iron 
Lead-glance . 
Fluor-spar 

0*0008478 
*001008 1 
*0009510 
*0018594 
*0019501 

Tin-stone 

Vesuvian 

Zircon . 

Beryl . 
Corundum 
Quartz . 
Tourmaline 
Calc-spar 

0 0004860 
*0007872 
*0006264 
*0001721 
*0006876 
•0008073 
•0009369 
•0026261 

0*0004526 

•0009629 

•0011054 

-0*0000132 

•0006551 

*0015147 

•0007732 

-0*0003105 


Note.— A minus sign ( — ) in the last column denotes contraction, instead of expansion. 


This alteration of shape caused by change of temperature is most easily rendered 
evident in gypsum, of which substance twin-crystals often occur, having pretty nearly 
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the form shown in fig. 537 . From such * ciystal, a portion a b, e d is eut^ so that the 
new surfaces are perpendicular to the surface of combination, m n, of the two halves of 
the crystal, and the face ad is ground and polished. At the temperature of the atmo- 


Fig. 537. Fig . 538. 



sphere, this surface then constitutes a single, unbroken plane ; but when it is heuted 
to about 60° or 80° C M the shape of tho crystal alters in the manner shown in fig. 538, 
ii ml now parallel rays of light falling on tho two halves from a distant object tire 
reflected in different directions, so that two distinct images of tho object may bo seen 
simultaneously by reflection from the surface a b. 

One or two solid bodies are known which, at least within eertain limits of tempera- 
ture, form exceptions to the general rule of expansion by heat, and contract as their 
temperature is raised. For example, tho alloy of 2 pts. bismuth, 1 pt. tin, and 1 pt. 
lead, expands when heated from 0° to 44° C. ; when still further heated, it contracts, 
so that at 56° its density is the same as it was at 0°, and at 69° still greater ; beyond 
this temperature, expansion again takes place; at 87*5° the alloy has once more tho 
same density as at 0°, and at 94°, at which it fuses, tho same as at 44°. (Erin an, Fogg. 
Ann. ix. 657. For the not quite concordant results of If. Kopp, see below, p. 78.) 

Again, a piece of vulcanised caoutchouc, which is stretched by a weight to double its 
length, is shortened by a tenth when its temperature is raised 50° 0., and the shorten- 
ing effect increases rapidly with the stretching weight employed. (J oule, Froc. Koy, 
►See. viii. 36C.) 

filiation between the Sjiecific Heats of Liquid and Solid Bodies , and (heir Coefficients of 
Krjumsion at different temperatures. — It has been pointed out above (p. 40), that tho 
specific heat of any substance includes, not only tho portion of heat required 

cause in it a given alteration of temperature, but also the quantity of heat which 
is expended in modifying its condition of molecular equilibrium, and whose most 
obvious external effect is an alteration of tho volume of the substance. We have also 
s< cn (p. 44), that although no certain data exist for calculating the ratio of these two 
parts of the total specific heat, except in the case of gases, it is nevertheless probable 
the former part, or the real specific heat of a substance, remains the same for all 
conditions, lienee variations ill the total or apparent specific heat must bo supposed 
to result from variations in tho amount of heat expended in overcoming the molecular 
forces. In sensibly perfect gases, the consumption of heat in this manner is the same 
at all temperatures, and so small as to be negligible; accordingly, both the real ‘and 
apparent specific heats of gases are constant at all temperatures (pp. 34 and 42). On 
the other hand, the molecular changes which accompany alterations of temperature in 
liquid and solid bodies are such as require tho expenditure of very considerable quan- 
tities of heat to produce them. These changes doubtless consist in alterations of the 
relative j>osition or arrangement of the molecules, hut of what precise kind wo have no 
means of ascertaining, since tho only measurable portion ot the total effect is the 
externally visible change of volume. 

This change of volume cannot be taken as in every case a measure of the amount of 
molecular work performed by the heat independently of causing alteration of tempera- 
ture; for, as we have seen (p. 69), the communication of heat to water below 4° C. 
causes a change of bulk of the opposite kind . to that which it occasions al>ovo that tem- 
}*eraturc; but we may nevertheless probably admit without great error that, as a 
general rule, the proportion of the total quantity of heat required to raise the tempera- 
ture of a given substance 1°, which is consumed in producing molecular changes, is 
greatest at. those points of the thermometric scale at which the greatest amount of 
expansion accompanies a rise of temperature of 1°, and is least at those points at 
which the corresponding expansion is least. If this supposition be admitted, it accounts 
satisfactorily for the fact that both the specific heats of solid and liquid bodies and thoir 
coefficients of expansion increase, as a rule, with rise of temperature ; and that both 
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these properties vary most rapidly in the neighbourhood of those temperatures at 
which changes of the state of aggregation occur (Comp. Verde t, Expose de la Theorte 
Mkaniquede la Chaleur , Paris, 1863, note G, pp. 133 et seq. ; also Begnault, Mem. 
Acad. Sciences, xxvi. 285 et seq.) On the relations between changes of volume produced 
by external forces and the corresponding evolution or disappearance of heat, see below : 
Relations of Heat to Mechanical Energy. 


3. Changes of State of Aggregation produced by Heat. 

Fusion and Solidification. — When the temperature of a solid body is raised 
continuously, a point is reached sooner or later at which it melts, or exchanges 
the solid for the liquid form ; and when a liquid is cooled, a point is in like manner 
attained at which it solidifies. With most homogeneous substances, the passage from 
the one state to the other takes place suddenly at some particular temperature ; thus 
ice, when heated from a lower temperature to 0° C., becomes only very slightly softer 
or less solid, while if more heat still is imparted to it, it changes at once into perfectly 
liquid water. This temperature forms a definite limit below which we have solid ice, 
and above which we have liquid water, and it is therefore called the melting point of 
ice. Some substances, however, pass when heated from the solid to the liquid state ■ 
without showing any definite melting point; for example, glass and iron become 
gradually softer and softer when heated, and pass by imperceptible stages from the 
solid to the liquid condition. Such substances may be said to begin to melt at the 
lowest tomperature at which perceptible softening occurs, aud to be fully melted when 
further elevation of temperature does not make them sensibly more fluid ; but no pre- 
cise temperatures can be given as their melting points. 

Subject to the qualifications hereafter stated, the following general laws may be 
taken as applicable to the phenomena of fusion and solidification : — 

1°. The state of aggregation of every substance is always the same at the same 
temperature : whon its temperature is raised, it melts at a certain fixed point, or passes 
from the solid to the liquid state, and when its temperature is lowered, it solidifies, or 
passes from the liquid to the solid state, at a point which is also fixed, and is tho same 
as its melting-point. (For substunces which melt gradually, a certain fixed interval 
must be substituted for a fixed point of temperature in the enunciation of this rule.) 

2°. The communication of heat to a solid body at its melting point causes it to melt, 
but does not raLe its temperature ; so also the withdrawal of heat from a liquid at its 
freezing point causes it to solidify, but does not lower its temperature. 

3°. A.9 a general rule, a sudden change of volume (usually an increase) accompanies 
tho passage from the solid to the liquid state. 

we will proceed to consider each of these laws and the exceptions and modifications 
to which they are subject. 

Melting a?id Freezing Points . — Though the temperature at which the passage 
from the solid to the liquid state takes place, and vice versa., is constant (under the 
same circumstances) for each substance, the melting and freezing points of different 
substances vary within very wide limits. Thus sulphurous anhydride melts at — 80° 
(Mitchell, Bcrzel. Jahresbcr. xxii. 59), mercury at — 40°, bromine at — 7 '3°, ice at 0°, 
phosphorus at + 44°, tin at 235°, silver at 1000°, platinum at 2000° (Deville and 
I) o bray). (For tho melting points of particular substances, see the articles in this 
Dictionary where they are respectively described.) 

Theso differences are sufficient to justify the conclusion that even those substances 
which have never been seen to melt, would do so at a sufficiently high temperature, and 
conversely that all liquids, even such as have never yet been frozen, woul<^ solidify if 
exposed to a still more intense degree of cold. Indeed, in proportion as now methods of 
producing extreme temperatures have been discovered, the number of ^fusible solids 
and non-solidifiable liquids has gone on diminishing continually. The Jjy substances 
which can be considered really infusible are those which, when heated, uijaergo chemical 
alteration before their melting point is reached. The most infusible of all substances 
which are chemically inalterable by heat is, probably, carbon in the form of graphite, 
and even this body was found by Despretz to soften when exposed to tho heat produced 
by the electric current generated by 600 Bunsen’s cells arranged in six series of 100. 
On the other hand, absolute alcohol, sulphide of carbon, and some other liquids have 
never been solidified, but at the temperature produced by a mixture of liquid nitrous 
oxide, solid carbonic anhydride, and ether, Despretz found that absolute alcohol became 
HO viscid that it did not run out on inverting the vessel that contained it. 

In very many cases, it happens that a mixture of two or more substances melts at a 
lower temperature than either of its components taken separately: thus, a mixture of 
1 part chloride of sodium with or 2^ parts ice, melts at about — 20°; mixtures of 
fatty acids melt at lower temperatures than the pure acids; the carbonates of potassium 
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and sodium melt more easily when mixed than either salt does alone; RoeeVfasibW 
alloy of 2 parts bismuth, 1 part tin, and 1 part lead, melts between 95° and 98°' an 
alloy of 1 or 2 parts cadmium with 2 parts tin, 4 parts lead, and 7 or 8 ports bismuth 
melts between 66° and 7 1° (B. Wood) ; &c. 

In homologous series of analogous organic compounds, the melting point of each 
term usually rises with its atomic weight. 

Under particular circumstances liquids may be cooled below the melting point of the 
corresponding solid body, without solidifying. This occurs especially wken they are 
cooled very slowly, and are at the same time protected from all mechanical disturbance. 
For instance water* at perfect rest, and under a pressure somewhat greater than that of 
the atmosphere, may be cooled to — 1 6° without freezing, but contact with a-aolid body 
or the slightest agitation is then usually sufficient to cause solidification to commence. 
The smaller the quantity of liquid operated upon, the lower is the temperature to 
which it oan be cooled, and the greater the mechanical disturbance which it will support 
without freezing. Thus, Fournet (Ann. Ch. Phys. (31 xlvi. 203) has remarked the 
frequent occurrence of mists formed by particles of liquid water suspended in an atmo- 
sphere of which the temperature was 10, 12, of even 16 degrees below zero; and Sorby 
found that in glass tubes of 0*1 millimetre in diameter, water could be maintained in 
the liquid state as low as —17°, 

Some remarkable phenomena of this kind have been also observed by Du four 
(Ann. Ch. Phys. [3] lxviii. 370) in the case of liquids cooled without contact with ftny 
solid body. His method of experimenting was to suspend globules of the liquid under 
examination in some other liquid of the same specific gravity, but of lower freezing point, 
and in which it was insoluble. Water was examined while suspended in a mixture- of 
chloroform and sweet oil of almonds ; sulphur and phosphorus, in an aqueous solution of 
chloride of zinc ; and naphthalene, in water. In the experiments with water, the spheres 
of this liquid which floated in the mixture of chloroform and oil were very rarely seen 
to freeze at 0°; in general, solidification occurred between -4° and —12°, the smallest 
globules, as a rule, remaining liquid to a lower temperature than the larger ones, some 
of them having been repeatedly seen still liquid at -18° or —20°. Agitation and the 
contact of solid bodies appears to have much less effect in causing the solidification of 
liquids cooled in this way than when they aro cooled to the same extent in glass vessels. 
For instance, Dufour found that, the globules of water in bis experiments often did not 
solidify when displaced or violently deformed by a glass rod, and even that crystals of 
chloride of sodium, sulphate or nitrate of potassium, sugar, would sometimes fall 
through a globule of water 5 millimetres in diameter, and cooled to at least — 8°, without 
producing any effect. Contact with a fragment of ice, however, in variably caused 
immediate congelation. 

lly operating as above described, Dufour obtained globules of sulphur (melting 
I>oiut 115°) of 6 millimetres diameter still liquid at 40°, and globules of 0’5 millimetre 
diameter remained liquid for several days at 6° or 10°. Globules of phosphorus of 
considerable size were cooled to 20°, and globules of 1 or 2 millimetres diameter to 0° 
without solidifying. Globules of naphthalene (melting point 79°) were obtained still 
liquid at 40°. 

When a liquid solidifies after having been thus cooled below its normal freezing 
point, the solidification takes place very rapidly, and is accompanied by a disengage- 
ment of heat often sufficient to raise its temperature from tho point at which solidifi- 
cation begins up to its ordinary freezing point. This is well seen with crystallised 
hyposulphite of sodium (S 2 Na 2 0\ 6H 2 0), which melts in its water of crystallisation at 
46°, but when carefully cooled will remain liquid for a long time at tho temperature of 
the atmosphere. If it be then caused to solidify, by agitation, or by throwing in a 
small fragment of the solid salt, the resulting rise of temperature is such as to be 
distinctly felt by the hand. 

This phenomenon of continued liquidity, though seldom observed in so marked a 
degree as in the cases above mentioned, occurs so frequently to a less extent, that, 
when the temperature of transition from the solid to the liquid state or vice versa is to 
be used as a mark of the chemical identity of a substance, it is much safer to deter- 
mine the melting point than the freezing point, for the former temperature is not subject 
to variations of the same kind. 

The following method is convenient for taking the melting points of substances in 
chemical investigations. Three or four glass tubes are drawn out till their sides 
become very thin and their bore nearly capillary, and into each is introduced a small 
quantity of the substance to be examined. They are then sealed at the bottom and 
placed in a beaker-glass containing water (or, if the substance melts above 100°, 
paraffin or sulphuric acid), and standing unon a small sand-bath by means of which its 
temperature can be slowly raised. The liquid is heated until the substance melts ; 
then allowed to cool slowly to the point of solidification ; it is then again warmed, and 
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those operations are repeated, the temperatures of liquefaction and solidification being 
noted ea ch time, until several closely concordaut observations of each have been 
obtained , the means of which are the melting and solidifying points required . 

Influence of Pressure upon Melting Points.— The variations which occur in the pres- 
sure of the atmosphere are without perceptible effect in altering the melting points of 
solids or freezing’ points of liquids, but greater differences of pressure are found to 
produce a very sensible effect. This was first observed by Prof. W. Thomson, who 
found that pressures of 8*1 and 16-8 atmospheres caused a lowering of the melting 
point of ice to the extent of 0 059° and 0T29° respectively. These results, therefore, 
verified the previous theoretical conclusions of Prof. J. Thomson, according to which an 
increase of pressure amounting to n atmospheres must lower the melting-point of ice 
by t° — n . 0’0075°, — a formula which gives 0-061° and 0126° as the differences of 
nflu&ling point corresponding to 8*1 and 16 8 atmospheres pressure. By a still greater 
pressure, Mousson (Ann. Oh. Phys. [31 Ivi. 252) succeeded in maintaining water in the 
liquid state ut 5 degrees below zero, and by a pressure estimated at 13,000 atmospheres 
he caused ice to melt at — 18°. Analogous effects have been observed vtith other sub- 
stances by Bunsen (Jahresber. fiber Chemie, u. s. w., 1850, 48) and Hopkins (ibid. 
1854, 48). Their results are given in the following table. Bunsen considers that the 
observations of temperature in his experiments were correct within 0-1°, but that 
thero may bo an error of one or two atmospheres in the estimation of the pressures. 


Freezing and Melting Points under increased Pressure. 


Observer. 

Hopkins. 

Bunsen. 

Niime of 
Substance. 

Sperma- 

ceti. 

Wax. 

Sulphur. 

Stearin, 

Spermaceti. 

Paraffin. 

Pressure in 
Atmo- 
spheres. 


Melting point. 


Pressure in 
Atmo- 
spheres. 

Freezing 

p:»int. 

Pressure in 
Atmo- 
spheres. 

Freezing 

point. 

1 

61-1° 

64’7° 

107*2° 

67*2° 

1 

47*7° 

1 

46-3° 

620 

600 

74*7 

1352 

68-3 

29 

48-3 

85 

48-9 

793 

80-2 

80-2 

140-5 

73-8 

96 

49*7 

100 

49-9 






141 

50-5 








150 

60-9 




Latent Heat of Fluidity . — It has been pointed out already (p. 73) that the 
specific heats of solid bodies increase as they approach their melting points, and this 
fact has been connected with the increase of the coefficient of expansion which 
generally occurs simultaneously. In order to raise the temperature of a solid hotly 
1 degree in the neighbourhood of its melting point, more heat is needed than would 
suffice to cause an equal rise of temperature at a lower part of the thermomotric scale ; 
in other words, of a given quantity of heat imparted to a body near its melting point, 
a larger proportion goes to produce molecular modifications (expansion, softening, &c.), 
and a smaller proportion to produce rise of temperature, than is the ease at a lower 
part of the scale. From this point of view, it becomes quite conceivable that, at some 
particular temperature, depending on the nature of the substance under consideration, 
the whole quantity of heat communicated to a body might be expended in causing 
molecular changes (change of the state of aggregation, with or without change of 
volume, &c.), so that its effect in producing a rise of temperature would be imper- 
ceptible. This is exactly what takes place during the melting of solid botjies. 

From these considerations we see that the phenomenon indicated inFhe second law 
of the passage from the solid to the liquid state of aggregation (p. I wkri s one which 
attains its maximum degree of development at the point of actual liqjMpction, but is 
the same in kind as what occurs at lower temperatures. We see alsPtnat the fusion 
of glass and other bodies which have no definite melting point, but in which liquefac- 
tion occurs gradually and extends over a greater or less interval of temperature* does 
not differ in any essential respect from the sudden melting of ice at the fixed tempera- 
ture of 0° C. In the case of glass, a certain small proportion of the total quantity of 
heat imparted to it during its liquefaction, is expended in causing elevation of tempera- 
ture; in the ease of ice, this proportion is so small as to be imperceptible in comparison 
with that which goes to cause liquefaction. 

It was formerly supposed that the temperature of a body was always proportional to 
the heat contained in it, and therefore that heat could not be communicated to a body 
without raising its temperature. The cessation of the rise of temperature during the 
fusion of solids was first observed by Black, while Professor of Chemistiy in the 
University of Glasgow. He ascertained that, during this process, a considerable quan- 
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(ity of heat, different for different substances, disappears so far as the production of 
thermometric effects is concerned — or, as he expressed it, becomes latent — and that an 
equal quantity of heat appears during solidification. According to modern views, the 
expression latent (or hidden) k-eat is not strictly correct, for the effect of heat imparted 
to ice at the melting point is just as risible, though not the same, as that which it pro- 
duces at other temperatures. Nevertheless, the expression is convenient from the fact 
of its being universally recognised and employed. The latent heat of fluidity is, 
then, the quantity of heat which must be imparted to one gramme, of a solid at its 
melting point in order to melt it without raising its temperature, or which must, be 
withdrawn from a liquid at its freezing point, in order to render it solid without lowering 
its temperature. 

The following table gives the melting points and latent, heats of fluidity, expreatea 
in ordinary heat-units (gramme-degrees), of various sulnstances, according to The 
determinations of Person (Ann. Ch. Phys. [3] xxvii. 250): — 


Latent Heats of Fluidity. 


Substance. 

Melting 

Point. 

Latent 

Heat. 

Substance. 

Melting 

Point. 

Latent 

H. at. 

Mercury 

Phosphorus 

Ijctul 

Sulphur . 

Iodine . 

Bismuth 

Cadmium 

— 39° 
44 
332 

115 

107 

270 

320 

2-82 

5-0 

5*4 

9*4 

11*7 

12*6 

13G 

Tin ... 

Silver 

Zinc 

Chloride of calcium ) 
(CaCl. 3 IPO) \ 
Nitrate of potassium 
Nitrate of sodium . 

235° 

1000 

433 

285 

339 

3105 

14-25 

21 T 
28*1 

40*7 

47*4 

630 


The latent heat of water was found l>y Rcgnault and by Provostaye and Plains to 
be 70° C. According to Person, this number denotes the quantity of heat required to 
convert ice at 0° C. into water, but not the total quantity of the latent heat in tho 
water, inasmuch as a certain additional portion of heat is rendered latent as the tem- 
perature of the ice rises from - 2° to 0° (Ann. Cli. Phys. [3] xxx. 73). In six experi- 
ments on the fusiou of ice previously cooled to between —2° and —21° C., the latent 
heat was found to vary between 79 9° and 80T°, the mean quantity being 80°. Kegnnult 
also found greater values for the lator.t heat of water, as the ice had been cooled to 
a lower temperature. According to Hess, the true latent heat of water is 80'34° C. 
It has been proved by E. Besains (Ann. Ch. Phys. [3] Ixiv. 419) that when water is 
cooled below 0° without freezing, the quantity of heat needed, in order to raise the 
temperature of a given weight from u° below zero to t° above zero, is the same whether 
the water remains liquid all the time, or whether it lirst freezes and afterwards melts 
again. 

It is interesting to compare these values of the latent heat of water with those found 
by Black in 1762 {Lectures on the FJcments of Chemistry, 2 vols. 4 to. Edinburgh, 
IS 03 ; vol. i. pp. 120-127). In one experiment, this philosopher measured the time 
required for the conversion of a known quantity of ice at 32° F. into water at 40° F. in 
a room of which the temperature remained constantly at 47° F., and compared it with 
the time during which the temperature of an equal weight of water rose under similar 
circumstances, from 33° F. to 40° F. Ho thus obtained fur tho latent heat of water 
tho number 139° F., equal to 77*2° C. In another experiment, he melted 119 purls of 
ice at 32° F. by immersing it in 135 parts of water at 190° F., and so obtained 264 
parts of water at 53° F. Hence, taking into account the different specific heats of the 
water and of tho glass in which it was contained, ho deduced the number 143° F., 
equal to 79*44° C. 

The method adopted by Black in the second of these experiments is essentially the 
same as that still employed for tho determination of latent heats of fluidity. A known 
weight of the substance to be examined is heated to a known temperature, aftd then 
immersed in the water (or other liquid) of a calorimeter, the temperature of which is 
such as to cause the substance to melt if solid, or, if liquid, to solidify ; and when 
uniformity of temperature is established in the calorimeter, this temperature is deter- 
mined. The experiment is therefore quite similar to tho determination of the specific 
heat of a substance by the method of mixtures ; the same apparatus may be used and the 
same precautions require to be taken in the two cases (see pp. 25-29). 

In such an experiment let * - 

A be the weight of water in the calorimeter, the water-equivalents of the calori- 
meter and thermometer supposed included ; 

W, the weight of substance operated upon ; 
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the initial temperature of the calorimeter; 

6, the final temperature of the calorimeter ; 

T, the initial temperature of the substance; 

C, its melting (or freezing) point ; 

C f the specific heat of the substance in the solid state between the temperatnres 

C and 0 ; , 

c, its specific heat in the liquid state between the temperatures T and © ; and 
L its latent heat of fluidit y. 

Suppose that the experiment is made upon a melted substance which gives out heat to 
the calorimeter and solidifies in it: then it is plain that the quantity of heat A ( 6-t ) 
absorbed by the calorimeter is made up of three parts— first, the heat lost by the 
substance in cooling from its original temperature to its freezing point; secondly, 
tifeheat given out by it during solidification; thirdly, the heat which it loses while 
coolimr from its freezing point to the final temperature of the calorimeter. That is, 

A(lLt)=W[c{T-V) + L + <7 («-*•)]; 

whQpco v L — jp (0 - 0“ c ( T— tJT) — C'CC — 0). 

The manner in which this formula will require to he modified, in order that it may 
apply to the case of a solid substance which is melted in the calorimeter by absorbing 
heat from it, need not be specially pointed out. 

Changes of Volume accompanying Fusion and Solidification. — Tlio 
accelerated rate of expansion exhibited by most solids as they approach their 
melting points, is in most cases followed by a further expansion during the actual 
process of liquefaction, so that the melted substance occupies a greater bulk than the 
solid of the same temperature from which it is formed. This phenomenon has been 
particularly studied by Kopp (Ann. Ch, Pharni. xciii. 129), whoso principal results are 
as follows : 

Phosphorus (the yellow modification of specific gravity T826 at 10°), expands 
uniformly up to its melting point (44°), at which temperature its volume is 1*017 of 
what it was at 0° ; when melted, its volume at the same temperature is 1052 of the 
volumo at 0°. Hence 100 vols. solid phosphorus at 44° become 103*4 vols. liquid 
phosphorus at the same temperature. 

Sulphur (native crystals, specific gravity 2*069) expands irregularly near its melting 
point (115°). Its volume being 1 at 0°, is 1*010 at 60°; 1*037 at 1 00 ^ ; 1*096 at 
115° ; at the moment of fusion, the expansion amounts to 5 per cent., the volume then 
increasing to 1*160. 

Wax (bleachod bees’ -wax, specific gravity 0*976 at 10°) expands very rapidly as it 
approaches its melting point (64°), but only 0*4 percent, more at the moment of fusion. 
If the volume atO° is 1, the volume at 60° is 1*068; at 60°, is 1*128 ; at 64°, is 1*161, 
and increases by fusion to 1*166. 

Stearic acid (pure, specific gravity nearly 1*0 at 10°) expands less than wax before 
melting, but then expands as much as 11*0 per cent. The volume at 0° being 1, it is 
1 038 at 50°; 1 054 at 60° ; and 1*079 at 70°, at which temperature the acid molts, its 
volumo increasing to 1*198. 

Poses fusible metal (2 pts. bismuth, 1 pt. tin, and 1 pt. lead ; specific gravity 8*906 at 
1 0°) expands, when heated from 0° to 59°, in the ratio of 1 to 1*0027 J hdt contracts when 
further heated, its volumo at 82° being equal to that at 0°, and at 96° equal to 0*9947 ; 
in melting, betweeu 95° and 98°, it expands by 1*65 per cent., so that at 98° its volume 
is equal to 1*0101. This alloy, therefore, contracts from 69^ up to its melting point. 

Water presents a remarkablo exception to the general rule, and expaj^dsatthe mo* 
Tnont of fusion, or contracts on molting by about 10 per cent On# vjjfaute Mice at 0° 
gives 0*918 volume ofwafcer at the same temperature, or 1 volume ofiteter at 0°give# 
1*102 volume of ice, Itafour found, as the mean of 24 experime »p the density of 
ice at 0° equal 0*9175, that of water at the same temperature being U Brunner 
fdtond for the density of ice the number 0*918. 

Solid hydrated salts, on the contrary, expand at the moment of fusion, e.g. 
chloride of calcium (CaCl*.6H*0),*by 9*6 per cent.; ordinary phosphate of sodium 
(PNa*H0 4 .12H*0) and hyposulphite of sodium (S 3 Na*0 i .5H*0) each by 6*1 per cent. 

The expansion which tiikcs place in water at the moment of solidification affords an 
explanation of several important phenomena. In the first place, it enables us to under- 
stand why increase of pressure should retard&he freezing of water, instead of faci- 
litating it, as it does that of most other liquids Since the tendency of both heat and 
pressure is to diminish the bulk of water at 0°, and therefore to oppose the change of\ 
volume that occurs on freezing, it if^aittly conceivable that the one influence may 
least within certain limits) replace tW otber, and that a strong pressure applied 
water at or below 0° may as effectually prevent its solidification, as the communication* 
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of heat which would raise its temperature above the freeing point. In the case of 
substances whose volume in the solid state is less than their volume in the liquid state, 
pressure acts in the opposite sense to heat, and therefore retards liquefaction and pro* 
motes solidification. 

This same phenomenon is the cause of the powerful mechanical effects which occur 
wheii water freezes in a confined space. The bursting of water-pipes, and the breaking 
of jugs containing water, during frosty weather, are among the most familiar of these 
effects ; and to these may be added the splitting of rocks by the freezing of water in 
their fissures and the swelling up of moist ground during frost. 

The force with which water oxpands when cooled, and nt tho moment of becoming 
ice, is strikingly illustrated in the experiments made by Major Williams, at Quebec. 
Having filled a 13-inch iron bomb-shell with water, he closed the hole left for intap- 
during the fusee by driving firmly in an iron plug weighing nearly 31bs., and exposed 
it in this state to the frost. After some time, the iron plug was forced outwith 
a loud explosion and thrown to a distance of 415 feet., and a cylinder of fflk, 8 
inches long, issued from the opening. Ill another experiment, tho shell burst before 
the plug was driven out, and in this case a sheet of ice spread out all roind b^tho 
crack. If wo take into consideration the experiments of W. Thomson and Mousson 
already recorded (p. 75), it seems probable that some of the water must have re- 
mained liquid in these experiments, up to tho moment when tho resistance was over- 
come ; that it then issued from the shell in tho liquid state, but nt a temperature below 
0°, and therefore, instantly began to solidify when tho pressure was removed, and so 
retained the shape of the orifice whence it issued. 

bismuth, cast iron and antimony expand like water on becoming solid. 

Solution of Solid Bodies in Water . — Y r ery many solid substances are capable 
of dissolving in water, and thus forming with it a uniform mixed liquid. As a general 
rule, the solvent power of water increases with its temperature, but this is not uni- 
versally the case ; for example, chloride of sodium lias very nearly the same solubility 
in eold water that it has in boiling water; lime-water saturated at 0°, contains nearly 
twice as much lime as can be dissolved by the same quantity of water at 100°. Several 
other calcium-compounds exhibit similar properties ; thus the sulphate is more soluble 
in cold than in boiling water, and becomes quite insoluble in water between H0° and 
150°(Coust6, Ann. dcs Mines, [5] v. 143). Sulphate of sodium is more soluble in water 
at 33° than at other temperatures, higher or lower, and has about tho same solubility 
at 0° that it has at 100°. From the experiments of Sullivan (Rep. brit. Association, 
1859, p. 292) it appears that the solubility of very many salts attains a maximum at 
some particular temperature, above which it diminishes. Hence, perhaps, the reason 
why the solubility of most solids is commonly supposed to increase continuously as 
the temperature rises, is that it lias been determined only at temperatures below 100°, ' 
and that the points of maximum solubility for most substances lie higher. If this b» 
so, the solubility of sulphate of sodium, — and of the few other salts (solenateof sodium, 
sulphate of iron) in which similar properties have been observed, — is only in so fur 
anomalous, that its temperature of maximum solubility is lower than that of most other 
substances. Water which is saturated at a given temperature with one substance-can 
usually dissolve an additional quantity of another. 

The liquefaction of solid bodies by solution in liquids, obeys essentially the same laws 
as their liquefaction by the direct application of heat. It is facilitated or retarded in 
the same wajjr by great variations of pressure, and is attended by the absorption of a 
certain quantity of heat, which is evolved again when the dissolved substance separates 
from solution in tbeifiolid form; usually also the volume of the solution dif&rs from 
the combined volumes of solid substance and water at the same temperature ; and, 
lastly, solutions present tho phenomenon of superaaturatioiL-^xnid^OUS to that of tho 
deferred solidification of liquids. ^ \ 7 r t 

As might be expected ■ fesm the analogy with the lique&ctftm of solid bodies in 
general, increased pressure favours solution in cases where, as is usual, the volume of lbs 
water and dissolved substance is less after solution than the volume of the water and 
substance when separate j and diminishes the solnjri|ity of substances whose volume 
when dissolved is greater than their volume in the solid state, toget her with that of tbi 
Water * »(Comp. Sorby, Proa Roy. Soc. xii. 538, also, Moller, Jahresber. 1862 , 
pp. 11-18.) 

The absorption of heat which occurs during solution is taken advantage of by the 
chemist for the artificial production of J|f|r temperatures. The table on the next page 
gives a few of the most frequently useful freesing mixtures, with the reduction of 
^temperature which can be produced by means cfifeecn. In order tb obtain the greatest 
possible effect by the use of any of these mixture*, it is necessary to use a considerable 
quantity of the materials (2 or 3 pound^xt Leastyrotherwi se the whole heat required for 
the liquefaction is furnished by the oftCtaiping vessel, and the whole of the mixture 
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temperature has been much reduced. It is also of importunes 


becomes liquid before its temperature nas wen ™ importaneo 

mterials should be mixed as intimately as possible. Other more powerful 
fee zing mixtures, depending on the employment of condensed gases, will be described 
hereafter. 


Table of Freezing Mixtures. 


Ingredient* of the Mixture. 


Parts by 
Weight 


( Wafer . . 

/Nitrate of ammonium 

; Water , • 

of potassium 

Chloride of ammonium . 
'Water . . 

[Nitrate of ammonium 
Carbonate of sodium 
Snow, or pounded ice 
Chloride of sodium . 

Snow, or pounded ice 
| Crystallised chloride of calcium 
j Crystallised sulphate of sodium 
( Hydrochloric acid . 


1 

1 

16 

5 

5 

1 

1 

1 

5 

2 

1 

2 

8 

5 


Temperature 
produced, start- | 
fng from 10°. 1 


Diminution of j 
Temperature. 


— 16 ° 


- 12 ° 


-19° 


- 20 ° 


26- 


22 ° 


29° 


20 ° 

45° 


30° 


Prom a table already given (p. 60), it will be seen that water containing saline 
substances in solution freezes at a lower temperature than puro water, and that the 
depression of the freezing point increases with the quantity of substance in solution. 
This latter point is proved still moro distinctly by tho more recent experiments of 
Rudorff (Phil. Mag. [4] xxii. 5f»2), from which it appears that the depression is very 
nearly in exact proportion to the quantity of salt dissolved. The ice which forms from 
a dilute solution of a salt yields nearly pure water when melted. 

When a' saturated solution is cooled, the excess of dissolved substance, beyond that 
which saturates the liquid at the lower temperature, generally separates out in tho 
crystalline form ; sometimes, however, especially if the solution is cooled slowly and is 
kept at perfect rest, a condition of unstable equilibrium may arise, like that of liquids 
cooled below their ordinary freezing points without solidifying, in which a greater 
quantity of substance is retained in solution than the liquid would bo capable of 
dissolving if it were put in contact with it in the solid form. In this state, solutions 
are said to be supersaturated; and tho same causes are in general sufficient to 
cause the separation of the excess of dissolved substance, as cause the solidification of 
over-cooled liquids. 

If an aqueous solution of a salt is boiled in a flask of which the neck is drawn out to 
a fine point, and if the point is then hermetically sealed when all the air has been 
expelled, tho solution very frequently remains supersaturated when cold; but on 
breaking the point, so as to readmit the air, even if this is done without shaking the 
solution in the least, or allowing the smallest fragment of glass to fall into ft, crystalli- 
sation in most cases begins. If, however, the air that enters has been 

previously passed through a red-hot tube, or even if it has been through 

a column of Cottonwool, crystallisation does not take place (corap. Jahresber. 

. 369^ Schroder, Ann. Ch. Pharm. cut 45; al«> particular 
The most probable explanation of this different 
uble flatter contained in the unheated or unfilteri 
librium of the solution by dissolving in it, and so c_ 
i explanation is confirmed by the fact that a supersaturated solution 
(snot crystallise if stirred with a glass rod or platinum wire which has 
r$wted to redness^ but crystallises instantly if touched with a rod that 
>ed to the air. 

'saturated solutions below 0°, they may be brought into such a con- 
dition, tfiff either ice or the dissolved salt will crystallise out according to circumstances. 
Thus Rudorff found (foe. eit. and Pogg. Ann. cxvi. 65) that a small fragment of ice, 
thrown into a strongly coohd solution of platinoeyanide of magnesium or sulphate of 
sodium, caused a crystallisation of ice, the whole of the salt remaining dissolved, until 
a very large proportion of the water had been transformed into ice ; while a fragment 
of the solid salt thrown in caused the salt to crystallise, but no ice. The crystals of 
ice and of the salts used%'d|hMe experiments were easily distinguishable by tliei* 
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different colours and specific gravities. These results are quite analogous to the simul- 
taneous separate ciystallisation of two or more salts contained in the same solution. 

Vaporisation and Condensation.— When a quantity of water or alcohol is left 
exposed to the air, it gradually disappears, owing to its transformation into a transparent, 
invisible vapour, which diffuses into the atmosphere. This formation of vapour at the 
free surface of a liquid constitutes evaporation. It takes place more or less rapidly 
with all liquids, except some of those which are easily decomposed by heat when their 
temperature is sufficiently high. Some liquids, such as water, evaporate at all tempe- 
ratures, but this is not the case with all : for instance, mercury gives off no sensible 
quantity of vapour at — 10°, and two basins may bo placoi near each other, under an 
exhausted receiver, at the ordinary temperature, one containing oil of vitriol and the 
other a solution of chloride of barium, without the smallest precipitate being formed in 
the latter. Some solid bodies, e.g. ice, iodine, camphor, give off Yapou**- without 
previously passing into the liquid state; and it is proved by Kegnault’s experiment* 
(upon benzene, bromide of ethylene, glacial acetic acid, chloride of cyanogen, and 
chloride of carbon), that substances which are capablo of existing at the same tem- 
perature either as solids or liquids, produce, in both states of aggregation, vapours of 
equal tension (see next paragraph). 

Fig. o 10. 



^ V a P 0Urg - — U» e quantity of any given liquid which can evaporate ir 

*u enclosed space, either previously vacuous or already containing a gas or vapour, ii 
^limited, and depends on the nature of the liquid^iOQ^to temperature, and on th< 
extent of the enclosed space. When the liquid that is, when some of it 

remains after the formation of the larges t^quanti&ptfr^^our that is possible undei 
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the circumstances, evaporation ceases when the vapour exerts a certain pressure upon 
tho sides of the containing vessel. The laws of evaporation are, therefore, most easily 
arrived at by studying, in the first instance, the phenomena of the formation of vapour 
in a vacuum, in wnich case the pressure exerted by the vapour itself is the only one to 
which the sides of the-vessel are exposed. 

If a glass tube, closed at one end. about a yard long and three-quarters of an inch 
wide, is filled with mercury and inverted in a basin of that liquid, as shown in fig. 539, 
a vacuous space, about six inches in length, is formed at the top of the tube. On 
now passing up a drop or two of ether or alcohol into this space, the liquid will imme- 
diately evaporate, so that the surface of the mercury and of the tube will remain dry, 
but the mercury column will be depressed by the elastic force of the vapour which has 
been formed. The amount of this elastic force, or of the pressure which the vapour 
exerts upon the sides of the tube and upon the top of the column of mercury, is evi- 
dently measured by tho difference between the height of this column and that of the 
barometer at the time of the experiment. On transferring the tube in this condition 
to a mercury-t rough provided with a deep cylindrical well {fig. 540), and depressing 
it slightly, the space occupied by the vapour above the mercury will be diminished ; 
the tension of the vapour will therefore increase, and the mercury column AC will be 
still further depressed. But on continuing to diminish in this way the volume of the 
vapour, a point will soon be reached at which part of it returns to the liquid state and 
condenses as a dew upon the inside of the tube and on the mercury ; and if the height 
of the column A C be measured, as soon as the first trace of condensed liquid becomes 
visible, it will be found to remaiu the same until the tube has been depressed so far 


Fig. 541. 



that tho whole of the vapour has been converted into liquid, 
and the tube becomes filled with mercury, surmounted by a 
drop of liquid ether or alcohol. The progress of the experi- 
ment in this stage will bo easily understood from fig. 541, 
where C D represents the tube when the liquid first begins 
to appear in the space above the mercury, and A B the level 
of the mercury in the tube above that in the trough. As 
the tube is depressed successively to the positions C x D x , and 
C a I> 2 , more and more of the vapour is liquefied, but the re- 
maining portion exerts neither more nor less pressure than 
the quantity which existed in the tube ut the instant when 
liquefaction first began to‘ take place; and hence the sur- 
face of the mercury remains immovably at the level AB. 
Again, if the tube is raised up out of the mercury, the top of 
tho mercury column will still remain at the level A B, until 
the whole of the liquid has a^ain evaporated into the space 
above it, but from this point it will begin to rise higher and 
higher as the tube is still further raised; if, however, when 


the tube has attained its highest position (so that the open 
end is only just covered by tho mercury in the trough), an additional quantity of ether 
or alcohol is passed up into it, the column of mercury will sink ; and if the quantity of 
liquid passed up is more than can evaporate in the portion of the tube unoccupied by 
the mercury, the surface of the latter will sink again to the level AB {fig. 541). 

Tlicse experftnents prove that when a vapour is compressed, its temperature remain- 
ing always the same, its elastic force increases up to a certain limit which it cannot 
exceed, the effect of any further compression being to change it to a liquid ; and that 
when a vapour is in contact with any portion of the corresponding, liquid, in a space 
otherwise vacuous, its elastic force always attains this’ limit, wisslpwr may be the 
relative volumes of vapour and liquid. In this condition, a vapour Ibid to be satu- 
rated^ or to exert its m nximum tens io n, 

Atari mum Tension .— The maximum tension which the vapour of fiy liquid can exert 
depend® upon the nature of the liquid, and upon its temperature. 

If we pass up into the first of three barometric tubes, like that represented in 
fig. 539, a small quantity of ether, into the second some alcohol, and into the third 
Some water, taking a larger quantity of each liquid than can evaporate completely 
within the tube, the mercury column will be depressed to a different level in each, 
supposing all three to have the same temperature. If, for instance, the temperature is 
10° C., the mercury will be depressed about 114 inches in the first tube, nearly 1 inch 
in the second tube, and a little more than 1 inch in the third. 


If the three tubes are now gradually heated, by surrounding them with warm water or 
otherwise, more vapour will be formed from the liquidcontained in each of them; the elastic 
forc£ or tension of each vapour will accordingly increase, and the mercury will descend 
lower und lower in the tubes as the , temperature rises. At about 35°, the teusion df 
the ether-vapour will have become equal to that of the atmosphere, and hence at this. 
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temperature, the mercury in the tube containing it will hare been driven down so m to 
be at the same level as that in the reservoir ; at about 78’5° the same will be the case 
with the mercury in the alcohol-tube; and at about 100° with that contained in the 
water- tube. 

When a saturated vapour is cooled, the pressure upon it remaining unaltered, com- 
plete liquefaction takes place, just as it does when the pressure is increasod and the 
temperature remains the same. The condition of saturation, or maximum tension, is 
therefore a limiting condition, beyond which a vapour can neither be compressed nor 
cooled without reluming to the state of liquid. 

On tho other hand, when a saturated vapour not in contact with an excess of 
liquid is heated, it ceases to be saturated (unless tho pressure upon it is increased at 
the same time to a corresponding extent). Hence, when a further quantity of liquid is 
brought in contact with a vapour which has been thus heated, more vapour is formed in 
the same space, until saturation is again produced, and tho tension increases at tho same 
time till it reaches tho maximum tension corresponding to tho higher temperature.’ 

Distinction between Vapours and Gases. — It has been already stated, that when the 
space into which a liquid can evaporate is increased until the wholo quantity of liquid 
has become vapour, the tension of tho vapour diminishes with any further increase 
of volume; and that when a vapour, not in contact with the liquid from which it is 
formed, is compressed, its tension augments until liquefaction begins. In proportion 
as a vapour under these conditions is expanded, its tension becomes moro and moro 
nearly inversely proportional to the volume which it occupies ; that is, its properties 
approach more and more nearly to those of a perfect gas. Similarly, when a saturated 
vapour, not in contact with an excess of liquid, is heated, its elastic force increases, 
and it expands if the pressure upon it is not proportionality augmented; and as the 
temperature rises, the relation between tho tension or elastic force, p, of the vapour, 
its volume, v, and its temperature, t, comes to be more and moro nearly expressed by 
the equation 

pv <= J (a + t)\ 

which, ns we have already seen (p. 45), expresses the relation between these three 
quantities in the ease of a perfect gas (see also p. 50). 

Hence the physical properties of vapours, when sufficiently expanded, and at suffi- 
ciently high temperatures, arc identical with those of the permanent gases. 

From this it is natural to conclude, conversoly, that the so-called permanent gases 
themselves are only vapours which, at ordinary pressures and temperatures, aro very 
far removed from their points of saturation, and that by exposing them to lower tom- 
jxTatures and increasing tho pressure, a point might be reached for each of them, at which 
the pressure would be equal to the maximum tension which it was capable of exerting at 
the temperature of the experiment, and therefore, that any further diminution of tem- 
perature or increase of pressure would cause it to become liquid. This conclusion has 
been actually verified in the case of many gases formerly regarded as permanent, the 
only gases which have hitherto resisted all attempts to liquefy them being hydrogen, 
oxygen, nitrogen, nitric oxide, carbonic oxide and marsh-gas. (Tho methods em- 
ployed for the liquefaction of gases will be further considered in connection with the 
processes adopted for obtaining great reductions of temperature.) t 

Tension of Vapours in presence of Permanent Gases . — The familiar fact of the 
evaporation of water in the open air affords sufficient proof that the presence of a per- 
manent gas in any given space does not prevent volatile liquids giving off vapour into 
the same space. By measuring the volume and elastic force of a given quantity of dry 
air, or other gas, then introducing a little more of any liquid than can completely 
evaporate in it, ijnd when equilibrium has been re-established, again measuring the 
volume and elastic force of the mixture of gas and vapour, the tension of the latter can 
be ascertained. In this way it has been found that, when the liquid exerte Jp^-folvent 
or chemical action upon the gas, the combined tension of gas und vapour is neatly equal to 
the separate tension of the gas, increased by the maximum tension which th* Vapour 
is capable of exerting in an otherwise vacuous space at the temperature of the experi- 
ment. In other words, the vapour given off by a liquid at any temperature has nearly 
the game maximum tension, whether it is formed in a space previously vacuous or filled 
with a permanent gas. The only essential difference between the evaporation of a 
liquid in a vacuum, and its evaporation in a gas, is that, in the former case, the vapour 
attains the condition of saturation in an inappreciably short time, while in the latter, 
Jhis condition is arrived at more slowly. Renault's experiments (M6m. Acad. 
Sciences, xxvi.) prove, however, that liquids do not give off vapour of quite so great a 
tension in a space occupied by a permanent gas, as they do in a vacuum, and that the 
difference increases as the temperature rises. 

Boiling Point*. — Ebullition. — From the fucbflitated in the last paragraph, it follows 

n 9 . 
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that the temperature at which the vapour of a liquid introduced into the barometric 
vacuum would exert sufficient elastic force to drive the mercury down to the bottom of 
the tube, so as to make it stand at the same level inside and outside, is also the tem- 
perature at which the vapour formed on heating the liquid in the air would exert an 
elastic force equal to the atmospheric pressure. As already stated, the first of these 
effects is produced by ether- vapour at 35°, by alcohol at 78*6°, and by water at 100°; 
these temperatures, however, are those at which the liquids respectively boil when heated 
in the open air, the barometer being at its average height The boiling point of a 
liquid is, therefore, the temperature at which the tension of its vapour becomes equal to 
the atmospheric pressure. This temperature is evidently not absolutely constant for each 
liquid, hut varies more or less with alterations of the pressure of the atmosphere. A 
liquid at its boiling point is in a limiting condition, comparable to that of a saturated 
vapour ; any diminution of pregsure or increase of temperature equally causes it to 
pass from the liquid to the vaporous state. The two conditions are in fact conter- 
minous ; and the temperature at which a liquid produces vapour of any given maxi- 
mum tension, is also the temperature at which the liquid would boil under an atmo- 
spheric pressure equal to that tension. Hence the observation of the pressures under 
which a liquid boils at various temperatures constitutes a method of determining the 
maximum tension of its vapour at those temperatures. 

Tho phenomenon cf ebullition, which presents itself when heat is applied to the 
lower part of a mass of liquid, already at such a temperature that the tension of its 
vapour is equal to the pressure of the atmosphere, results from the transformation of 
the liquid into vapour at tho points where the heat is applied, and the escape of this 
vapour in the form of bubbles through the superincumbent liquid. 

Tho temperatures at which different liquids boil, under the ordinary atmo- 
spheric pressure, vary very greatly. They will be found given for each liquid in the 
article of this dictionary wherein it is specially described ; in the following table a few 
boiling points are given in order to illustrate the range of temperature through which 
they occur. 


Table of Boiling Points. 


Liquid. 

Boiting Point. 

Pressure in millimetres 
of mercury. 

Authority. 

Nitrous oxide 

-87-9° 

mm mm 

Itegnault 

Carbonic anhydride . 

-78-2 


Ammonia . 

-337 

K ! 

Bunsen 

.Sulphurous anhydrido 

-10*5 



Chloride of ethyl 

+ 110 

758 

Pierre 

Uxule of ethylene 

18-5 

746-5 

Wurtz 

Aldehyde . 

19-8 

734 

Kopp 

Ether 

34-2 

742 

Sulphide of carbon 

479 

755-8 

Pierre 

Methylic alcohol 

610 

754 

Pelffs 

Bromino . 

630 

760 

Pierre 

Alcohol 

1 78'4 

760 

Gay-Lussac 

Benzene 

80-4 

752 

Kopp 

Water 

100-0 

760 

Acetic acid 

116*9 

750 

t9 

Cymene 

177*5 

744 


Naphthalene 

216-8 

747 6 

* » 

Phosphorus 

Oil of vitriol 

290 


w.. Pelletier 

325 


m 

Mercury . 

350 


P Regnault 

Sulphur 

440 


( Dumas ; Deville 
\ and Troost 

Cadmium . 

860 


Deville and Troost 

Zinc .... 

1040 


" 


Determination of Boiling Points . — The boiling points of different liquids being among 
their most characteristic properties, the determination of them becomes a very frequent 
and important operation m chemical research. The method recommended by Kopp, in 
order to ensure as much accuracy as possible in these observations, is as follows : — 
The liquid to be examined is placed in a cylindrical glass vessel, containing a few 
■craps of freshly ignited platinum foil, the diameter of which, when the quantity of liquid 
is small, need not much exceed that of the bulb of the thermometer. This vessel is 
closed by a cork, through the centre of which the thermometer is inserted, in such a 
way that it can be raised or lowered, so that the bulb may dip either into the liquid or 
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merely into the vapour. It is generally advisable to give the thermometer the latter 
position, since, as will be seen by what follows, the temperature of the liquid may, 
under circumstances which not unfrequently occur, rise somewhat above the true 
boiling point; but even when this is the case, a thermometer in the vapour will show 
the real boiling point of the liquid: under nearly all circumstances, the thermometer Mill 
stand lower in the vapour than it does in the liquid, if this is a mixture of two or more 
liquids of different boiling points instead of a pure, homo- 
geneous substance. Through a second hole in the cork is Fig. 542. 

inserted a glass tube, open at both ends, and bent at a right 
angle, as shown in fig. 542 ; by connecting this tube with a 
condenser, the loss of the liquid used for the experiment can 
be prevented. The liquid is heated either by applying a 
small flame to the outside of the vessel, or by means of a 
water-bath or sand-bath, care being taken that the sides of the 
vessel above the liquid do not get over-heated. Tim indications 
of the thermometer are observed during the whole time that 
the liquid is being slowly boiled away, until only u small quan- 
tity remains. The temperature .thus observed is not, how- 
ever, in most cases, the true boiling point of the liquid : usually, 
part of the mercury column in the thermometer rises above 
the cork, and is therefore exposed to a lower temperature than 
that of the boiling liquid; consequently, the upper extremity 
of the column stands at a lower point than it would do if tho 
thermometer were completely immersed in tho liquid. In 
order to find the correction which it thus becomes necessary 
to apply, a second thermometer is placed so that its bulb is in 
contact with tho stem of tho thermometer inserted into the 
cork of the boiling vessel, and is half way between the top of 
the mercury column of the latter thermometer and the middle 
of the cork. r l he temperature indicated by this second thermometer may be taken 
as tho mean temperature of that portion of the mercury column of the principal ther- 
mometer which is not heated by the vapour of the boiling liquid. Let this temperature 
he f° ; let the uncorreeted boiling point, directly indicated by the principal thermometer, 
he 7'° ; let N be the difference between T and tho point of the scale situated at the 
middle of the cork, that is to say, the length, expressed in degrees of tho scale, of that 
portion of the mercury column of the principal thermometer of which the mean loni- 
prraturo is t° ; lastly, let 8 bo the coefficient of apparent expansion of mercury in the 
ght*s of which the thermometer is constructed. The correction to be applied to tho 
din-ctly observed temperature T° is then 



= N(T-t)8. 

A" already stated (p. 57), 5 may always be taken, in calculating tho value of this 
expression, as = 0 000] 515. 

1 he table which follows on p. 86 gives the amounts of the correction in question for 
various values of A and of 7'— t. The amounts corresponding to other values of these 
lueturs can be easily deduced by interpolation from the numbers given in the table. 

1 Ins table sufficiently shows that the correction in question can never be neglected in 

ur.it e experiments, and that in the ease of liquids of high boiling points, its value 
may become very considerable. * 

Since tho boiling point of a liquid depends on the pressure to which tho liquid is 
subjected, another correction becomes necessary in order to reduce determinations 
made under the varying pressure of the atmosphere, to the values which would be 

.JjV atmosphere exerted always its normal pressure, equal to that of 760 

millimetres of mercury at 0°. Strictly speaking, the correction to be applied to tho 
boiling point of a liquid observed under an atmospheric pressure differing by a given 
amount from the above standard pressure, varies with the nature of the liquid ; since 
f T : )L a ,mt ' ons ,°f pressure do not cause precisely equal changes in tho boiling points 
" * 1 hquids. Nevertheless, the greatest variations which ever occur in the 

pn ssure of the atmosphere are relatively so small, that they may, without any appre- 
ciable error, be regarded as affecting the boiling points ol‘ all liquids equally: to the 
, ’ n . ar . ^ °f 010 for * variation of pressure of 2 7 millimetres of mereury, this 

deduced from direct determinations of the boiling point of water under 
different pressures. 

In what follows, whenever the boiling point of a liquid is spoken of without further 
,i *° k e understood to mean the boiling point under a pressure equal to 

Hut of 760 millimetres of mercuiy at 0°. 


In wtUch ,irnl !* r correction na^ht to be applied to *11 therm'-’metric observation* 
that in the iJoE™ 00 ° f lbc mercur / tn die of the thermometer it at a different temperature from 
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Circumstances which modify the Boiling Point. — Although, when a liquid is heated 
in such ft manner that vapour can escape freely from seme part of its surface, the 
vapour so formed has a tension equal to the pressure upon the free surface of the liquid 
as soon as the temperature of the latter reaches the boiling point, this temperature 
may nevertheless be attained, and even considerably exceeded, without the formation 
of a trace of vapour, if no portion of the surface of the liquid is freely exposed. These 
conditions can be realised by suspending the liquid to he examined in a second liquid 
of equal specific gravity, but higher boiling point. 

The phenomena which take place under these circumstances have been particularly 
studied by I)u four (Ann. Ch. Phys. [3] lxviii. 378). In order to examine them in 
the case of water, lie employed a mixture in the requisite proportions of oil of cloves 
(previously heated alone to about 200°) and linseed oil. The water, already heated 
to 80° or 90°, was dropped gently into the mixture of oils, so as not to disturb the 
film which coated the bottom of the vessel, and the temperature of the bath waB 
gradually raised. Under these circumstances the ordinary boiling point of water, 100°, 
whs passed without the occurrence of any perceptible change, and traces of ebullition 
scarcely began to show themselves below 110° or 115 L . liven at these temperatures, 
ebullition seldom began except when the globules of water came in contact with the 
sides of the vessel or with the thermometer. A burst of vapour then occurred, and the 
globule, more or less diminished in size, w as driven rapidly away, like a pith ball after 
touching an electrified conductor. These contacts were of course more difficult to avoid 
in the case of large than of small globules ; hence the latter remained liquid, us a rule, 
to higher temperatures than the former. 

In these experiments, it was a rare exception when ebullition occurred between 100° 
and 110°; very commonly globules of 10 mm. in diameter reached 120° or 130°, and 
in one experiment the last temperature was attained by a globule of 18 mm. dia- 
meter, and therefore containing more than 3 c. c. of water. Spheres of 10 or 12 
mm. diameter often reached 140°; those of 5 or C mm. reached 105°; and others 
of from 1 to 3 mm. attained 176° or even 178°, temperatures at which the elastic force 
of the vapour which forms at the freely exposed surface of water is between 8 and 9 
atmospheres. 

At these high temperatures, the contact of a solid body very generally occasioned 
tin* sudden partial or complete vaporisation of the globules, accompanied by a hissing 
sound like that produced on immersing red-hot iron in water. This invariably 
occurred when the globules were touched with pieces of wood or chalk, shreds of cotton, 
paper, &c., but not always on contact with a glass rod or metallic wire, the difference 
appearing to depend on the porous structure of the former substances. A platinum 
wire appeared to lose, to some extent, by frequent usage, the power of causing sudden 
vaporisation. 

Sudden ebullition, amounting even to an explosion, if the temperature was above 
120°, invariably occurred on passing the discharge of a Leyden jar or induction 
coil through a globule. A similar, but less violent, effect was produced by the passngo 
of a weak galvanic current. These results are attributed by Dufour less to the contact 
of the globules with the conducting w'ires, than to the disengagement of gas at the 
extremities of the latter. 

Saturated aqueous solutions of various salts— for example, chloride of sodium, sulphate 
of copper, nitrate of potassium, Ac. — also remained liquid at temperatures much above 
tluir boding points, when immersed in melted stearic acid resting on a Jayerof melted 
sulphur. In like manner, globules of chloroform (boiling point Cl°), suspended in u 
solution of chloride of zinc, often remained liquid up to 97° or 98°; and globules of 
liquid sulphurous anhydride (boiling point — 10'3°) could be heated in diluted sulphuric 
acid as high as + 8°. In all these cases, the same causes that operated in the ease of 
water, sufficed to occasion the sudden complete or partial conversion of the overheated 
globules into vapour. 

These results throw important light upon the nature of ebullition, and seem to 
indicate that it is to some extent an accidental phenomenon. In order to understand 
them, we must remember that, the globules being surrounded on all sides by liquid, 
evaporation cannot go on at their surface in the ordinary way. They are, however, in 
a state of tension, or unstable equilibrium, such that a very slight cause may occasion 
the sudden formation of vapour of more than the atmospheric tension. The most 
effectual of such causes would obviously be the contact of a minute globule of air or 
other gas: this globule, however small, would be a space into which vapour could be 
given off, and this vapour, having an elastic force greater than the pressure (that of the 
atmosphere and the upper layers cf the liquid) whereby the globule was prevented from 
expanding, would force back the liquid walls of the bubble of gas, suddenly converting 
it into a large bubble of steam. Hence. the unfailing efficacy, in causing the ebullition 
of the overheated globules of liquid, of the passage of an electric current or the contact 
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of porou* substances, such as chalk, wood, paper, ice., which either allow air toesmpe 
from their pores when immersed in the heated liquid, or carry down into it small 
globules of air adhering to them. These globules afford space for the commencement of 
the formation of vapour, and this process being once begun, the space is increased by 
the force of the vapour already formed within it. In the absence of any such space, 
the liquid globule is in a condition somewhat analagous to that of a drop of melted glass 
which has been suddenly cooled in water (Rupert’s drops), and which falls to powder 
on receiving the smallest scratch: there is no reason why the formation of vapour 
should begin at one point of the mass rather than at another, and thus the whole remains 
in a state of molecular tension until something occm*s at some particular point to weaken 
the effect of the forces which oppose the formation of vapour, or until the tension 
increases (in consequence of rise of temperature) to such a degree that these forces aro 
overcome simultaneously throughout the whole mass. It will be seen further on that 
these considerations exactly agree with the explanation which the mechanical theory 
of heat affords of the passage from the liquid to the gaseous state. 

Even when liquids are heated in open vessels, the occurrence of ebullition, or the 
formation of vapour in the interior of the mass, appears to depend on like accidental 
causes. Thus the influence of the nature of the vessel wherein a liquid is contained 
has been long recognised. It has been observed, for instance, that water, which will 
boil steadily at 100° in a metallic vessel, may often be heated to 105° or 106° without 
boiling, in a glass vessel previously washed with strong sulphuric acid. Under these 
circumstances, ebullition generally takes place very irregularly : at a certain tempera- 
ture a sudden burst of vapour occurs, and the temperature of the liquid falls at the same 
time to nearly the normal boiling point; the liquid then remains tranquil for a time, 
until the temperature having again risen considerably, another burst of vapour takes 
place, and so on. The “bumping” of heated liquids which results from this inter- 
mittent formation of vapour, is familiar to every chemist. It may be prevented to somo 
extent by putting into the liquid a few scraps of platinum, or a globule of mercury ; a 
small piece of charcoal is, however, much more effectual than either of these, though not 
always admissible. This irregular ebullition occurs much more frequently in some 
liquids than others, and to a greater extent in certain glass vessels than in others. For 
instance, mcthylic alcohol (boiling point 61°) may show a difference in its t.omperaturo 
of ebullition amounting, according to Kopp, to 5 or 6 degrees, depending on the vessel 
in which it is examined. When a liquid is boiling steadily in a glass flask or retort, 
it may almost always bo noticed that the bubbles of vapour start from one or two 
particular points of the surface of the glass, indicating the existence of some irregularity 
of the glass at those points favourable to the formation of vapour. Another illustration 
of the necessity of some other cause than mere temperature in order to bring about the 
ebullition of liquids, is afforded by the remarkable observation of Professor Donny, of 
Ghent, that water thoroughly deprived of air and sealed up in a rather long glass tube 
quite free from air, may be heated to 138° at one end of the tube without boiling, and 
is then suddenly and violently thrown to the other end by a burst of vapour. An 
additional fact of the same kind may sometimes be observed during the distillation of 
liquids under the ordinary pressure. The writer has occasionally seen a liquid distil 
very rapidly, thus showing that vapour w as being formed rapidly at the surface, although 
ebullition could not be maintained by the use of a moro powerful flame than that 
which had sufficed, at an earlier stage of the experiment, to boil a larger quantity of 
the same liquid. 

The whole of these phenomena cease to be unintelligible if, with Dufour, we distin- 
guish between the boiling point of a liquid, and the temperature at which the elastic 
force of its vapour becomes equal to the pressure of the atmosphere, and define the 
boiling point as the lowest temperature at which ebullition can occur^nstead of as the 
temperature at which, under normal conditions, it must occur. 

Spht r oid at State . — When a drop of water is allowed to fall upon a fttftee of iron, the 
temperature of which considerably exceeds 100°, it retains its globtdar form, moves 
about rapidly on the surface of the iron without wetting it, and evaporates with com- 
parative slow ness. As the iron cools, a point is reached at which the globule of water 
wets it, spreads over its surface, boils and quickly disappears. The condition of the 
globule flrst described has been distinguished as the spheroidal stato. This 
condition can bo assumed by all volatile liquids when they come in contact with the 
surface of either a solid or a liquid body heated considerably above their boiling points. 
The temperature of a liquid in the spheroidal state is always below its ordinary boiling 
point, notwithstanding the higher temperature of the surface on which it rests. The 
absence of ebullition is therefore due in this case to some other cause than that which 
produces the phenomena of deferred ebullition which were considered in the last paragraph. 

It is tho result of a want of perfect contact, between the liquid and the heated surface. 
Many experiments prove that the liquid globule rests upon a sort of cushion of4ts own 
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vapour, produced bj the heat radiated from the hot surface against its under side. As 
fast as this vapour escapes from under the globule, its place is supplied by a fresh 
quantity produced in the same way, so that the globule is constantly buoyed up by it, 
and never comes into actual contact with the heated surface. If, however, the tempo* 
rature of the latter is allowed to fall, the formation of vapour becomes less and less 
rapid, until at last it is not supplied fast enough to prevent the globule touching the 
hot metal or liquid on which it. rests : as soon as contact occurs, heat is rapidly im- 
parted to the globule, it enters into ebullition, and quickly boils away. 

According to Boutigny’s experiment s, the lowest temperature at which a me tall i a 
vessel will cause the spheroidal state to be assumed by water is 1 42°; for alcohol the 
lowest temperature is 134°, and for ether 61°. 

Solid bodies which evaporate without becoming liquid also assume a condition 
analogous to the spheroidal state of liquids, when they are placed upon a surface whose 
temperature is sufficiently high to vaporise them very rapidly. This is very distinctly 
seen on tlirowing a piece of solid carbonate of ammonium into a red-hot platinum 
crucible, and when a fragment of solid carbonic anhydride is placed upon any good 
conducting surface at the ordinary temperature. 

Effect of Substances in Solution on the Boiling Point of Liquids , — Liquids holding 
solid bodies in solution boil generally at higher temperatures than they do in tho 
pure state. On the other hand, the boiling point of water is lowered by mixing it 
with alcohol, and that of alcohol by mixing it with ether; the boiling point of a mix- 
ture being always intermediate between the boiling points of its components. The 
effect of salts in raising the boiling point of water may be considered as also coming 
under this rule. The following table gives the boiling points of saturated solutions of 
several salts, according to Legrand. 


Table of Boiling Points of Saturated Saline Solutions. 



Weight of 



Weight of 


Salt. 

Halt dis- 
solved in 
1(X) parts 

• Boiling 
Point. 

Salt. 

salt dis 
solvt'd in 
H0 parts 

Boiling 

Point. 


of water. 



ol water. 


Acetate of potassium . 

798-2 

169° 

Tartrate of potassium . 

296*2 

114-7° 

Nil rate of calcium 

362-2 

151 

Chlorate of potassium . 

01 -5 

104*2 

Carbonate of potassium 
Acetate of sodium 

Nitrate of sodium 

2050 

135 

Chloride of sodium 

41*2 

108-4 

2090 

224-8 

124-4 

121 

Phosphate of sodium ) 
(dried) ) 

112-6 

100-6 

Chloride of strontium . 

117'5 

117-8 

Carbonate of sodium . 

48 5 

104-6 

Nitrate of potassium . 

335 1 

115-9 

Chloride of barium 

GOT 

104-1 

Chloride of ammonium 

83-9 

114-2 





(l'or Lcgrand’s determinations of the boiling points of weaker solutions of these and 
some other salLs, and for the similar experiments of Griffiths and Faraday, see Gindin's 
Handbook, i. 269, 270.) 

Wry contradictory opinions have been maintained by different observers with regard 
to the temperature of the vapour which issues from boiling saline solutions. It lias 
been said, on the one bund, to bo the same as that of pure water boiling under the 
same pres.su ro ; anil, on the other hand, to be equal to that of the highest stratum of 
tho solution. According to the recent experiments of Magn us (Fogg. Ann. exii. 408), 
the latter statement appears to be nearest the truth. These experiments prove de- 
cisively that the vapour of boiling solutions is hotter than that of pure water, and that 
its temperature rises as the solutions become more concentrated, and therefore boil ut 
higher temperatures; nevertheless, the vapour was always found a little colder than 
the mass of the boiling solution, and tho difference was greater at high temperatures 
than it was at low ones. 

filiations between the Boiling Point of substances and their Chemical Composition . — 
Many attempts have been made to trace somo connection between the boiling points of 
different liquids and their chemical composition. Tho most extensive and important 
series of observations that have been made upon this point arc due to Kopp (Ann. 
Gh. Pharm. xevi. 2, 330; xcviii. 267, 367 ; Phil. Trans. 1860, 257). The principal 
conclusions deducible from these investigations arc as follows 

1. Analogous compounds, presenting the same difference of composition, very fre- 
quently differ by the same amount in their boiling points, or the interval between their 
lotting points is proportional to their difference of composition. A compound con- 
taining orC more or less than another of analogous function, generally boils at a 
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temperature x x 29 degrees higher or lower than the latter, and if it contains *H more 
or Less it commonly boils at x x 5 degrees lower or higher. A particular instance of 
the application of this rule is to homologous compounds : m the homologous acids 
OHM) 2 (Acids, i. 50). and in the corresponding alcohols and compound ethers, the 
addition of OH 2 to the formula of a compound raises its boiling point on an average by 

19 2 .’ Antacid ^H^O^boTls^t a temperature 40° higher than the alcohol, C n H 2n+2 0 
(Alcohols, i.*97), the oxidation of which maygiveriseto the acid. 

V 3. A compound ether (Ethees, ii. 512), OEPO 2 , boils at a temperature 82° lower 

than the acid, C"H s,l 0 2 . isomeric with it ... 

If we Sturt from the boiling point of ethyl-alcohol, = 78°, these three propositions 
enable ns to calculate the boiling points of a large number of organic substances, 
alcohols, acids, and compound ethers, represented by the above general formula, iho 
following tables serve to show how far the boiling points thus calculated correspond 
with those actually observed. 


Boiling Points of Alcohols , OH 2 " + 2 0. 


Name. 

Formula. 

Calcu- 

lated 

Dolling 

Point. 

Observed Boiling Point. 

Methylic alcohol . 

Ethylic alcohol 

•Tritylic alcohol 
Tetrylic alcohol 

Amylic ulcohol 

Hexylic alcohol 
Ifcptylic alcohol 
Cetylic alcohol 

CH 4 0 

C 2 H a O 

C*II 8 0 

C 4 H ,0 O 

C 5 H‘-0 

C°II ,4 0 

(J 7 H lr, 0 

C 1 '*H 34 0 

59° 

78 

97 

116 

135 

154 

173 

344 


Kane, 60°; Delfis, 60-5°; Kopp, 65°; Pierre, 
66°; Dumas and Pel i got, 66 5°. 

Dumas and Boullay, 76° ; Gay-Lussac, Pierre, 
Kopp, Delffs, Andrews, 78°. 

Chancel, 96°. 

Wurtz, 109°. 

Pasteur, 127° — 129°; Caliours, Tierre, Kopp, 
Delffs, 132°; Jtieckher, 135°. 

Fagot, 148°— 154°. 

Stadeler, 177°— 177-5°. 

Favre and Silbcrmann, 366°? 


Boiling Points of Acids , OI1*"0 2 . 


Name. 

Formula 

Calcu 

latcd 

Boiling 

Point. 

Observed Boiling Point. 

Formic acid 

Acetic acid . 

Propionic acid 

Butyric acid . 
Valeric acid . 
Caproic acid . 

CEnanthylic acid . 
Caprylie acid . 
Pelargonic acid 

CH 2 0 2 

C H 4 0* 

CTPO 2 

C 4 II R O s 

C 4 H l0 O 2 

C fi II ,2 0 2 

C 7 ll ,4 0 2 

C 9 II J *0= 

C 9 H 18 0 2 

99° 

118 

137 

156 

175 

194 

213 

232 

251 

(Liebig, 99°; Bineau, Favre and Silbcrmann, 
j 100°; Kopp, 106° 

(Delffs, 116°; Kopp, 117°; Sebille-Auger, 
|ll9°; Dumas, 120°. 

(Dumas, Malaguti, and Leblanc, about 140°; 

( Limpricht, Kopp, 142°. 

Kopp, Delffs, 156°; Pierre, 163°; Pelouze 
jttnd Gelis, about 164°. 

Dumas and Stas, Delffs, 175°; Kopp, 176°. 
(Brazier and Gossleth, Wurtz, 198°; Folding, 

) 202°— 209°. £ 

Stadeler, 218° 

Fehling, 236° ; Perrot, 238Cd 

Perrot, 225° ; Cabours, 260°. 


In other groups of compounds, a difference of CH 2 in the composition of analogous 
substances corresponds frequently to a nearly constant difference of boiling point : but 
this difference sometimes umounts to more than 19 degrees, and sometimes to less. 
For instance, in the series of hydrocarbons OH n_s , homologous with benzene, a 

difference of CH 2 in composition corresponds to an average difference of about 24° in 
boiling point; in the series of alcohol-radicles (or hydrides) 01I- n+2 , homologous 
with ethyl, OH'®, (or marsh-gas, CH 4 ) the difference of boiling point corresponding to 
the same difference of composition, is also nearly 24° ; in the series of acetones 
OH'- M 0, it is about 22°. On the other hand, the difference of boiling point, corre- 
uponding to a difference of CH 2 in composition, is less than 19° in the anhydrides 
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Boiling Points of Compound Ethers, OH^O*. 


Name. 


Formate of methyl ♦ 

Acetate of methyl . ) 
Formate of ethyl . j 

Acetate of ethyl . . 

Butyrate of methyl 
Acetate of trityl . 
Formate of tetryl . 
Propionate of ethyl 

Valerate of methyl. 
Butyrate of ethyl . 
Acetate of tetryl . 
Formate of amyl . 

Valerate of ethyl . 
Butyrate of trityl . 
Acetate of amyl . 

Caproate of ethyl . ) 

Propionate of amyl ) 
Butyrate of amyl . . 

Valerate of amyl . | 

Acetate of capryl . 1 

Pel argon ate of ethyl / 
Caproate of amyl . ) 

Laurostearato of et hyl 


Formula. 

Calcu- 

lated 

Boiling 

Point. 

Observed Bolling Point. 

C 2 H 4 0 2 

36° 

Kopp, Andrews, 33° ; Liebig, 36° — 38°. 
/Andrews, 65°; Kopp, 66°; Dumas and 

C 3 H # 0 2 

65 

P&igot, 68°. 

Liebig, Delffs, 63°; Kopp, 65°; Lowig, 
66°. 

C 4 H 9 0 2 

74 

Dumas and Boullay, Pierre, Kopp, Delffs, 

/ 74°. 

( Favro and Silbennann, Delffs, 93° ; Kopp, 
95° ; Pierre, 102°. 

Berthelot, about 90°. 

C»H‘*0 2 

93 

Wurtz, alxmt 100°. 

Kopp, 96°— 98°; Limpricht and Uslnr, 
v 101°. 

Kopp, 114°— 115°. 

Pelou zo, 110°; Delffs, 113°; Kopp, 116°; 

C*n»»o 2 

112 

Pierre, 119°. 

Wurtz, 114°. 

Delffs, 114°; Kopp, about 116°. 

(Delffs, 132 ; Otto, Kopp, Berthelot, 133°— 
134°. 

C T H ,4 0 2 

131 

Berthelot, about 130°. 
k Cahours, 126°; Kopp, Delffs, 133°. 
tLerch, 120°; Fehling, 162°. 

C 8 II ,6 0 2 

150 

jWrightson, about 156°. 

C*H ,8 0 2 

1G9 

Delffs, 173°— 176°. 
tKopp, 188; Balard, about 196°. 

c t TI 20 0 7 

188 

j Dacliauer, 191 - 192° ; Bouis, 193°. 

< Cahours, 216°— 218; Delfts, 224°. 
/Brazier and Gosslcth, 211°. 

C n H w 0 2 

207 

C ,4 JF 8 0 2 

264 

GOrgey, 264° ; Delffs, 269°. 


C^n*’*— 2 0* homologous with acetic anhydride* C 4 R c O s (namely, ahout 12 6 0 ) ; in the 
ethers of the acids C n H-°-' J 0 4 , homologous with oxalic acid, (FIFO (namely, about 
14°) ; also in the carbonates, sulphocyanates and borates of the alcohoI-radiclesUMI * . 

These results seem to show that, as a rule, the greater the quantity of oxygen con- 
tained in any series of compounds, the smaller is the effect on the boiling point of a 
difference of composition amounting to CIP. . 

In the chlorides, bromides and iodides of the alcohol-radicles C"H • , a difference in 

composition of CH 2 causes a difference in boiling point of from 24 to 31 degrees ; in 
the corresponding sulphides and sulphydrates (mcrcaptans) the difference also consider- 
ably exceeds 19°. 

Measurement of the Tension of Vapours .— The various methods Hint have 
been employed for measuring the maximum tension of vapours at different temperatures, 
depend upon principles already explained. We have here to describe briefly the 
manner in which these principles were put in practice, and to state the most important 
results obtained. 

The tension of vapours at temperatures below the ordinary boiling points of the 
corresponding liquids, and therefore at pressures less than that of the atmosphere, have 
been measured by determining the depression of the mercury column of a barometer 
produced by the saturated vapours at known temperatures. Fig. 643 represents the 
apparatus employed by Regnault {Relation des Experiences, &c. p. 489) in his prin- 
cipal series of experiments made by this method. The liquid whoso vapour is to bo 
examined is contained in a small bulb almost completely filled by it, and hermetically 
sealed without any trace of air. This bulb is introduced into a glass globe, the neck 
of which is then drawn out, bent at a right angle, and cemented into a narrow T-tube of 
copper, the other branches of which communicate, one of them through a drying tub© 
containing pumice-stone and sulphuric acid, with an air-pump, the other, by a capillary 
tube, with the top of a wide glass tube open below and dipping into mercury. This 
last tube forms the barometer, the depressions of which are observed ; its upper part 
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is insidn a metal water-bath, one face of which is formed by a sheet of plate glass, and 
in which are also contained the upper part of an ordinary barometer, to serve as a 

standard of comparison, and tho glass globe 
spoken of above; this, as shown in the figure, 
rests on a metal ring carried by a support 
rising from the bottom of the bath. Pre- 
vious to beginning the experiments, the in- 
side of the glass globe and of the tubes com- 
municating with it is rendered absolutely dry 
by repeatedly pumping out the air, and each 
time allowing it to be filled again by air dried 
by passing through the sulphuric acid drying 
tube. Then, by bringing a piece of hot char- 
coal near the outside of the globe, the bulb 
containing the liquid is burst, and the experi- 
ments are proceeded witli by observing simul- 
taneously tho temperature of the bath in which 
the globe is immersed, and the difference in 
height of tho two barometers. 

The same apparatus, slightly modified, 
served for the determination of the tension 
of vapours in presence of air or other gases. 

For the determination of the tension of 
the vapour of water at higher temperatures, 
Rognault (ibid. p. 515) employed the ap- 
paratus represented in Jig. 514, an apparatus 
which enabled him to measure tho pressure 
under which water boiled at various tempe- 
ratures (see p. 83). The apparatus consists 
of a coppor retort, containing the water to 
be experimented upon, and communicating, 
through a tube surrounded by cold water 
(whereby tho steam produced is condensed and whence it continually flows back as 
water into tho retort), with a copper globe of 24 litres capacity. Tin's globe is con- 
nected with a manometer which indicates the pressure inside the whole apparatus, and 



also with a branch tube by means of which air can be withdrawn from or forced into 
the apparatus, so. as to bring the pressure to the required amount. The temperature 
of the boiling water in the retort is indicated b y four thermometers, two of which dip 
into the water, and two into the steam. In order to prevent any alteration in the capa- 
cities of tho bulbs of the thermometers, resulting from the pressure of the vapour upon 
them, they are enclosed in iron tubes, closed at the bottom and containing mercury. 

The following table gives the results obtained at intervals of five degrees between 


Fig. 543. 
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— 32° and + 230°. (For tables of the tensions of water-vapour at eaeh degree centi- 
grade between these limits, and at each tenth of a degree between - 10° aud + 35 Q 
and between 85° and 101°, see Regnault, loo. cit. pp. 624-633.) * 


Maximum Tension of Water-vapour between —32° and +230°. (Regnault.) 


Temperature. 

Tension, 

millimetres. 

Temperature. 

Tension, 

millimetres. 

Temperature. 

Tension, 

millimetres. 

-32° 

0-320 

55° 

117-478 

145° 

3 1 25-55 

30 

0-386 

60 

118*791 

150 

3581-23 

25 

0-605 

65 

186-945 

155 

4088-56 

20 

0-927 

70 

233 093 

160 

4651-62 

15 

1-400 

75 

288-517 

165 

5274-54 

10 

2-093 

80 

354-643 

170 

5961-66 

5 

3113 

85 

433*041 

175 

6717*43 

0 

4-600 

90 

525-450 

180 

7546 39 

+ 5 

6-534 

95 

633-778 

185 

8453-23 

10 

9TG5 

100 

760000 

190 

9442-70 

15 

12-699 

105 

906-410 

195 

10519-63 

20 

17-391 

310 

1075-370 

200 

11688-96 

25 

23-550 

115 

1269-410 

205 

1295506 

30 

31-648 

120 

1491-280 

210 

14324-80 

35 

41-827 

125 

1743-880 

215 

15801-33 

40 

54-906 

130 

2030-280 

220 

17390-36 

45 

71-391 

135 

2353-730 

225 

19097*04 

50 

91-982 

140 

2717-630 

230 

20926-40 


Determinations of the tension of water- vapour up to 111 degrees have also been 
made by Magnus (Pogg. Ann. lxi. 225) by a method essentially similar to the first 
of those above described. His results agree closely with those of Regnault. (For the 
older determinations of the pressure of steam at high temperatures by Arago and 
Du long, see Omelin’s Handbook, i. 262.) 

The following table, by Fairbairn and Tate (Phil. Trans. I860, p. 220), gives the 
temperatures at which water is completely converted into saturated steam under 
various pressures, together with t he volume of steam formed under these circumstances 
compared with that of the water from which it is produced. 


Pressure , Temperature , and Volume of Saturated Strain. 


Pressure* 

Temperature. 

Volume. 

Inches. 

Millimetres. 

Fahrenheit. 

Centigrade. 

635 

135*9 

136-77° 

68 20° 

8275*3 

8-62 

219-9 

155*33 

68*51 

5333-5 

9 45 

240 0 

169*36 

70-70 

4920 2 

12-47 

3167 

170*92 

7718 

3722*6 

12-61 

320-2 

171*48 

77*4 9 

3715*1 

13-62 

345 9 

174*92 

79-40 

34 38 1 

1601 

406*6 

182-30 

83-49 

3051*0 

18-36 

466*3 

188 30 

86-83 

2623-4 

22-88 

681-2 

198*78 

92 66 

2149*6 

63-61 

1361-7 

242-90 

117*16 

943*1 

55-52 

1410-1 

244*82 

118*23 

908*0 

55-89 

1419-6 

245 22 

118*45 

892*5 

66-84 

1697*7 

255 60 

12416 

759*4 

76-20 

1935-4 

263*14 

128-41 

6492 

81 53 

2070-8 

267-21 

130*67 

6353 

84*20 

2138*9 

269-20 

131*77 

606*7 

92*23 

2342-6 

274-76 

134*86 

584*4 

90-08 

2287-9 

273*30 

134 05 

543-2 

99*60 

2529*8 

279-42 

137-45 

515*0 

104 54 

2655 2 

282-58 

139*21 

497*2 

112 7H 

2864*6 

287*25 

141*80 

458-3 

122-25 

3105*1 

292 53 

144*74 

433 1 

114-25 

2901*9 

288*25 

142*36 

4496 
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The following tables contain the results of some of Regnault’s experiments on the 
tension of the vapours of other liquids. (M&n. Acad. Sciences, xxvi. 349-«58.) 


Tension of Vapours. 


Temperature. 

Alcohol. 

Ether. 

Sulphide of 
carbon. 

Chloroform. 

Benzene. 

Oil of 
turpentine. 

° C. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm 

- 20 

3-3 

67-5 

43-5 

. . 

4-9 


10 

6-6 

113-3 

81-0 

. 

13-4 


o 

12'8 

183*3 

1320 

. 

26 -6 

27 

+ 10 

24-3 

286-4 

203 0 

. 

46-6 

2-9 

20 

44-5 

433*3 

301 8 

160-5 

• 76-3 

4*4 

40 

133-6 

909-6 

6170 

366*2 

182-3 

10-8 

60 

350-3 

1728-5 

1163-7 

751-0 

388-6 

26-5 

80 

812 8 

3024-4 

2033-8 

1404-6 

756-6 

61-3 

100 

1694-9 

4950-8 

3329-5 

2426*5 

1352-3 

1311 

120 

3219*7 

7702*2 

6145-4 

3916-2 

2256-3 

257 2 

140 

66370 


7556-9 

6965-8 

3537-0 

464-0 

160 

7258-7 


• • 

7226-5 

4336-7 

605*2 


Tension of Vapours — continued. 


Liquefied Gases. 

Mercury. 

Tempera- 

ture. 

Sulphurous 

anhydride. 

Ammonia. 

Sulphydric 

acid. 

Tempera- 

ture. 

Tension. 

Tempera- 

ture. 

Tension. 

°C. 

mm. 

mm. 

mm. 

°c. 

mm. 

°c. 

mm. 

-78-2 


240 0 

441*4 

0 

0*0200 

120 

1-531 

40 


528-6 


10 

*0268 

150 

4-266 

30 

287 5 

876-6 

2808-6 

20 

-0372 

180 

1100 

20 

479-5 

1397-7 

4273-0 

30 

•0530 

200 

19-90 

10 

762-6 

2149-5 

5945-0 

40 

•0767 

250 

75-75 

0 

11657 

3162-9 

7709-3 

50 

•1120 

300 

2427 

+ 10 

1719*5 

4612-2 

10896-3 

60 

7643 

350 

663 2 

20 

2462 0 

6467*0 

14161-5 

70 

•2410 

400 

1587-9 

30 

3431-8 

8832-2 

18035-3 

80 

■3528 

450 

3384-3 

40 

4670-2 

11776-4 

22582-5 

90 

•5142 

500 

6520-2 

60 

6220-0 


27814-8 

100 

•7455 

620 

8264-9 


It was supposed by Dalton that the tension of the vapours of all liquids is the same 
at temperatures equally distant from their respective boiling points. The observations 
from which tho above tables arc constructed show that this rule is not strictly true, but 
is nearly so in most cases for small intervals of temperature above or below the boiling 
points: hence, in order to correct boiling point observations for the variations of 
atmospheric pressure, it may be assumed without sensible error that a difference of 
pressure equal to 27 millimetres of mercury causes a difference in the boiling points 
of all liquids, equal to that which it produces in the case of water, — namely, 0*1° C. 
(see pp. 85 and 92.) Jtv 

Tension of the Vapours of Mixed Liquids and of Saline Semyons.-- Regnault’s 
experiments on the tension of the vapour of mixed liquids prove that : (1) when two 
liquids exert no solvent action upon each other, as water and sulphide of carbon , water 
and bichloride of carbon (CC1 4 ), or water and benzene, the tension of the vapour which 
rises from a mixture of them is very nearly equal to the sum of the tensions of the two 
separate liquids at the same temperature ; (2) with water and ether, which dissolve 
each other to some extent, but not in all proportions, the tension of the vapour of the 
mixture is much less than the sum of tensions of the separate liquids, being scarcely 
equal to that of ether only; (3) when the two liquids dissolve -each other in all pro- 
portions, as ether and sulphide of carbon, benzene and alcohol, water and alcohol, the 
tension of the vapour of the mixed liquid is intermediate between the tensions of the 
separate liquids. 

Tho tension of the vapour of saline solutions has been examined by Begnault and 
by Wiitlner (Jahresber. 1858, 42-47 ; 1860, 47-49). Regnault’s experiment* were 
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made by means of the apparatus represented in fig. 543, p. 92 ; Wullner employed 
a differently arranged apparatus, but one which depended ou essentially the same 
principles. It results from these investigations that the tension of the vapour of a 
solution is less than that of the vapour of pure water at the same temperature, and that 
in the case of efflorescent salts and of salts that are permanent in the air, the diminu- 
tion of the tension of the vapour emitted by the solution is oxactly proportional to tho 
quantity of salt dissolved in a constant weight of water, but in the caso of deliquescout 
salts it is proportional to the quantity of hydrated salt dissolved : c. g., for a solution 
If potash, to the quantity of KHO. 211-0 ; for a solution of soda, to the quantity of 
NaHO.lJ-lPO ; for a solution of chloride of calcium, to the quantity of CaCF.GlPO. 
Tin* absolute amount of diminution of tension depends on the temperature, and becomes 
gjvnter as the temperature rises. 

Tension oj Vapours in an umvcnfg h ated space. — In an enclosed space, the tempe- 
rature of which is different at different parts, the vapour of a liquid can assume a state 
of statical equilibrium ouly when its tension is equal to the maximum tension corre- 
sponding to the temperature of the coldest part of the space. If the vapour has, to 
begin with, a greater tension than this, liquefaction will take place in the coldest part, 
since the pressure is greater than that which the vapour can support at the tempe- 
rature of this part, and this process will continue until the tension throughout 
tho whole space is reduced to the point already stated. It is upon this principle 
that the process of distillation, and the action of the. condenser of tho steam engine, 
depend. 

Complete Vaporisation of Liquids under great pressures. — When the temperature of 
a liquid is raised sufficiently high, vaporisation occurs under the highest pressure to 
which the substance can be subjected. Alcohol, ether, or rock-oil, enclosed in a tube 
of strong glass or iron, is completely converted into vapour only when the space not 
occupied by the liquid is somewhat greater than the volume of the liquid itself. With 
roek-oil the empty space may be somewhat smaller than with alcohol, and with ether 
still less. Alcohol when thus heated acquires increased mobility, expands to twice its 
original volume, and is then suddenly converted into vapour. This change takes place 
at 207° C. (404-0° Fah.), when tho alcohol occupies just half the volume of the tube ; 
if the tube is more than half filled with alcohol, it bursts when heated. A glass tubo 
one-third filled with water becomes opaque when heated, and bursts after a few 
seconds. If this chemical action of the water on the glass bo diminished by the addi- 
tion of a little carbonate of soda, the transparency of the glass will be much less 
impaired ; and if the space occupied by the water bo I of tho whole tube, the liquid will 
be converted into vapour at about the temperature of melting zinc (Cagniard do la 
T o u r). — If liquid carbonic anhydride sealed in a glass tube occupies of the volume of 
the tube at 0° it neither increases nor diminishes in bulk when heated, because tho 
increase of volume produced by heating is just compensated by the. diminution caused 
by vaporisation If it occupies £ of the space at 0°, its volume diminishes when it is 
heated, und increases when it is cooled, because the loss by evaporation preponderates 
over the expansion. If it takes up § of the space, its volume increases by heat and 
contracts by cold, as in a thermometer ; but at -i- 30° (86° Fah.) the whole is converted 
into vapour. The gas, which at 0° occupies the space above the liquid carbonic anhydride 
would, if condensed, yield of its volume of liquid acid ; and t hat which is produced 
at + 30° would give J (§? Gmelin) of its volume of liquid carbonic anhydride at 0°. 
(Tli ilorier.) 

When chloride of ethyl was heated in a very thick scaled tube, the upper surface ceased 
to be distinctly marked at about 170°, and was replaced by an ill defined nebulous zone 
possessing no reflecting power; as the temperature rose, this zone increased in width in 
Loth directions, becoming at the same time more and more transparent. After a time, 
the liquid w;is entirely converted into vapour, and tho tube became quite transparent 
und apparently empty. As the temperature fell, tho same phenomena were reproduced 
in the opposite order (I)rion, Ann. C'h. Phys. [3] lvi. 33). Similar appearances were 
observed on heating ether in *a sealed tube to about 190°. According to Drion, the 
temperature at which ether is completely vaporised, in a space nearly three times 
its original volume, is 19 J'5°. The precise temperatures observed in these experiments 
are, however, of no real significance, unless they are accompanied by accurate determi- 
nations of the corresponding real volumes of the liquid and vapour. 

It has been similarly observed by Andrews that when liquid carbonic anhydride was 
gradually heated to 31°, the surface of demarcation between the liquid and gas became 
fainter, lost its curvature, and at last disappeared. The space was then occupied by a 
homogeneous fluid, whieh exhibited, when the pressure was suddenly diminished, or 
the temperature slightly lowered, a peculiar appearance of moving or flickering stride 
throughout its entire mass. At temperatures above 31° no apparent liquefaction of 
carbonic anhydride or separation into two distinct forms of matter could be effected, 
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even when a pressure of 300 or 400 atmospheres was applied. Nitrous oxide gave 
similar results. (Andrews, in Miller’s Chemical Physics, ed. 1863, pp. 328, 329.) 

Latent Heat of Vaporisation. — When heat is imparted to a volatile liquid, its 
effect is, at most temperatures, twofold. Part of it goes to increase the temperature of 
the liquid, and part to cause vaporisation. But when a liquid is boiling under constant 
pressure, however much heat is communicated to it, the whole of it is absorbed in pro- 
ducing the second of these effects only. Conversely, when heat is withdrawn from a 
saturated vapour, under a pressure which is maintained constant, the vapour is changed 
into a liquid, without alteration of temperature. The consumption of heat in vaporisa- 
tion, without the production of a corresponding elevation of temperature, and its evolu- 
tion during condensation, unaccompanied by a corresponding fall of temperature, were 
first observed by Black. These phenomena were described by him by saying that 
during the former process, a certain quantity of sensible heat became latent, and that 
this latent heat became sensible again during condensation. The quantity of heat that 
must be given to a liquid to convert it into vapour, or which must be withdrawn from 
a vapour to convert it into liquid, without causing change of temperature, is still spoken 
of as the latent heat of vaporisation. 

The determination of this quantity is made by determining the specific heat of the 
substance for an interval of temperature within which it passes from the liquid to the 
vaporous state, or vice vend., and is therefore in principle similar to the determination 
of the latent heat of fluidity (p. 77). The following table gives the number of units of 
heat which must be imparted to a unit of weight of various liquids at their respective 
boiling points, in order to convert them into vapours at the same temperatures. The 
letters F S in the third and sixth columns denote that the determinations were made 
by Favro and Silbormann (Ann. Chim. Phys. [3] xxxvii. 464-470); the letter A 
denotes determinations by Andrews (Chem. Soc. Qu. J. i. 27); and Kg, by 
Regnault. 

Latent Heat of Vapours. 


Substance. 

Latent 
Heat of 
Vapour. 

Observers. 

Substance. 

Latent 
Heat of 
Vapour- 

Observers. 

Water . 

535-77 

FS 

Valeric acid . 

10352 

FS 

»> 

535-90 

A 

Butyric acid . 

114-67 

M 


536-07 

Rg 

Acetate of ethyl 

105-80 


Bromine 

45*60 

A 

i> „ 

92-68 

A 

Trichloride of phos- ) 

51 <42 


Acetate of methyl . 

110-20 


phorus J 


91 

Formate of ethyl . 

105-30 


* Sulphide of car- ) 

86'G7 


Formate of methyl 

11710 

m 

bon . . ( 


** 

Iodide of ethyl 

46-87 


Tetrachloride of tin 

3053 

PS 

Iodide of methyl . 

46 07 


Alcohol . 

208-92 

Oxalate of ethyl 

72*72 


„ 

202-40 

A 

Butyrate of methyl 

87*33 

FS • 

Methylic alcohol . | 

263-86 

FS 

Ethal . 

58-44 


1 

A my lie alcohol 

263-70 

A 

Oil of turpentine . 

68-73 


121-37 

FS 

| Tercbeno 

67-21 


Ether . 

9111 

M 

Oil of lemons 

7002 



90-45 

A 

Hydrocarbons from* 



j Amy lie ether . 

69-40 

FS 

amylic alcohol : 



; Acetic acid . 

101-91 

,, 

(cz). (B.P. 205°) 

59*91 


i Formic acid . 

\ 

120-72 

” 

(5). (B. P. 250°) 

4F- 

it 


The latent heat of 


vaporisation varies with the temperature at #blcli the vapour is 
formed ; more heat is for instance required to convert a given quantity of water at 
60° into vapour of the same temperature than to produce the same change in water at 
1 00 . It was supposed by Watt that the latent heat of vaporisation diminished exactly 
at the same rate as the sensible heat increased, so that the sum of the two remained 
constant at all temperatures. But Regnault ( Relation des Experiences, &c., 
pp. 635 — 728; also works of the Cavendish Society, vol. i. p. 294) has shown that 
this is not the case. He finds that the total quantity of heat \ (expressed in heat-units) 
which a unit of weight of saturated aqueous vapour contains at the temperature t° C., 
exceeds the amount contained in the same weight of water at 0° by the quantity 

X » 606-5 + 0-305 1. 

If from this we subtract the quantity of heat which a unit of weight of water at t° 
contains, beyond that which is contained in the same weight of water at 0° (see Reg- 
nault’s determinations of the specific heat of water at different temperatures, p. 34), 
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we shall obtain the latent heat L of the vapour of water at the temperature The 
values of X and L for various temperatures are given in the next table, together with 
the tensions expressed in millimetres and atmospheres. 


Latent That of Water-Vapour. 


| Temperature. 

Tension. 

X 

L. 


nun. 

atm. 



0° C. 

4*60 

0*006 

606*5 

606*5 

50 

91 98 

1*121 

621*7 

571*3 

100 

760*00 

1*000 

037*0 

536* > 

150 ' 

3581*23 

4 712 

652 2 

500*7 

200 

11688*9 6 

15*380 

667*5 

461 3 

230 

20926*40 

27*535 

676*6 

441*9 


The following formulae represent in like manner the results of Regnaulfs deter- 
minations (M4m. Acad. Sciences, xxvi. 881) of the total heats of vaporisation of several 
other substances at various temperatures : 


Sulphide of carbon : X — 

Ether: X = 

Benzene: X = 

Chloroform: X — 

Perchloride of carbon (CC1 4 ) : X = 

Acetone; X = 


90 0 + 0 14601 t - 0 0004123 t\ 
94 0 + 0*4000 t — 0*0005550 t l . 
109*0 + 0*2443 t - 0 0001315 t\ 
67 0 + 0 1375 t. 

52*0 + 0*1463 t - 0 000172 t\ 
140*5 + 0*3664 t - 0*000516 t\ 


The following table gives the total heats of vaporisation of some additional liquids 
at the temperatures at which they boil under the ordinary atmospheric pressor# 
{ibid. 913) : 




Total 

1 


Total 

Substance. 

(toiling 

Point. 

Meat of 
Vapori&u- 

‘ Substance. 

Moiling 

Point. 

float of 
Vaporing- 



t inn. 



lion. 

Alcohol 

78*26° 

265*52 

Bromine . 

C0° 

50*95 

Amy lie alcohol 

132 

211*78 

Chloride of tin 

114 

46*84 

Oil of lemons 

171*80 

100*49 

■ ( 'hloride id' arsenic . 

133 

69*74 1 

Oil of turpentine . 

Id, *15 ; 

189 15 

j Trichloride of plios - ) 

73*80 

67*24 

iVtrolone 

i 

194*87 

phorus . £ 

i ( ’hloride of ethyl . 

12*50 

97*70 

; Acetate <»f* ethyl 

74 

154*19 

1 Iodide of ethyl 

1 71 

58*95 

i 


' 


Kegnault finds, as the result of direct experiments {ibid. 903), “that the total heat 
of vaporisation of a liquid in a current of gas is equal to that which the same liquid ab- 
sorbs when it boils in an atmosphere formed by its own vapour, and exerting an elastic 
force equal to that actually acquired by the vapour of I ho liquid in the current of gas.” 

Cotd -produced by Vaporisation. Liquefaction of Gases. — When the evaporation of 
a liquid is hastened by reducing the pressure upon it and continually removing tho 
vapour which forms, or by exposing a large surface and rapidly renewing the atmo- 
sphere in contact with it, tho consequent absorption of heat is such, in the case of the 
more volatile liquids, as to produce a very considerable fall of temperature. Water, 
for instance, may be frozen by placing it under the exhausted receiver of an air-pump 
near a vessel of strong sulphuric acid (Leslie). The rapid volatilisation of more 
volatile liquids produces still more striking results, and in fact constitutes the most 
effectual means known of producing extremely low temperatures. 

1 »v causing a rapid stream of dry air from the bellowi of a glass-blowers’ lamp to 
bubble by several tubes at once through about 200 grammes of ether, Loir andDrion 
(Bull. Soc. Chim. Paris, i. 184 ; Seance du 22 Juin, 1860) succeeded in reducing the 
temperature of the liquid to —34° in 4 or 6 minutes, and maintaining this temperature 
very nearly constant for at least 15 or 20 minutes. At this temperature considerable 
quantities of cyanogen can be condensed at the atmospheric prrssuro. The condensa- 
tion of this gas begins under these circumstances at about —22°; by blowing gently 
on the surface of the condensed liquid with a common pair of bellows it is immediately 
caused to solidify. By similar means, sulphurous anhydride is easily liquefied. 
Chlorine does not condense under the common pressure at —34°, but by using liquid 
Vou IIL H 
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sulphurous anhydride in place of ether, a temperature of —50° can be produced, and 
this is amply sufficient for the liquefaction of both chlorine and ammonia. Lastly, by 
evaporating liquid ammonia (which boils in the air at -357°) in an exhausted receiver 
over sulphuric acid, they attained the temperature of about —87°, at which point the 
ammonia solidified, and carbonic anhydride condensed to a liquid at the common atmo- 
spheric pressure. _ . 

An apparatus for the liquefaction of ammonia, to be used for refrigeration, has been 
described by Regnault (M6m. Acad. Sciences, xxvi. 609), and a very simple con- 
trivance for the same purpose was exhibited by Carr 4 at the International Exhibition 
in London in 1862. (For a description and figure of the last apparatus, see Miller’s 
Chemical Physics, ed. 1863, p. 298, footnote.) 

Several gases can be liquefied by increased pressure alone, without reducing their 
temperature below that of the atmosphere. The necessary pressure can often bo 
attained by evolving the gas in an enclosed space (as in a sealed glass tube); under 
these circumstances, the elastic force continues to increase until the point of maximum 
tension is reached, and then liquefaction occurs. In this way, carbonic anhydride may 
bo liquefied by its own pressure when it is evolved from acid carbonate of sodium and 
diluted sulphuric acid in a strong wrought iron bottle connected with a wrought iron 
receiver. When tho liquid carbonic auhydride thus produced is allowed to escape in a 
fine stream into the air, part of it is immediately vaporised, and the consequent absorp- 
tion of heat is sufficient to cause the remainder to condense to a white, crystalline 
solid, like snow. The principle of this method was first put in practice by Faraday 
in experiments on tho small scale; an apparatus in winch considerable quantities of 
liquid carbonic anhydride could be thus prepared was first devised and constructed by 
Tlii 1 ori er. 

The pressure necessary for the liquefaction of gases may also bo produced by com- 
pressing them by means of a force-pump, as in Natterer’ s apparatus for the lique- 
faction of nitrons oxide. 

By the evaporation of gases, condensed by any of the processes above indicated, the 
lowest temperatures yet attained can be produced, the greatest degree of cold hitherto 
recorded bring —140°, the temperature, according to Nattercr, of a mixture of liquid 
nitrous oxide and bisulphide of carbon evaporating in vacuo . 

Still more powerful means of liquefaction than those already mentioned, were em- 
ployed by Faraday in his later experiments on this subject (Phil. Trans. 1845, p, 170), 
ami ho thereby succeeded in reducing to the liquid state all known gases, with the 
exception of oxygen, hydrogen, nitrogen, nitric oxide, carbonic oxide, and marsh-gas, 
— and in solidifying the greater number of them. The method adopted was to subject 
the gases to tho joint action of powerful mechanical pressure and extreme cold. The 
first object was attained by tho successive action of two air-pumps, the first having a 
piston ono inch in diameter, the second only half an inch. The first produced a 
pressure of about 20 atmospheres, tho second increased it to upwards of 50. Tho 
tubes into which the gas thus condensed was made to pass were of green bottle- 
glass, from to ~ of an inch in external diameter, and had a curvature in one portion 
of their length adapted for immersion in a freezing mixture. The mixture employed 
consisted of solid carbonic anhydride and ether. The cold produced by it amounted to 
— 76-6° in the open air and to —110° under the exhausted receiver of the air-pump. 

Many gases, when subjected to this extreme degree of cold, were liquefied without 
the use of the condensing apparatus : this was the case with chlorine, cyanogen, am- 
monia, sulphuretted hydi’ogen, arseniuretted hydrogen, hydriodic acid, hydrobromic 
acid, carbonic anhydride, ethylene, nitrous oxido, and oxide of chlorine. Fluoride of 
silicon liquefied at a pressure of 9 atmospheres. The following werfi solidified when 
subjected to tho action of the carbonic anhydride bath in vacuo : hy<Modic acid, hydrobro- 
mic acid, sulphurous anhydride, sulphuretted hydrogen, carbonittj^inhydride, oxide of 
chlorine, cyanogen, ammonia, and nitrous oxide. The following jfi® 9 did. not solidify, 
even at the lowest temperature that could be obtained : ethylene, fluoride of silicon, 
fluoride of boron, phosphoretted hydrogen, hydrochloric acid, and arseniuretted hydrogen. 
Tho six gases mentioned at tho commencement of the preceding paragraph showed no 
signs of liquefaction when cooled by the carbonic anhydride bath in vacuo: hydrogen 
and oxygen at 27 atmospheres, nitrogen and nitric oxide at 50, carbonic oxide at 40, 
and marsh-gas at 32 atmospheres. 

Andrews has since succeeded in exposing these gases to still greater pressures, but 
without producing liquefaction, although a bath of ether and solid carbonic anhydride 
was used ; air was reduced to - n -* T of its bulk, oxygen to ^ hydrogen to carbonic 
oxide to and nitric oxide to ^ of its original volume. Hydrogen and carbonic 
oxide departed less from Boyle’s law than oxygen and nitric oxide. 

Distillation . — One of the processes most frequently resorted to by the chemist 
for tho purpose of separating different substances is to expose the mixture containing 
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them to a temperature at which the constituent it is wished to isolate rises in vapour 
while the others remain still solid or liquid. The ordinary nethods of performing 
this operation of distillation, and the apparatus commonly employed are too 
familiar to every chemist for it to be necessary to describe them hero in detail. (For 
a full description of the process and the modifications that become desirable in parti- 
cular cases the reader is referred to A Handbook of Chemical Manipulation, by 
C. G r e v 1 1 1 e Yv 1 1 1 1 a m s, London, 1 857, pp. 202-244. ) 

AVhen the liquid submitted to distillation is a mixture of two or more substances of 
unequal volatility, tho vapour formed when ebullition begins generally contains a 
larger percentage of tho most volatile constituent than the liquid remaining in the 
retort. Hence, the composition of tho liquid alters as the distillation continues, and its 
boiling point rises accordingly. On the other hand, if the boiling point of a liquid 
remains constant during distillation, it is usually an indication that its composition is 
unaltered by tho process, and therefore that tho composition of tho distillate also 
continues the same throughout.. The boiling point of a liquid becomes therefore a very 
useful indication of the uniform or varying nature of the products of its distillation, 
and by collecting apart the portions which pass over at different temperatures, a 
mixture of different liquids may often bo to a groat extent resolved into its constituents. 
It seldom happens, however, except with a mixture of two liquids whose boiling points 
are very distant from each other, that a single operation of this kind gives either con- 
stituent in a state of purity. This is especially the caso when the distillation is performed 
in a retort or other vessel which allows (he vapour to pass to tho condenser almost 
immediately after its formation. Under those circumstances, the distillate obtained at 
any period of the operation is almost identical in composition with the vapour that is 
rising from the liquid, and therefore contains a certain quantity of every constituent of 
the liquid that produces vapour of sensible tension at the temperature at which ebulli- 
tion is going on. Hence, in order to effect any great amount of separation in this 
manner, the distillate must be collected in separate fractions, each of them corresponding 
to a definite interval of temperature ; each fraction must t hen bo fractionally distilled 
by itself, in tho same w'ay as the original liquid, the products which pass over between 
the same temperatures on tho second distillation of the first fractions being collected 
together; and this process must be repeated as loDg as any further separation into 

Fig. 545. 



ist met constituents can be effected. Those numerous re-distillations may often be 
considerably curtailed by using, instead of a retort, a flask fitted with a rather wide 
ranched tube, of the form shown in fig. 545. The thermometer is inserted into the 
hKlfu-k branched tube, ami is so adjusted in the cork or piece of india-rubber 

which holds it in its place, that the top of the bulb is just below the opening of 

M2 
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the side branch by which the vapour passes to the condensed In an apparatus thus 
arranged, the vapour rising from the liquid comes in contact with aconsideraDie surface 
of glass cooled by contact with the air, before it is able to leave the distilling vessel: the 
consequence is that, in proportion as it rises above the surface of the boiling hquid, it 
becomes more and more completely freed from its less volatile constituents j and the va- 
pour which ultimately reaches the cod denser, at any stage of the operation, is identical 
with the most volatile portions that would be obtained by the repeated fractional distil- 
la t ion of the liquid resulting from the complete condensation of the vapour existing in the 
flask at the time. In fact, one distillation made in this wav is equivalent to several made 
in a retort ; nevertheless, this method is not always applicable, since the temperature ot 
the boiling liquid requires to be always considerably higher than that of the liquid which 
is actually distilling, otherwise the whole of the vapour would he condensed before reach- 
ing the exit tube — and this would sometimes cause chemical alteration of the substance. 

The composition of the distillate which a liquid yields at any period of its distillation 
does not depend solely upon the tension of the vapours of its several constituents at the 
temperature of ebullition ; it is greatly influenced also by their relative proportions, 
and by the densities of their vapours. In distilling a volatile liquid containing a small 
quantity of a less volatile one (for instance, benzene containing a little water), it may 
very often be noticed that the whole of the less volatile constituent is contained in the 
first few drops of the distillate. This is because the latter substance produces vapour 
of whatever tension corresponds to the temperature of ebullition of the mass of the 
liquid, just as a larger quantity of it would do ; this vapour diffuses itself through that 
of the more volatile constituent and is carried forward with it into the condenser ; a 
further quantity of the less volatile vapour is then formed, and the process continues 
thus until the whole of the loss volatile Hquid has been volatilised, although the tem- 
perature may not have approached within many degrees of its boiling point. 

The influence of the vapour-densities of the several constituents of a mixed liquid, 
upon the rapidity with which they respectively distil, has been specially pointed out by 
Wanklyn (Proc. Roy. Soc. xii. 534) and by Berthelot (Compt. rend. lvii. 430). Leav- 
ing out of consideration the influence of the adhesion of the ingredients for each other, 
the quantity of each ingredient which distils may be found by multiplying its tension 
at the boiling point of the mixture by its vapour-density. Hence, the liquid whoso 
vapour has the highest tension will not necessarily distil the quickest: what the other 
liquids want in tension, they may make up by the greater density of the vapours which 
they give off. Wanklyn gives the following experiment in illustration of this effect: 

18 grms. of methylic alcohol — boiling point 66°, vapour-density 1T07 — was mixed with 
17 grms. of iodide of ethyl — toiling point 72°, vapour-density 5‘397 — and the mixture 
was distilled until rather more than onc-third had passed over. The distillate (14‘7 
grms.) consisted of 6'0 grms. of methylic alcohol and 8’7 grms. of iodide of ethyl, 
showing that the less volatile constituent, owing to its greater density of vapour, had 
distilled most quickly. When the vapour-densities and tensions are inversely propor- 
tional, the mixture must distil over unchanged. This influence of vapour-density goes 
a great way to explain why homologous bodies are so difficult to separate by fractional 
distillation. The more complex the formula the higher the boiling point, but also the 
higher the vapour-density, and therefore the greater the value of the vapour. It also 
explains why oils, &e. distil so readily in steam ; for aqueous vapour is one of the 
lightest, while oily vapours are generally heavy. (Wanklyn, toe. cit.) 

The action of the sun upon the water at the surface of the earth causes a natural 
process of distillation upon an enormous scale to bo always going on. The water 
evaporated from the earth’s surface rises in the atmosphere as vapour, and being after- 
wards deprived of its heat of vaporisation — partly by radiation into spaee, and partly by 
contact with mountain summits, or with the cold air existing at high elevations — 
returns to the earth in the various forms of dew, mist, rain, snom^ail, &c. In this 
way an immense quantity of water is being continually lifted fEsi the sea-level, a 
large proportion of which does not fall again directly into the sea, ‘but, being deposited 
on elevated portions of the land, becomes the inexhaustible source whence streams and 
rivers are supplied. The watery vapour which reaches the higher and colder regions 
of the atmosphere, is there condensed into snow. This, as it falls again towards the 
earth, returns to the condition of water, if the air through which it passes is sufficiently 
warm to liquefy it ; but part of it reaches the earth unmelted, and that which falls 
upon regions whose mean temperature is below zero, accumulates to form the enormous 
masses of ice known as glaciers. Now it is universally admitted by geologists that, 
at an epoch by no means (geologically) remote, extensive glaciers existed where none 
have been known within historic times, and that glaciers which still exist had then a 
very much greater extent In order to account for the former existence of so much 
larger a quantity of ice at the surface of the earth than that which is now to be found, 
it has often beeu supposed that, at the period when this occurred, the mean tempera- 
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ture of the earth was considerably lower than at present. But, as Ty n d a 11 has pointed 
out ( Heat considered as a Mode of Motion , pp. 192, 193), even admitting such to 
have been the case, the observed result would not have followed. If cold is necessary 
to condense the vapour of water into ice, heflt is no less needed for the first production 
of the vapour. Hence the condition of the earth which is in reality indicated by the 
vast development of glaciers in former ages, is one in which the process of distillation 
went on more rapidly. These considerations have been recently carried further by 
Frnnklnnd. He has shown, by the comparison of well-established data, that the 
height of the Jiite of perpetual snow above the sea-level at different parts of the earth, 
depends, not only upon the temperature, but also upon the amount of atmospheric pre- 
cipitation which fakes place; and he concludes, from Tyndall's experiments on the 
absorption and radiation of heat by aqueous vapour (see Kaoiation of Hkat), that 
the condensation of the vapour contained in the atmosphere takes place chiefly by the 
direct radiation of its heat of vaporisation into space. If this conclusion is correct, 
condensation must have occurred with nearly equal readiness at all stages of the earth’s 
history, and all that was therefore necessary to cause a greater atmospheric precipita- 
tion in past times, was a more rapid supply of aqueous vapour. Hence, according to 
Frunkland, the glacial epoch of the geologists is an indication of a higher mean tempe- 
rature of the earth’s surface in former ages, and not of a lower temperature. The 
climatological conditions of this epoch ho considers to have been a necessary eonsequenco 
of the continuous cooling of the earth’s crust from the high temperature which it is 
admitted to have had at a still earlier era to that which it has at present. In the 
earlier ages alluded to, the temperature of the earth is supposed to have been sueli that 
u great part of the waters of our present ocean must have existed as vapour ; and not- 
withstanding that rapid condensation of this vapour must have occurred, the surface of 
the earth was too hot to allow the precipitated water to accumulate as ice. But as the 
cooling progressed, the temperature of the land would fall more quickly than that of 
the ocean ; hence a period would arrive when the former would bo so far cooled that 
ice could accumulate upon it, while the temperature of the water still remained such 
that evaporation, and consequently condensation, went on much more rapidly than at 
present. It is during this period that, according to Frunklund, the glacial epoch occurred. 
Jts cessation he attributes to tho further action of the same cause as that wilieh produced 
it ; namely, to the progressive cooling of the earth, which has now arrived at sueli a 
point that evaporation no longer takes place with sufficient rapidity to supply the 
materials required for the formation of the enormous glaciers of former ages. It is 
impossible to discuss here the cause of the former high temperature of the earth’s wur 
face, indicated bj' the tropical fauna and flora which preceded the glacial epoch, and, 
according to Frankland, by the glacial epoch itself; but it lias been proved by 
Thomson that, for ages long anterior to either of the periods referred to, the internal 
heat of the earth can have produced no sensible effect upon the climate of the surface. 

Just as in the process of distillation, as carried on in the laboratory, there is a trans- 
ference of heat from the retort to the condenser, and consequently a constant tendency 
to the approximation of their temperatures : so one of the effects of the great natural 
process of distillation is the partial equalisation of the temperature of different parts of 
the earth's surface, and of the different- strata of the atmosphere. 

Various instruments and processes, mostly depending on principles already explained 
in this article, have been proposed for measuring the quantity of aqueous vapour exist- 
ing in the air at any given time. A full description of all the most important of them 
will be found in the article Hygrometer. 

ScnLiMATlox. — When, during the distillation of a volatile substanee, the temperature 
of the receiver is kept so low that the vapour which enters it passes at once into the 
solid state, without previous liquefaction, the process is called sublimation, and the 
product a sublimate. This process is often resorted to for the purification of sub- 
stances which volatilise rapidly at temperatures below their melting points. 


Changes of Physical Structure. — Some solid substances arc capable of existing 
under two or more forms distinguished from each other by differences of specific gravity, 
hardness, crystalline form, fusibility, optical and electrical properties, &e. Curiam, 
f‘»r instance, exists as diamond, graphite, and charcoal, as well as in other secondary 
modifications; phosphorus occurs either as an easily fusible, translucent-, yellowish, 
crystalline substance, or as a much less fusible, opaque, amorphous body of a brick -red 
colour; and so for many other substances, wimple and compound. It. thus often 
happens that the different modifications of the same substance differ more in their 
physical properties, than other substances do which are chemically distinct; and the 
passage from one modification to another, though not amounting to a change of elate of 
aggregation, may be considered as a phenomenon of the same class as such changes. 
Accordingly, it has been found, in all cases in which this point has been investigated, 
that the passage of a solid body from one modification to another, is attended either 
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with development or with absorption of heat. The experiments which have been made 
on this subject are not numerous enough to enable any general conclusions to be drawn 
from them with great certainty, but they appear to indicate that development of heat 
usually attends the passage from a vitreous or amorphous condition to a crystalline 
condition, and consequently that the opposite change is accompanied by absorption of heat. 

The following are examples of transformations of the kind under consideration: 

1. If melted sugar be allowed to cool to about 38°, and then, while it is still soft and 
viscid, be rapidly and frequently extended and doubled up, till at last it consists of 
threads, as in drawn sugar, the temperature of the mass quickly rises ho as to become 
insupportable to the hand. After this liberation of heat, the sugar on again cooling, 
is no longer a glass, but consists of minute crystalline grains and has a pearly lustre! 
The same change may occur in a gradual manner, as when a clear stick of barley-sugar 
becomes white and opaque in the atmosphere (Graham, Elements of Chemistry, 2nd 
ed. i. 46). — 2. When the soft vitreous sulphur, obtained by pouring sulphur meited at 
180° or 200° into cold water, is gradually heated in an air-bath of which the tempera- 
ture is about 98°, the temperature of the sulphur, as soon as it reaches 93°, rises 
suddenly to 110°, and it then passes immediately into the hard crystalline state which 
it would have assumed gradually at the ordinary temperaturo (Regnault, Ann. Cb. 
Phys. [3] i. 206). The prismatic crystals of sulphur obtained by fusion have been 
long known to pass gradually into octahedral crystals. The same change takes place 
much more quickly when the crystals are agitated, or when they are put in contact 
with sulphide of carbon, even if this liquid is already saturated with sulphur. 
M itseh orlich found that the rapid transformation of prismatic into octahedral sul- 
phur which occurs under these circumstances was attended by the evolution of a 
quantity of heat sufficient to raise the temperature of the sulphur employed by 12°, or 
which, taking into account the specific heat of sulphur, amounted to 2*27 units of heat 
per grammo of sulphur (ibid. xlvi. 124). Fuvre, who has estimated by an indirect 
process (Jahresbor. 1853, p. 29) the heat evolved in the transformation of one variety 
of sulphur into another, finds that the quantity of heat liberated, when one equivalent 
(16 parts) of ordinary sulphur is converted into the modification insoluble in sulphide 
of carbon, amounts to 3102 units, and that the conversion into the same modification 
of one equivalent of soft vitreous sulphur, evolves 3804 units of heat. — 3. Selenium, 
when completely melted and then rapidly cooled, constitutes a black mass with a 
brilliant surfaco and a fracture exactly resembling that of obsidian or of black glass. 
When this is heated very gradually, a sudden rise of temperature to 200° or 230° takes 
place as soon as the thermometer arrives at 96° or 97°. 'Idle selenium is afterwards of 
a bluish grey colour, and has a distinctly metallic lustre. Its fracture, instead of being 
vitreous, now shows a fine granular structure like that of grey cast iron. The heat 
evolved in the transformation is estimated by Regn ault as sufficient to raise the tem- 
perature of tho selenium operated upon by more than 200 degrees (Ann. Ch. Phys. 
[3] xlvi. 290). — 4. According to Fa v re (loc.cit), 28,246 units of heat are evolved when 

one equivalent (31 parts) of common phosphorus is converted into red phosphorus. 

5. Tho transformation of 1 grm. of arragonite into calc-spar corresponds to the evolution 
of 12 9 units of heat (Favro and Silbcrmann, Ann. Ch. Phys. [3] xxxvii. 435). — 

0. Many amorphous minerals and artificially prepared metallic oxides become tem- 
porarily incandescent when gently heated, and are then found to have become crystalline 
without having undergone any alteration in weight. Gadolinite (silicate of yttrium) 
exhibits this behaviour in a remarkable degree. (For further examples of analogous 
changes, soo Gindin’ s Handbook , i. 104-107.) 

The existence of ozone seems to provo that the same chemical substance may exist 
even in tho gaseous state, in more than one modification, and analogy renders it pro- 
bable that, when such is the case, tho transformation of one moddfertion into the other 
is attended by calorimetric phenomena. Sulphur-vapour at tempjjpturcs only slightly 
above the boiling point of sulphur, and at 800° and upwards, is art instance of another 
kind of difference in tho properties of one and the same gaseous substance, which un- 
doubtedly depends on the quantity of heat present in it, although the heat needed to 
change the one modification into the other has not been measured. 

4 . — Relations of Heat to Chemical Affinity. 

Whatever may bo tho real nature of that property of matter called chemical 
affini ty, by virtue of which mutual alterations of composition occur when chemically 
dissimilar bodies are brought together under appropriate conditions, one most im- 
portant fact is clearly established with regard to it; namely, that its manifestations 
are always accompanied by the production or annihilation of heat. Change of compo- 
sition, or chemical action, and heat are mutually convertible : a given amount of 
chemical action will give rise to a certain definite amount of heat, which quantity of 
heat must be directly or indirectly expended, in order to reverse or nndo the chemical 
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action that has produced iL The production of beat by chemical action, and the 
definite quantitative relation between the amount of heat evolved and the quantity of 
chemical action which takes place, are roughly indicated by the facts of our most 
familiar experience; thus, for instance, the only practically important method of pro- 
ducing heat artificially consists in changing the elements of wood ami coal, together 
with atmospheric oxygen, into carbonic anhydride and water, and every one knows that 
the heat whielrcan be thus obtained from a given quantity of coal is limited and is at 
least approximately always the same. 

The accurate measurement of the quantity of heat produced by a given amount of 
chemical action is a problem of very great difficulty ; chiefly because chemical changes 
very seldom take place alone, but are almost always accompanied by physical changes 
involving further calorimetric effects, each of which requires to be accurately measured 
and allowed for, before the effect duo to the chemical action cun bo rightly estimated. 
Thus the ultimate result comes, in most cases, to be deduced from a great number of 
independent measurements, each of which is liable to a certain amount of error. It is 
therefore not surprising that the results of various experiments should differ to a com- 
paratively great extent, and that some uncertainty should still exist as to the exact 
quantity of heat corresponding to even the simplest cases of chemical action. 


Beat evolved in rapid Combustions. — The reactions in which the evolution of 
heat is moststrikingly evident, are of course those which are accompanied by visible incan- 
descence or combustion ; and, accordingly, the earliest experiments on the heat, of chemi- 
cal action had reference solely to the heat disengaged in rapid combust ions. Lav oi s i «*r 
and Laplace were the first investigators of this subject. Their experiments, made 
about 1 7 H(), consisted in ascertaining the quantity of ice which could be melted by 
burning in a current of air known weights of the substances examined. In 1814, 
Count K urn ford made experiments of asimilar kind by means of a water-calorimeter. 
His chief object was to ascertain the relat ive calorific values of the principal combustiblo 
eubstances in actual use as fuel, and from this point of view his results still possess 
considerable value, although they cannot lay claim to scientific accuracy. In order to 
counteract the influence of the air and other external objects upon the temperature of 
his calorimeter, or at least to reduce that influence to a minimum, Rumford began 
each experiment when 1 he water of the calorimeter was its much colder than the sur- 
rounding air, as (lie had found by preliminary trials) it would be hotter at the end of the 
experiment. In this way, the calorimeter gained heat from the air during the first 


half of each operation, and lost an almost exactly equal quantity during the second 

half, so that the total effect was almost no- y- 

thing. This artifice, employed for the. firbt ^ ' ' 

time by Rumford, has been adopted in nearly a a 

every subsequent investigation relating to 

calorimetry. The experiments of Rumford fa 

were followed by those of C rawford, Dal- / 

ton, and Clement Desorin es, and moro I J n# 

recently by the investigations of I) c s p r e t z *' '^..j \m iv9 r 

and I)u long. The researches of the last | C i 

named physicist were left unfinished at his ^1^ -; TyTh WFVWt If 

death, but the results obtained appear to ill jp Hjj nMJB/ cW 'I f ^ 

have been much more accurate than those ^ ^ M' PHI 9lrvll? 3 

of his predecessors. The most, exact and li * ti l •]- rfih ^ 

comprehensive researches hitherto made /* J v/ j if . j 1 \ • ---- v x Ik X 

into this subject are, however, those of j ’ - |V-; jfl jii M - fcf.- - v-~ C * 

I avre and Silberman n (Ann. Ch. Rhys. ! i 'll " 

[■*] xxxiv. 367 ; xxxvi. 5 ; xxxvii. 406). and - n ; I fi " "fjX ; I- - 

Andrew's (Phil. Mag. [3J xxxii. 321 and -T 1\ j jT [; A I j > 

1 he calorimeter employed by Favre and F: I ^ \ 

Silbermann in their experiments on coin- ^ — j L •/fljjf 

bastion in oxygen gas, and in other actions £ j . - £ vAil^h; 

whereby large quantities of heat were ge- '» 1 

nerated, is represented in section in fig. 646, ■ ’*? f : , Bfi 

the scale of which is one-fifth of that of the ~ aH PI J 

actmil apparatus. The calorimeter, pro- 

fH*rly so called, is the cylindrical vessel O OC\ ~ nfril ; V- n '<1 

made of copper plated externally with silver ' T..— ;===£g|fqC 

and brightly polished, and closed by a cover 
^ the same material. This is surrounded — MBi /i r' 1 ' IW 

y a second vessel, hb, also of silvered copper, but having the polished surface inside, 
ne space between C and b Rung tilled with swan’s dowm , outside this again is *ft^hird 
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vewiol, <scc, to the bottom of which b u firmly connected by screw-bolts. The annular 
fpace which separates this vessel from b contains water } the temperature of which is 
indicated by the thermometer t, and which serves to neutralise the effect of accidental 
variations of the temperature of the atmosphere. The chamber in which the combus- 
tions take place is made of gilt copper-plate, and is represented by A. When the 
combustions are to be made in oxygen, the gas, previously purified, enters this chamber 
by the tube d ; the products of combustion escape, if gaseous, by the vertical tube s, and 
pass from thence into the serpentine S, where they give up their heat to the water of 
the calorimeter, and then finally leave the apparatus by the upper part of the tube s : 
when no gaseous products are formed, the extremity of this tube is closed. If the 
substance to be burned is a gas, it enters the combustion-chamber by a jet connected 
with the tube o ; solid bodies are attached to fine platinum-wires, suspended from the 
cover B, which closes tho combustion-chamber ; liquids are burned in small capsules, 
or in lumps with asbestos wicks ; charcoal is placed in a sort of sieve, through the 
openings of which tho oxygen has access to it. The progress of the combustion can bo 
watched in tho mirror m through a window in the tube below composed of a triple disc 
of glass, alum, and quartz. The temperature of the water in the calorimeter is kept 
uniform throughout by means of the agitator aaa, which is moved by special mechanism. 
In all cases where it was practicable to do so, Favre and Silbermann deduced the 
quantity of substance burned from the weight of tho products of combustion. 

The apparatus employed by Andrews was of much simpler construction. When the 
substances to be combined were in the gaseous state, and the products of combustion 
were also gaseous, the two gases were mixed in the proper proportions, as in a eudiome- 
tric experiment, and introduced into a vessel of thin sheet copper, of about 24 cubic 
inches capacity. This vessel was closed by a screw, t hrough which passed a silver wire, 
insulated from it by a cork, and connected by a thin platinum wire within the vessel 
to a second silver wire soldered to tho screw itself. By passing a voltaic current 
through the platinum wiro for an instant, it could be heated to redness and the gaseous 
mixture exploded. The copper vessel was introduced into a larger vessel, which was 
filled up with water: this was suspended in a cylinder provided with a movable cover, 
and the whole was enclosed in an outer cylindrical vessel, arranged so as to admit of 
its being made to rotate upon its shorter axis. The apparatus having been mounted, 
was caused to rotate, so as to bring every part to a uniform initial temperature, which 
was carefully read off by a very sensitive thermometer. The thermometer was then 
withdrawn ; tho gases exploded; the outer vessel of water closed by a cork; and the 
apparatus caused to rotate for thirty-five seconds. Tho thermometer was then again 
introduced and tho rise of temperature ascertained; after which tho apparatus was 
made to rotate n third time for thirty-live seconds, and tho temperature again observed, 
in order to ascertain the cooling effect of the atmosphere upon the apparatus during 
the timo that tho experiment lasted : it was found that this effect seldom exceeded 
of the total quantity to be measured. 

When solid bodies were burned in oxygen, the combustion was effected in a copper 
vessel, of about 250 cubic inches in capacity, which was filled with oxygen ; a known 
weight of the combustible was placed in a small platinum dish, and when all was ready, 
it was fired by means of a voltaic current sent through a very fine platinum wire. Tho 
vessel in which the combustions took place was immersed in a large cylinder containing 
a known quantity of water, and surrounded by an outer vessel of tin-plate, to prevent 
radiation. The copper vessel could be moved up and down in t he water by means of a 
lever. Particular expedients were sometimes required to insure ignition : thus, in 
burning zinc-filings and other metals in oxygen, a small fragment of phosphorus (from 
1 to 8 milligrammes) was employed to kindle the metal ; the weight of the phosphorus 
being known, the heat evolved by it could bo calculated and deducted from total 
amount produced. Some of these experiments lasted a quarter of an hour and #jj|i’rtrds, 
so that tho correction for the cooling effect of the air became of considerable imfjpntanee. 

When the combustions were made in chlorine, the substance to be burned Was en- 
closed in a thin glass bulb, which was broken by agitation after being immersed in the 
gas ; in these experiments it was not necessary to apply heat to cause the combustion 
to begin. The clilorino itself was usually contained in a glass vessel, filled with it by 
displacement ; in the experiments on potassium, a brass vessel was used, perfectly dry 
chlorine haring no action on brass. An excess of the metal was always used, so as to 
insure the complete absorption of the chlorine, and the quantity of the latter substance 
consumed was, in most cases, ascertained by weighing the quantity of water which 
ruahed into the vessel after the experiment on opening it under water. 

The following table gives the quantities of heat, expressed in heat-units (gramme- 
degrees), evolved in the combustion of various elementary substances in oxygen, referred 
( 1) tg 1 gm. of each element burned, (2) to 1 grm. of oxygen consumed, (3) to 1 atom 
( ) of the several elements. 
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Heat of Combustion of Elementary Substance* in Oxyyen. 




Units of heat evolved 


Substance. 


by J grm. of 

by 1 grm. of 

by 1 at. of 

Observer. 



substance. 

oxygen. 

substance. 


Hydrogen . 
Carbon : 

IPO 

\ 33881 
) 34462 

4235 

4308 

33881 

34462 

Andrews. 

Favre & Silbermann. 

AVood-charcoal 

CO* 

1 7 900 
/ 8080 

2962 

3030 

94800 

969G0 

Andrews. 

Favre & Silbermann. 

Gas-retort carbon 


8047 

3018 

96564 

»» 

Native gruphito . 

»» 

7797 

2924 

93664 

Artificial graphite 

»» 

7762 

2911 

93144 

i 

Diamond 

Sulphur: 

” 

7770 

2914 

93940 

»> 

Native 

SO 3 

2220 

2220 

71 040 


Recently molted , 


2260 

2260 

72320 


Flowers 

Phosphorus: 

H 

2307 

2307 

73821 

Andrews. 

(yellow) 

PW 

5747 

4454 

178157 


Zinc 

ZnO 

1330 

6390 

86160 


Iron 

Fe*0 4 

1582 

4153 

88592 


Tin 

i SnO a 

1147 

4230 

135360 


Copper . 

CuO 

G03 

2394 

38301 



Note. — Andrews’ determinations have been recalculated from the original experimental numbers, 
using the atomic weights and specific gravities of gases adopted in this Dictionary, ami therefore the 
numbers in the above table do not always agree precisely with those contained in the general table of 
results which lie has himself given (Phil. Mag. [3] xxxil. 432). 


The following results have been obtained by the complete combustion of partially 
oxidised substances : 




Units of heat evolved 


Substance. 

Product. 

by 1 grm. 

In formation of I mole- 

Observer. 



uf sub- 

eule of the ultimate 




stance. 

prudui t. 


Carbonic oxide . 

CO 3 

(2403 
( 2431 

67284 

68064 

Favre & Silbermann. 
Andrews. 

Stannous oxido . 

SnO 3 

519 

69584 


Cuprous oxido . 

CuO 

256 

18304 

" 


The substances enumerated in this table contain exactly half as much oxygen as 
the completely oxidised products, and on comparing the amount of heat evolved in the 
formation of one molecule of stannic or cupric oxide from the corresponding lower 
oxide, with the quantity produced when a molecule of the same product is formed by t he 
complete oxidation of the metal in one operation (see previous table), we find that the 
combination of the second half of the oxygen contained in these bodies evolves sensibly 
half as much as the combination of the whole quantity. In the formation of carbonic 
anhydride, however, the second half of the oxygen appears to develope more than two- 
thirds of the total amount of heat; but this result is probably due, in part, at least, to 
the fact that when carbon is burned into carbonic anhydride, a considerable but 
unknown quantity of heat is expended in converting the solid carbon into gas, and 
thus escapes measurement; while, in carbonic oxide, the carbon already exists in the 
gaseous form, and therefore no portion of the heat evolved in the combustion of this 
substance, is similarly expended in producing a change of state. 

It seems probable also, that a similar explanation may be given of the inequalities 
in the quantities of heat produced by the combustion of different varieties of pure car- 
bon and of sulphur, — that is to say, that a portion of the heat generated by the 
combustion of diamond and graphite goes to assimilate their molecular condition to 
that of wood-charcoal, and that there, is an analogous expenditure of heat in the com- 
bustion of native sulphur: indeed, with regard to the latter ease, it is proved by direct 
experiments (see p. 102), that the opposite change to that supposed to tal^e place hero 
of recently melted sulphur into the same molecular condition as native sulphur it 
accompanied by disengagement of heat. 
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In like irianner, the heat evolved in combustions may in some cases be in excess of 
that due to the strictly chemical action which takes place: thus, when the product of 
combustion is solid, part of the heat must be ascribed to the solidification of the oxygen 
absorbed. Again, the heat of combustion of hydrogen, as given above, includes the 
latent heat of vaporisation of the water formed. In Andrews’ experiments the 
temperature of the calorimeter was about 20° C. : at this temperature the latent heat 
of vaporisation of 9 grms. of water (the quantity formed from 1 gnu. or atom of 
hydrogen) may be taken as «= 5500 ; and deduct ing this quantity from 33,881, we have 
28,381 as the number of units of heat evolved by the chemical combination of 1 grm. 
hydrogen and 8 grms. oxygen, according to these experiments. Favre and Silberraann 
do not give the ‘ temperature of their calorimeter, but probably the same correction 
may bo applied to their experiments without much error: they then give 34,462 — 
5500 = 28,962 as the true heat of combustion of 1 grm. of hydrogen. 

The experiments which have been made on the heat of combustion of definite 
compounds, other than the three already mentioned, relate almost exclusively to bodies 
composed of carbon and hydrogen, or of carbon, hydrogen, and oxygen. The results 
obtained by Favre and Silbermann and Andrews are contained in the following table. 
The numbers hero given represent the total heat produced, and therefore include that 
due to the condensation of the vapour of water formed in the experiments. 

Many of these numbers must bo regarded as approximations only (and sometimes 
as not very close approximations) to the truth. The chief causes of uncertainty with 
regard to them, besides the difficulties inherent in the experimental determinations 
themselves, are the different calorimetric properties of the substances examined — 
differences, that is, in regard to specific and latent heats — and, in some cases, their 
admittedly doubtful purity. Hence it is impossible to trace any exact correspondence 
between the composition of the bodies experimented upon, and the amount of heat 
which they ovolve upon combustion. A few general conclusions are, however, indicated 
with sufficient clearness to make it worth while to dwell upon them briefly. 

In the first place it appears that the heat of combustion of a compound is in general 
less than the heat of combustion of its elements. This rule is verified in the case 
of all the hydrocarbons given in the table, with the exception of olefiant gas, whose 
heat of combustion is almost exactly the same as that of its constituents, according to 
Favre and Silbormann’s determinations, and somewhat greater, according to Andrews. 
When a hydrocarbon is burned into carbonic anhydride and water, the chemical change 
which takes place consists, not merely in the union of carbon and hydrogen with oxygen, 
but also in their separation from their previous state of combination with each other. 
Now, it is an almost self-evident proposition, and one which has moreover received 
direct experimental confirmation, that whatever may be the calorimetric effect of any 

S ven chemical change, the calorimetric effect of its reversal is equal and opposite. 

cncc, if we suppose the combination of carbon and hydrogen-- to form marsh-gas, 
for example— to be accompanied by evolution of heat, wc must suppose that their 
separation is attended by the disappearance of an equal quantity of heat. The heat 
produced by the combustion of one molecule of nmrsli-gas, CH\ is therefore less than 
the quantity due to the combustion of one atom of (gaseous) carbon and four atoms of 
hydrogen, by the quantity of heat absorbed when these atoms separate from combina- 
tion with each other. Assuming (for want, of more certain data) that the heat of 
combustion of an atom of gaseous carbon is twice that of a molecule of carbonic oxide, 
we have, for the heat of combustion of C + IP (in round numbers), 134,600 + (4 x 34,460) 
= 272,440 ; but the heat of combustion of CH 4 is 209,000, whicli gives 272,440 — 209,000 
*= 63,440 as the number of units of heat produced by the combination of 1 atom of carbon 
with 4 atoms of hydrogen, or absorbed when these atoms separate. In like manner, 
we have, for the beat of combustion of C 3 + IF, (2 x 134,600) + (4 x 34,460) •►407.040 
units ; and deducting from this the heat of combustion of olefiant gasjotfe have 
407,000 — 332,000 = 75,000 for the calorimetric effect due to the separation oflESr atoms 
of a molecule of olefiant gas from each other. The difference between 63,4CKttthe heat 
of formation of CH 4 ) and 75,000 (the heat of formation of C 2 H 4 ), namebrl 1,600, may 
perhaps bo taken as representing the calorimetric effect of the combination or separa- 
tion of the two atoms of carbon contained in olefiant gas. The fact that the heat of 
combustion of olefiant gas, as found by direct experiment, is very nearly equal to the 
sum of the heats of its constituents, when the heat of an atom of carbon is taken at 
96,960 units, the quantity deduced from the combustion of wood-charcoal, probably 
indicates that the heat of vaporisation required to change the physical condition of 
two atoms of carbon from that of wood-charcoal to that which it has in the form of 
olefiant gas, is nearly the same as the heat required (o separate the atoms of a molecule 
of olefiant gas from each other. That the heat of vaporisation of carbon is very con- 
siderable is farther indicated by the great difference, already alluded to, between the 
calorific effect of the first and second atoms of oxygen contained in carbonic anhydride, 
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Heat of Combustion of Compound* in Oxygen. 


tot 





1 Units of heat evolved. 




Mile. 




Substance* 

Formula. 

cular 

weight. 

by 1 grm. 
of sub- 

by 1 molecule 
of sub- 

Oteerver. 




stance. 

stance. 





<13108 

209728 

Andrews. 

Marsh-gas 

CH 4 

16 

i 13063 

209008 

J Favre and 
( Silbermann. 




<11942 

334376 

Andrews. 

Olefiant gas . 

C*H 4 

28 

< 11863 

332024 

j Favre and 
( Silbermann. 

Amylene 

OH 10 

70 

11491 

804370 

t> 

Paramylene . 
Hydrocarbon : 1 

(from amylic alcohol j* 

C 10 H W 

140 

11303 

1582420 

»» 

C n H” 

154 

11262 

1734348 

i» 

boiling point 180°) j 
Cetylene 

C ,6 H» 

224 

11055 

2476328 

*» 

Metamylene . 

C 2# H" 

280 

10928 

3059840 

»t 

Oil of lemons . 

C ,0 H 19 

136 

10959 

1490424 

tt 

Oil of turpentine . 

C 10 Il‘ a 

136 

10852 

1476872 

it 

Terebene 

C 10 H ,fl 

136 

10662 

1450032 

it 

Ether .... 

C 4 H>°0 

74 

9028 

G68072 

n 

Amylic ether (impure ?) . 

C ,0 H«O 

168 

10188 

1609704 

it 

Mcthylic alcohol 

CH<0 

32 

5307 

169824 

i» 

Ethylic alcohol 

C J H-0 

46 

} 7184 
( 6850 

330464 

315100 

»i 

Andrews. 

Amylic alcohol 

Cetylic alcohol: ^ 

C 5 IT 7 0 

88 

8969 

788392 

( Favre and 
( Silbermann. 

(latent heat of fusion [ 
added) . . J 

C'*H s4 0 

242 

10629 

257J2218 

>i 

Formic acid . 

CH a 0 2 

46 

2091 

96186 

it 

Acetic acid 

C 2 H<0 3 

60 

3505 

210300 

„ 

Butyric acid . 

(PHW 

88 

5647 

490936 

it 

Valeric acid . 

C a H ,0 O* 

102 

6439 

656778 

it 

Palmitic acid . 

C'°H«0 3 

256 

9316 

2384896 

it 

Stearic acid , 

C'*H**0 2 

284 

9716 

2759344 

it 

Formate of methyl . 

CWO 3 

60 

4197 

251820 

it 

Acetate of methyl . 

C s H a 0* 

74 

5342 

396308 

tt 

Formate of ethyl . 

C*H a O l 

74 

6279 

390646 

n 

Acetate of ethyl 

CTPO 3 

88 

6293 

653784 

it 

Butyrate of methyl 

C*H ,a O* 

102 

0798 

693447 

M 

Butyrate of ethyl . 

C a H ,s 0 4 

116 

7091 

822556 

ti 

Valerate of methyl . 

C a H ,2 0* 

116 

7376 

855616 


V alerate of ethyl . 

C 7 H ,4 0* 

130 

7835 

1018550 

t* 

Acetate of amyl 

; C 7 H ,4 0* 

130 

7971 

1036230 

it 

Valerate of amyl 

C ,a H‘*O a 

172 

8544 

1469568 

i» 

Pulmitabe of cetyl ) 

(spermaceti) . ) 

C^H^O* 

480 

10342 

4964160 

if 

Hydrate of phenyl . 

OH-O 

94 

7842 

737148 

if 

Sulphide of carbon . 

CS* 

76 

3400 

268400 

*i 


*s well as by the fact that the heat of combustion of a molecule of sulphide of carbon 
exceeds the sum of the heats of its constituents. 

It will be understood that the foregoing calculations are given* rather for the sake 
of drawing attention to the necessity of taking account of nil the change^ whether 
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chemical or physical, which accompany a given chemical reaction, when we are dis- 
cussing the quantity of heat produced by it, than because the results arrived at are 
supposed to be numerically accurate. Indeed it is by no means probable that these 
results are, at best* anything more than roughly approximative ; for, to mention no 
Other source of uncertainty, the assumption that we have made, that the heat produced 
by the complete combustion of carbon is twice as great as that evolved by the combus- 
tion of the same quantity of carbon in the form of carbonic oxide, is most likely not 
strictly true. For it has been pointed out by Butlerow that the four units of 
combining capacity (Classification, i. 1010 et seq .) possessed by one atom of carbon 
are not exactly equivalent to each other in chemical function, and Erlenmeyer has 
suggested, with great probability, that the difference between them is due to differences 
in the strength of the chemical affinity with which each unit enters into combination 
(see references in the article Formulas, ii. 704). If this be so, tho combination of 
an atom of carbon with one atom of oxygen must evolve more heat than the combination 
of the product so formed (carbonic oxide) with a second atom of oxygen. 

The numbers in the above table show that tho heat evolved by the combustion of 
equal weights of tho hydrocarbons (CH*) B , homologous with olefiant gas, diminishes as 
their molecular weights increase. But it is not easy to say how far this result may be 
due to accidental causes (tho numbers given are deduced from a sihgle experiment, 
except in the case of olefiant gas, for which Favre and Silbermann obtained very con- 
cordant results in two experiments), or to the influence of the physical properties of 
the substances. It may be remarked that the isomeric substances, oil of lemons, oil of 
turpentine, and terobene, also gave different quantities of heat, although their 
molecular weights are the same.* 

The acids homologous with acetic acid may be regarded, empirically, as formed 
by the combination of tho hydrocarbons (CH 2 ) n with oxygen ; that is, they may bo 
considered as products of the partial combustion of tho hydrocarbons. Hence, we 
' should expect each acid to give out, when burned, less heat than the hydrocarbon con- 
taining the same quantity of carbon and hydrogen, and this is shown by the numbers in 
the above table, to bo really the case, the difference between the heat of combustion of 
an acid and that of a given hydrocarbon being greater in proportion as tho acid is more 
oxidised. Thus, starting from amylene, C 4 !! 10 , and comparing with it quantities of 
valeric, butyric, and acetic acids which contain tho same quantity of carbon and 
hydrogen, wo have the following numbers : 

1 molecule amylene, CHI 10 = 70 produces 804400 units of heat. 

1 „ valeric acid, C 4 II ,0 O a -=C s II , ° + O 2 = 102, „ 656800 „ 

14 „ butyric acid, llCIPO 2 ■= C 5 II 1# + O 2 * — 110, „ 621200' „ 

2} „ acetic acid, 2$C 2 H«0 2 =C r TI ,0 + O J =150, „ 525750 „ 

Compared in this way, the difference in composition between amylene and valeric 
acid, namely O 2 , is four times as great as that between valeric acid and butyric acid, 
and the corresponding differences in the heats of combustion of these substances are 
exactly almost in the same proportion : but this closo agreement is, probably, in great 
part accidental : for the heat of combustion of acetic acid is decidedly greater than 
what might be calculated in the same way. 

The table further shows that isomeric substances by no means always give out equal 
quantities of heat when burned. For instance, acetic acid, C 2 H 4 0 2 , produces con- 
siderably less heat than its isomer, formate of methyl ; butyric acid, C 4 I1 8 0 2 , less than its 
isomer, acetate of ethyl ; valeric acid, C A H 10 O 2 , less than its isomer, butyrate of methyl. 
That differences of this kind would be found to exist, might have been deduced, with 
considerable probability, from the differences in the chemical constitution of tlje acids 
and of tho isomeric ethers : for, of the four equivalents of oxygen contained in these 
compounds, ono must be regarded as combined -with hydrogen, and the othrafcree with 
carbon in the acids ; whereas, in the ethers, all four equivalents of oxygeSjre com- 
bined with carbon. Iionco, the differences between the heats of rombuatftSn of the 
acids OHM) 2 and those of the isomeric ethers may be ascribed, at least in part, to 
the difference between the heat of combustion of an equivalent of carbon and that of 
an equivalent of hydrogen ; but considerations, such as have been already alluded to, 
mako it impossible to assign any exact numerical value to this difference. 

But, according to tho experiments hitherto made, not only do the acids differ from 
the isomeric ethers, in the quantity of heat which they produce when burned, but the 
others differ from each other : for instance, acetate of methyl produces more heat than 
its isomer formate of ethyl ; valerate of methyl, more than its isomer butyrate of 
ethyl ; acetate of amyl, more than its isomer valerate of ethyl. It is not easy to suggest 
any chemical reason for f he existence of such differences as these ; nor even to discover 
any empirical relations of a general kind among the experimental results. 

* Favrn and SUbormann assign to oil of lemons half the molecular weight of oil of turpentine, but 
without giving any reason for so dong. 
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£For the methods of calculating the heating powers of different kinds of fuel, and 
the temperature produced by its combustion, for practical purposes, see the article 
Fdbt., ii. 722 ct ary.] 

Combustions in Chlorine , and direct combination of Chlorine, Bromine, and Iodine . — 
The following table gives the quantities of heat evolved by the direct union of various 
elements with gaseous chlorine : 




Units of boat evolved 


Substance. 

Product. 

by 1 grm. o' 
substance. 

by 1 grin ol 
chlorine. 

by 1 at. (— 3-> ft 
grras.Jof chlorine 

Observer. 

Hydrogen 

Phosphorus . 
Potassium 

Iron 

Zinc 

Tin 

Arsenic 

Copper . 

Antimony 

Mercury 

HC1 

PCP(?) 

KC1 

IV Cl* 
ZnCl* 
SnCl 4 
AsCl* 
CuCl* 
SbCl* 

? 

(24087 

(23783 

3422(?) 

2655 

174-5 

1529 

1079 

994 

961 

707 

? 

678 

G70 

607 

2943 

921 

1427 

897 

704 

859 

860 
822 

24087 

23783 

21518 

101476 

32695 

50658 

31722 

24992 

30494 

30491 

29181 

Abria. 

Favre and Silbermann. 
Andrews. 

>» 

it 


The heat evolved by the direct union of bromine and iodine with zinc and iron has 
also been determined by Andrews (Trans. Koy. Irish Acad. xix. quoted in Miller’s 
Ch emical Physics, p. 311): the results obtained are given in the next table : 


Metal. 

Pro luct. 

Unit* of heat evolved 

by 1 grm. of 
metal. 

by 1 grm of bro- 
mine or iodine. 

by l at. of bromine 
_ or Iodine. 



Bromine . 



Zinc . . | 

1 ZnBr a 1 

1269 

1 508 

40640 

Iron . . 1 

1 IVBr* | 

1277 

1 298 

23833 



Iodine. 



Zinc 

ZnP 

1 819 

1 209 

1 26617 

Iron 

Fe z l* 

| 463 

63 

1 8046 


Heat produced l>y reaction* in tlie Wet Way. — Of the various reactions in 
the wet way, which have been studied calorimetrically, it will be most convenient to 
consider first those which take place between water and other bodies, since such 
actions intervene in man} T other coses also. 

Bilut on of Acids with Water— The heat produced by the dilution of strong acids, 
especially sulphuric acid, lias been the subject of many investigations, the most accurate 
of which are probably those of l' avro and Silbermann, 1 bom sen (Pogg. Ann. 
Ixxxviii. 349 ; xc. 261 ; Jahresber. 1853, p. 30); and Fayre and Quaillard (Compt. 
rend. 1. 1150). We give below a few of the results obtained. 

Sulphuric acid, S0 4 H a = 98. 

Thomsen determined the quant ity of heat evolved by the mixture of strong sulphuric 
acid, and of the same previously diluted with different quantities of water, with an 
excess of water — that is, with so much that any further quantity did not increase ths 
amount of heat evolved. He found that the addition of an excess of water 

to 98 grms. ( * 1 molecule) S0 4 H* evolved 17,248 units of heats, 
to 116 „ SO«H*.H*0 „ 10,848 

to 152 „ S0«H*3H*0 „ 6288 

to 188 „ S0 4 H a .5H z 0 „ 4480 

Favre has determined, in conjunction with Silbermann and with Quaillard,' tlie 
quantity of heat produced by the successive additions of known quantities of water 
to strong sulphuric acid. B*>th sets of experiments were made with the mercurial 
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calorimeter already described, and represented in fig. 531, p. 28. We give here the 
results published by Faroe and Quaillard as being the most recent. 

Addition of Water to 98 grammes (1 molecule) of Sulphuric Acid. 


Quantities Total 

of water Heat evolved on each quantity of Total Meat 
added sue- successive addition water evolved, 

ces lively. of water. added. 

Molecules. Molecules. 


Quantities Heatevolved T ° ,al ,i 
of water on each sue- Quantity of I *p ota j o , 
added sue- ressive water I 
cessively. addition of added. 

Molecules. water. Molecules. 


94668 

885*92 

171108 

2832-20 


. . 6512*80 

{318050 
. . 3244*00 


11597-60 

12776-60 


885-30 

754-48 

591-84 

46V36 

1063-66 

483-02 

222-46 

141-58 

86*96 

65-06 

43-28 

32-08 


13661-90 

14416-38 

15008-22 

15473-58 

1653724 

17020-26 

17242-72 

17384-30 

17471*26 

17536-32 

17579-60 

17611*68 


A little heat was still produced by the addition of the sixtieth molecule of water. 

These numbers show that a given quantity of water added to sulphuric acid evolves 
the same quantity of heat, whether it be added all at once, or in successive small 
portions, and that the heat which a given quantity of water produces is, accordingly, 
less in proportion as the amount previously added is greater. 

Nitric Acid , NO*H = 63. 

The following table gives the results of Thomsen’s experiments on the heat evolved 
on adding an excess of water to nitric acid, either undiluted or already containing a 
certain quantity of water. The numbers refer, as usual, to molecular proportions of 
acid and water expressed in grammes : — 


NO*H mixed with excess of water 


7560 units of heat. 


(NO*H + 0-421 IPO) mixed with 

excess 

of witter evolved 5680 „ 

M 

(NO s H + 

H-O) „ 

it 

„ „ 4088 „ 

91 

(NO’H + 1-5 

H*0) „ 


„ „ 3760 „ 

19 

(NO«H + 1-59 

IPO) „ 

M 

„ „ 3464 „ 

99 

(NO*H + 2 

H'O) „ 

19 

.» .. 2712 „ 

99 

(NO’H + 2-5 

IPO) „ 

If 

„ » 2184 „ 

If 

(NO*H + 3-6 

IPO) „ 

9! 

, „ 1392 „ 

ft 

(NO s H + 4-5 

H 2 0) „ 


, „ 952 „ 

M 


It will be observed that the heat which can be obtained by the addition of water to 
nitric acid diminishes as the quantity of water already present in the acid is greater, 
but that the diminution takes place, at first, much less rapidly than in the case of 
sulphuric acid. 

Acetic Acid, C I- 2 * H 4 0» - 60. 

The following results are those of Faroe and Quaillard: we give them in prder to 
call attention to the absorption of heat (indicated by the minus sign in the second 
column) produced by the first quantities of water added : £. ■ 

Quantities of „ . on Total quan- Quantities of Heat evolved T&tal quan* 

water added tlty of water water added on each addi- llty of water 

successively. aaaiuon oi water. added. successively, lion of water. added. 


I- 24-87 

- 2518 

- 356 
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Those numbers plainly show the simultaneous occurrence of two distinct actions 

. one of them attended with absorption of bent, the other with its production. The 
former action prevails at first, but gradually diminishes as more and more water is 
added, until, on the addition of the fourth half-molecule, its effect becomes less than 
that of the second, and a small evolution of heat takes place. From this point, until 
between five and sevcn-and-a-half molecules of water have been added, the calorific effect 
of a given quantity of water continually increases (contrary to what takes place with 
sulphuric and nitric acids), showing that the heat-absorbing action still takes place, 
but to a less and less extent, until more than five molecules of water have been added 
to each molecule of acetic acid. 

When successive quantities of alcohol, up to ten molecules, are added to acetic acid, 
each addition causes absorption of heat; but the numerical results clearly indicate, in 
this case also, the simultaneous occurrence of distinct phenomena. Favre obtained the 
following results : 

Molecules of alcohol successively) 

added to 1 moleculo of acetic j-111 1 2 2 2 

acid j 

Units of heat absorbed on the) 

addition of each successive j- 9191 0 91 7*35 14-88 31 85 4147 64*60 

quantity j 

Absorption of heat also frequently occurs on the dilution of saline solutions, a 
phenomenon with regard to which numerous quantitative determinations have been 
made by Favre. It is probable that in these cases, a change takes place more or less 
analogous to tho liquefaction of a solid by solution : acetic acid, or tt salt dissolved in 
a small quantity of water, may be conceived of as being imperfectly liquefied, so that 
further liquefaction, accompanied by the disappearance of a certain quantity of heat, 
takes place ou tho addition of more water. Viewed in this way, these phenomena 
appear to be comparable with tho gradual melting, which, as we have seen (pp, 74 and 76), 
takes place in some solids under the direct action of heat. 

Ju nction of Acids and Bases in presence of water . — It will bo easily understood that 
the thermal effects which may result from the react ion of different substances upon each 
other in presence of water, aro even moro complicated than any of those which have yet 
been considered, and therefore that the calorimetric study of these reactions is subject 
to still moro numerous causes of error than that of the foregoing processes. In uddi* 
t ion to the different specific heats of the reagents and products, and to the different 
t| tmnt it ie.y of heat absorbed by them in dissolving, or given out by them in combining 
with water, the conversion of soluble substances into insoluble ones, as a consequence 
of the chemical action, or the inverse change of insoluble into soluble bodies, are 
among the secondary causes to which part of the calorimetric effect may be due in 
these cases. The greater number of these disturbing causes may be got rid of, or at 
least very much reduced in amount, by effecting the reactions in the presence of com- 
paratively largo quantities of water, but then the difficulty of accurately measuring tho 
total quantity of heat produced becomes greater. 

The following table gives tho number of units of heat evolved, according to Favro 


Oxide of 

Equivalent*. 

Units of Heat evolved with Various Acids: 

Sulphuric. 

Nitric. 

Hydrochloric. 

Acetic. 

Potassium 

47 

16083 

15510 

15656 

13978 

Sodium 

31 

15810 

15283 

15128 

13600 

Ammonium 

26 

14690 

13676 

13636 

12640 

Barium 

76*5 


15360 

15306 

13262 

Calcium . 

28 


16943 

16982 

14676 

Magnesium 

20 

14440 

12840 

13220 

12270 

Manganese 

35-5 

12075 

10850 

11235 

9982 

Zinc . 

40o 

10455 

8323 

8307 

7720 

Cadmium . 

64 

10240 

8116 

8109 

7646 

Copper 

397 

7720 

6400 

6416 

6264 

Nmknl 

37*7 

11932 

10450 

10412 

9245 

Cobalt 

377 

11780 

9956 

10374 

• 9272 

Lead . 

111-7 

. 

9240 

, , 

7168 

Silver 

116 

• • 

6206 




Silbemnann's experiments, in the traiutfbrmation of equivalent quantities of various 





HEAT. 


112 

metallic protoxides into neutral salts, the reaction taking place in all cases in 'presence 
of a large quantity of water, and the products being all soluble- 

The heat evolved by equivalent quantities of potash and soda respectively, in form- 
ing neutral salts with the following additional acids, is shown in the next table : 


Acid*. 

Potash. 

Soda. 

Acids. 

Potash. 

Sods. 

Hydrobromic acid . 
Hydriodic acid 
Metaphosphoric ) 

acid . . ) 

Pyrophosphoric acid 
Phosphoric acid 
Formic acid 

15510 

15698 

16168 

16920 

17766 

15159 

15097 

15407 

15655 

13308 

Valeric acid . 

Citric acid 

Oxalic acid . 
Tartaric acid . 
Carbonic acid 
Hydrosulphuric ) 
acid . . £ 

13658 

14166 

13425 

12878 

6477 

13500 

13178 

13752 

12651 

6550 


Numerous determinations of a similar kind have also been made by Andrews 
(Trans. Eoy. Irish Academy, xix. ; Rep. Brit. Associat. 1849, p. 69 ; see also Miller’s 
Chemical Physics , p. 352). The following is the most important of the conclusions at 
which he arrived: — “An equivalent of the same base, combined with different acids, 
produces nearly the same quantity of heat ; but an equivalent of the same acid com- 
bined with different bases, produces different amounts of heat.*’ It is, however, 
scarcely needful to point out, that such a difference as is here implied between the 
chemical behaviour of acids and bases does not really exist in nature, and that its ap- 

S earing to be indicated by the experiments in question, could only result from the acci- 
ent of the bases examined representing a greater range of varying chemical energy 
than the acids. 

The results obtained on bringing together an alkali and an acid in various propor- 
tions are of considerable interest. They show clearly that, at least in the case of the 
most distinctly characterised acids, chemical action takes place only between definite 
atomic proportions of acid and alkali. The numbers given below represent the number 
of units cf heat evolved by one equivalent of potash or soda (the quantity containing 
39 pts. potassium, or 23 pts. sodium) when acted on by varying quantities of acid. 


* 1 equivalent potash 

with 1 equivalent sulphuric acid gave 15609 units of heat. 
it ® tt i» >> »» 15609 ,, ,, 

„ 1 „ acetic „ „ 13935 „ 

„ 2 „ „ ,, „ 13823 „ „ (Favre and Silbermann). 

The results of Thomson’s experiments (Jahreeber. 1854, p. 30) with sulphuric acid 
and potash and soda are as follows : 


Equivalents of acid J $ 

1T . , j (Soda 5424 10656 

Heat evolved ^ Potafth 4968 9g80 


1 

16368 

15368 


« * * 
15320 15524 15216 

. . 15248 


It will be seen that the evolution of heat increases sensibly in the same proportion as 
the quantity of acid used, up to one equivalent, but that beyond this point no further 
increase in the amount of heat evolved accompanies the augmentation of the quantity 
of acid. Hence it appears that acid sulphates of potassium and sodium are not formed 
in presence of a large quantity of water, a conclusion which agrees with Favre and 
Silbermann’ a observation, that the evolution of heat which takes place on adding one 
equivalent of base to a dilute solution of acid sulphate or sulphite of potissium, is the 
same as if the second equivalent of acid contained in the salt were er/mffryed in the 
free state. By experiments on the heat evolved on adding successivc€piantities of 
other acids — such as boric, silicic, phosphoric — to one equivalent of soda or potash, 
Thomsen found that the heat produced was at first nearly in proportion to the quantity 
of acid added, but that, as the latter was increased, the evolution of heat increased 
also, though in a continually slower ratio. 

Evolution of Heat in the formation of Aqueous Solutions . — When a gas dissolves in 
water, the heat due to the chemical action is augmented by that due to the physical 
phenomenon of the liquefaction of the gas ; so also, when a solid body is dissolved in 
water, the total thermal effect observed is due in part to the chemical action taking 

S I ace between the water and the solid, and in part to the liquefaction of the substance 
issolved. In the former case, the chemical and physical parts of the phehomenon 
both cause evolution of heat : in the latter case, the physical change occasions disap- 
pearance of heat ; and if this effect is greater than that due to the chemical action, the 
ultimate result of the combined process is the production of cold, and it is this which 
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is most usually observed. The following tables contain the results of Farr© and 
Sii berm aim’s experiments, calculated for one gramme of gas or solid salt dissolved. 


Solution of Gases in Water . 


Name of Gas. 

Unit* of heat 
evolved. 

Name of Gas. 

Unit* of hea» 
evolved. 

Hydrochloric acid 
Hydrobromic acid 

Hydriodic acid . 

449-6 

235 6 
1477 

Sulphurous acid 

Ammonia .... 

120*4 

5143 


Solution of Salts in Water. 


Name of Salt. 

Units of heat 
absorbed. 

Name of Salt. 

Units of heat 
absorbed. 

Sulphate of potassium 

35-3 

Nitrate of sodium 

45*5 

„ sodium . 

49T 

„ ammonium 

659 

„ ammonium 

111 

„ calcium 

27T 

„ calcium . 

247 

„ strontium . 

41-2 

„ barium . 

64-4 

„ lend . 

14*9 

„ zinc 

Ferrous sulphate 

14-8 

„ silver . 

31*1 

121 

Phosphate of sodium . 

52*3 

Uranic sulphate . 

+ 10*7 

Pyrophosphate of sodium . 

21 9 

Potassio-fcrrous sulphate . 

21*5 

Oxalic acid 

67 0 

Sulphate of aluminium and 


Oxalate of potassium . 

397 

potassium , 

231 

Acid oxalate of potassium . 

62*1 

Sulphate of aluminium and 


Tartrate of potassium 

17*3 

ammonium 

190 

„ ‘ sodium 

25*2 

Acid sulphate of potassium . 

25*6 

Tartaric acid 

19*8 

Chloride of potassium 

51 9 

Tartrato of potassium and 


„ sodium 

8 9 

sodium .... 

409 

, ammonium 

65 1 

Acetate of sodium 

281 

„ calcium . 

16*5 

„ calcium . 

3*5 

„ barium 

16 9 

„ lead . 

14*8 

„ strontium . 

24-9 

Acid acetate of potassium . 

19-3 

„ zinc (anhydrous^ 

+ 92-2 

Carbonate of sodium . 

527 

Ferrous chloride (anhydrous) 

+ 58-3 

Acid carbonate of potas- 


Cupric chloride (anhydrous) 

+ 73 7 

sium .... 

51*5 

Bromide of potassium 

37*8 

Sulphide of potassium 


Iodide of potassium . 

29*2 

(anhydrous) . 

+ 96-9 

Nitrate of potassium . 

70-5 




Noth.— T he sign plus ( + ) denotes evolution of heat. 


The foregoing table includes numbers relating to the solubility of some salts which are, 
in reality, either quite insoluble or very slightly soluble in water. These numbers are 
deduced from a comparison of those which represent the heat of formation of these salts 
with the numbers expressing the heat evolved by the same bases with other acids. 
The heat of formation of salts which are insoluble, and therefore separate out in the 
solid form, is "usually considerably greater than the heat of formation of soluble salts 
of the same bases and acids, and it is this excess which in the above table is given as 
the heat absorbed on solution by such salts as sulphate of barium, sulphate of stron- 
tium, &c. 

Cold produced by Chemical Decomposition. — The proposition that the 
thermal effect of the reversal of a given chemical action is equal and opposite to the 
thermal effect of that action itself, has already been referred to (p. 100) as one which 
might with great probability be assumed as true. A direct consequence of this 
proposition is that the separation of any two bodies is attended with the absorption of a 
quantity of heat equal to that which is evolved in their continuation. The truth Of this 
deduction has been experimentally established in various cases by Woods (Phil. Mag. 
[4] ii. 368; iv. 370); Joule (ibid. iii. 481) andFavre and Silbcrmann, by comparing 
the heat evolved in the electrolysis of dilute sulphuric acid, or solutions of metallic 
salts, with that which is developed in a thin metallic wire by a current of the same 
strength ; and by comparison of the heat evolved in processes of combination accom- 
panied by simultaneous decompositions, with that evolved when the same combination 
occurs between free elements. 

Voi- III. 


I 
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In the experiment* of Woods, a voltaic current was first made to pass through a 
vessel containing dilute sulphuric acid, and the quantity of gas evolved m a given time 
was determined, and also the simultaneous rise of temperature, the 'strength of the 
current being measured at the same time by the tangent-compass (ii. 460).. The 
electrolytic cell was then removed, and a thin platinum wire introduced between the 
poles, of such a len gt h as to produce a resistance equal to that of the electrolyte. The 
quantity of heat evolved in this wire was then determined, and found to exceed that 
which was previously evolved in the electrolytic cell, by a quantity equal to that which 
would be evoLved by the combination of the oxygen and hydrogen set free by the 
current in the previous experiment. 

Joule made similar experiments on the decomposition of dilute sulphuric acid, sul- 
phate of copper, and sulphate of zinc; and, regarding the difference in the quantity 
of heat evolved when the current traversed a circuit completely metallic, and when the 
metallic circuit was broken by the interposition of an electrolyte, as the heat absorbed 
by the separation of the elements of the electrolyte, he obtained numbers which agree 
very fairly with those found by other experimenters for the heat evolved in the union 
of the same elements, as shown in the following tablo, which gives tho quantities of 
heat evolved or absorbed in tho oxidation or reduction of 1 gramme of each metal, 
according to various experimenters. 



Joule. 

Dulong. 

Andrews. 

Favre and 
Sllberjnann. 

Grass!. 

Woods. 

Copper 

Zinc . 
Hydrogen . 

694 

1185 

33553 

1297 

34587 

600 

1315 

33808 

655 

1277 

34462 

3*4666 

611 

1307 

i 


The proposition in question has also been confirmed by experiments of another kind. 
Thus, for instance, by determining the heat evolved when different metals were dis- 
solved in water or dilute acid, Woods found that it was loss than that which would be 
produced by the direct oxidation of the same metals, by a quantity equal to that which 
would be obtained by burning the hydrogen set free, or which was expended in decom- 
posing the water or acid; and therefore that, when this latter quantity was added to 
his results, they agreed with the numbers given by experiments of direct oxidation. 
Tho quantities of heat evolved by 1 gramme of the several metals, when augmented by 
that corresponding to the decomposition of the water or acid, were as follows : — 


Metal. 

Heat by solution or 

1 gramme. 

Metal. 

Heat by solution of 

1 gramme. 

Sodium . 

3293 

Tin 

595 

Potassium 

1745 

Lead 

256 

Zinc 

1307 

Mercury 

118 

Iron ... 

1204 

Silver . 

96 

Copper . 

611 

Bismuth 

96*5 


Indirect methods of determining Heat of Combination . — Assuming the truth of the 
proposition that in the decomposition of a compound as much heat is absorbed as is 
liberated in its formation, it is obvious, from the foregoing examples, that the calori- 
metric effect of a given chemical change can be calculated if the effects f>{ all those 
which occur simultaneously with it are known. Upon this principle, wfiich is merely 
that adopted by Woods in the experiments described in the last parag»8i, Favre and 
Silbermaim have made a very extensive series of determinations of tHt-quantities of 
heat evolved in reactions which could not have been easily investigated directly. Their 
experiments were made with the mercurial calorimeter, and the heat due to a given 
process was in some cases deduced from two distinct reactions. Thus, the heat of 
formation of oxide of zinc was deduced (1) from the solution of metallic zinc in dilute 
sulphuric acid, (2) from the solution of zinc in dilute hydrochloric acid. For the pur- 
poses of calculation, the former reaction was considered as consisting in the formation 
of oxide of zinc, with simultaneous decomposition of water, Zn + IPO = ZnO + H*, 
and in the subsequent formation of sulphate of zinc by the action of this oxide on the 
dilute sulphuric acid, ZnO + IPSO* = H*0 + ZnSO 4 . The hoat absorbed by the 
calorimeter during the solution of 1 gramme of zinc was 567*0 gramme-degrees : this, 
according to the supposition, represented the heat of oxidation of the zinc + the heat 
of formation of sulphate of zinc from anhydrous oxide and dilute sulphuric acid — the 
heat absorbed by the decomposition of wat^r. Calling the heat of oxidation of one 
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gramme of sine x, and calculating, from the direct determinations previously recorded, 
the calorimetric effects of the other processes, we have 

* - 567 9 + 1060-4 - 335-5 - 1292*8. 

Similarly, when 1 gramme of zinc was dissolved in dilute hydrochloric acid, 503*8 units 
of heat were absorbed by the calorimeter, and the following equation was obtained to 
represent the heat of oxidation of that weight of zinc : 

x « 503-8 + 1060-4 - 274*3 => 1289*9; 

Heat absorbed Heat absorbed Heat evolved by 

by calorimeter. by decomposition action of dilute 

of water. hydrochloric acid on 

oxide of zinc. 

a result which agrees almost exactly with the foregoing. 

This number having been obtained, tho heat of oxidation of metallic copper could be 
deduced in a similar manner from the quantity of heat set free when a lcnown weight 
of zinc was dissolved in a solution of sulphate of copper. In this way the number 684 
was found for the heat of oxidation of 1 gramme of copper. 

The following table gives the heats of combination of one equivalent of several metals 
with one equivalent of various metalloids, deduced from experiments of this kind: — * 




Units of heat evolved by combining with 


Metals. 

8 grammes 

35 5 grammes 

80 grammes 

127 grammes 

16 grnmmes 


oxygen. 

chlorine. 

bromine. 

iodine. 

sulphur. 

Hydrogen 

34462 

23783 

9322 

- 3606 

2741 

Potassium 

76238* 

100960 

90188 

77268 

45638 

Sodium . 

73510* 

94847 




Zinc 

42451 

50296 



20940 

Iron 

37828 

49651 



17753 

Copper . 

21885 

29524 



9133 

Lead 

27675 

44730 

32802 

23208 

9556 

Silver 

G113 

34800 

25618 

18651 

5524 


Taking the heat developed in the formation of any given compound as a measure of 
the energy of the affinity of its constituents, a certain definiteness and precision of 
meaning are given to such terms as strong and weak, active and inert, which are 
often used in reference to chemical reagents in rather a vague sense; and on comparing 
the numbers representing the heats of formation of various compounds, they will bo 
found to bear out in a general way the manner in which such terms are commonly 
applied. The results recorded in tho above table, for instance, servo to explain cer- 
tain facts which have often been quoted as anomalous and opposed to tho commonly 
received idea that the affinities of chlorine are stronger than those of bromino or 
iodine, and the affinities of bromino stronger than those of iodine. The facts referred 
to are such as these : the observation of Fehling that in tho fractional, precipitation 
of a solution containing both chlorides and bromides with nitrate of silver, the whole 
of the bromine is contained in the first portions of tho precipitate ; the similar obser- 
vation of Field (Chem. Soc. Qu. J. x. 234), and the decomposition of chloride of 
silver when brought in contact with an aqueous solution of bromide or iodide of 
potassium, described by the same chemist ; and particularly the violent decomposition 
of chloride of silver, attended with evolution of heat, which takes place, as observed 
by Devi lie (Ann. Ch. Pharm. ci. 198), when aqueous liydriodic acid is poured upon it. 

The precipitation of bromide or iodide of silver, to the exclusion of tho chloride, in 
cases of fractional precipitation with nitrate of silver, and the conversion of chloride 
of silver into bromide or iodide by contact with an aqueous solution of iodide of 
potassium, may be considered a a essentially the same phenomenon. When tho latter 
transformation is expressed by an equation, the substances whoso formulae appear in 
the left-hand member of tho equation are those which suffer decomposition ; while 
those which are formed appear on the right-hand side ; and on comparing the calori- 
metric values of the several terms, making due allowance for their state of solution or 
otherwise, we find that the sum of the calorimetric values on the left-hand side of the 
equation is less than the sum of the calorimetric values of the substances on the right- 
“and ; thus indicating that, although the conversion of chloride of silver into bromide 
V* iodide by simple substitution would be attended with absorption of heat, the com- 
bined effect of all the actions which take place in the experiments under consideration 
w to cause an evolution of heat. 

, * number* represent the formation of aqueous solution* of potash and soda : all the rest refer 
10 ‘“hydrous compounds. 
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•Thus we have A _ __ 

AgCl + KBr 

Calorimetric values 34800 85678 


AgBr + KCl 
25618 97091 


Sunn: 120478 122709 

therefore: heat evolved in the reaction - 122709 - 120478 = 2231 gramme-degree^ 
AgCl + KI - Agl + KCl 

Calorimetric values 3 4800 72479 1 8661 97091^ 

Sums: 107279 115742 

therefore: heat evolved in the reaction - 115742 - 107279 = 8463 gramme-degree*. 
Similarly, for the reaction of aqueous hydriodic acid on chloride of silver, we nave . 

AgCl + HI - Agl + HC1 

Calorimetric values 34800 16004 18651 40192 


therefore: heat evolved in the reaction = 58843 - 49804 « 9039 gramme-degrees. 

The heat evolved in a considerable number of processes of oxidation has been in- 
directly determined by Favre (J. Fharm. Chim. [3] xxiv. 241, 311, 412; Jahresber. 
1863, pp. 22 ft scq . ), for the most part by effecting the oxidations in presence of water 
in the mercurial calorimeter, by means of hypochlorous acid, whose heat of formation, 
calculated for one equivalent of chlorine, he found by preliminary experiments to be 
— 7370 units. . . ■ . 

For the details of this investigation we must refer to the original pap era ; the most 
important results obtained are as follows, calculated always for one equivalent of the 
clement operated upon. 


Yellow phosphorus 
"Red phosphorus 
Yellow phosphoruB 


Phosphorus . 

Arsenic 

Nitrogen 

Nitric oxide . 

Nitrous acid . 

Sulphurous acid . 

Sulphur (portion of 
flowers of sulphur in- 
soluble in sulphide of 
carbon) . 

Plastic sulphur 

Sulphur (precipitated 
from hyposulphite of 
sodium) . 

Sulphur 

Sulphur 

Selenium • 

«* * • * 

Oxalic acid . 

Carbon . . 


Aqueous phosphoric acid . 

Phosphoric anhydride 
Phosphorous acid 
Hypophosphorous acid 
Arsenic acid 

Solid opaque arsenious acid 
Dissolved opaque arsenious j 
acid . . . 

Pentachlorido . 

Trichloride 
Trichloride 
Nitrous oxide . 

Nitric acid . 

11 M f • ■ 1 

Sulphuric acid . 


Sulphurous acid (Favre ) 
and Silbermann) . . j 

Hyposulphurous acid 
Selenious acid 
Selenic acid 
Carbonic anhydride . 
Carbonic oxide (Favre and) 
Silbermann) . . f 

Oxalic anhydride 
Carbonic anhydride (Favre) 
and Silbermann) . J 

Chloric anhydride • 


*3’32 v 1*71 
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It is obvious that } even supposing the principle upon which these indirect deter* 
m illations are made to be quite correct, and all the interfering circumstances to have 
been taken into account, the results arrived at cannot be of the same degree of accuracy 
as those obtained by more direct methods : for the total uncertainty attaching to ail 
the independent data from which they are deduced will be accumulated upon them. 
Moreover, although a comparison of the heat of chemical action, as determined directly, 
with that deduced indirectly, generally shows, in the simple cases in which it is possible 
to institute such a comparison, a degree of agreement which may be taken as a con- 
firmation of the correctness of the principles whereby the calculated result is arrived 
at, and as proving that, at least in these cases, no moaif}dng circumstance of any groat 
importance has been overlooked in the calculation, still it cannot be considered as proved 
by existing experiments that the cold of decomposition is always equal to tho heat of 
combination. On the other hand, it seems probable, on general grounds, that the 
calorimetric effect of a given chemical process is not an absolutely constant quantity, 
but that it is to some extent dependent on accompanying physical conditions. In 
particular, it seems likely that it must vary more or less with the temperaturo at which 
the chemical action takes place, and therefore — to take a particular example-— that tho 
heat evolved by the combination of mercury with oxygen, at a comparatively low tem- 
perature, is not equal to the heat absorbed by tho decomposition of oxide of mercury at 
a higher temperature. The equality of these two quantities of heat would involve ulso 
the equality of the specific heat of oxide of mercury with the sum of the specific heats 
of its elements; otherwise, tho quantity of heat needed to raise the temperature of a 
given quantity of mercury and oxygen from the ordinary temperaturo to a temperaturo 
ul>ove that at which oxide of mercury is decomposed, would be different, if the two 
substances remained uncombined during tho process, from what it would be if they 
first entered into combination and afterwards separated again ; and since the final con- 
dition of the mercury and oxygen w'ould bo tho same in each case, tho difference 
between the quantities of heat would have disappeared without producing any upparent 
effect. In the particular case that has been taken as an example, it is possible that 
the specific heats of the elementary bodies are together equal to tho specific heat of the 
compound, or that the difference may bo compensated by tho difference in the latent 
heats of vaporisation of oxygen at the temperature of combination and at that of de- 
composition. But, although this may bo the case, experimental proof that it is so is 
still wanting; and even if it were afforded here, or for any other particular substance, 
there would still not be sufficient warrant for assuming as a generally established fact 
that the cold of decomposition is equal to the heat of combination, independently of tho 
conditions under which these processes respectively occur. In connection with these 
considerations, it is perhaps W'orth while to draw attention to the fact that tho heat of 
combustion of hydrogen, deduced by Joule from the electrolysis of water at the ordinary 
temperature, is decidedly less than that found by other experimenters who determined 
directly the heat of combustion at a high temperature (see p. 114). These experiments 
are perhaps not sufficiently comparable in other respects to justify us in attaching 
much importance to this result ; but, taking it as it stands, it is in harmony with tho 
fa t that the specific heat of water-vapour is less than the sum of the specific heats of 
its constituents. 

The laws by which Thomsen considers that the development of heat in chemical 
action is governed, appear to involve views similar to those above explained. Tho 
fundamental propositions assumed by him are as follows : — The intensity of tho 
chemical energy of tho same body at a constant temperature is unchangeable ; tho 
w'hole quantity of heat developed in a given chemical action is a measure of the chemical 
energy therein exerted, and is proportional to the difference between the total chemical 
energy of the reagents and the total chemical energy of tho products. 

lL at produced by Chemical Dt composition . — There uro a few phenomena which are, 
at least apparently, exceptions to the general rule that heat is evolved in combination 
and absorbed in decomposition. It was found, for instance, by Favrc and Silbermann, 
that charcoal evolves more heat by burning in nitrons oxide than by burning in pure 
oxygen. The excess of heat in this case could only be due to heat evolved in the 
decomposition of the nitrous oxide, and direct experiments proved that this decompo- 
sition was attended with evolution of heat. They found further that heat is produced 

t J le decomposition of peroxide of hydrogen by platinum, and from the experiments 
of bavre, already recorded, it appears that heat is absorbed in the oxidation of chlorine 
to hypochlorous or to chloric acid. Perhaps these and similar phenomena may be 
brought into harmony with the general rule, by taking into consideration the evolution 
of heat due to the combination of two similar atoms to form a molecule, and the 
corresponding absorption of heat due to the separation of the atoms constituting a 
^ an elementar y body. 

The influence of high temperature in promoting chemical action— aa, for instance 
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between oxygen and hydrogen, which combine when heated, but are without action on 
each other in the cold — is not an exception of the kind here referred to. It is rather a 
thermometric than a calorimetric phenomenon ; high temperature being a favourable 
condition for chemical action in these cases, but in no way its cause. At very low 
temperatures chemical action appears in all cases to be much retarded : as one illus- 
tration, it may be mentioned that when liquefied ammonia, cooled to about — 66°, is 
poured upon concentrated sulphuric acid, the two liquids form separate layers, and for 
some time no action takes place between them (Loir and Drion). Phosphorus and 
iodine, which combine energetically and with vivid combustion at common temperatures, 
may be shaken together in a tube cooled by a freezing mixture, without exerting the 
slightest action on each other. 

5. Relations of Heat to Electricity . 

Electricity produced by Heat. — Pyro-electricity developed in Crystals.— To what 
has been already said on this subject in tho article Electricity (ii. 411 ) we have only 
to add the results arrived at by G-augain (Ann. Ch. Phys. [3] lvii. 6) in reference to 
.the pyro-elcctricity of tourmalines. He finds that, this phenomenon obeys the following 
laws : — (1.) When any number of tourmalines are united by their poles of the same 
name, they form a battery which produces, under any given circumstances, a quantity 
of electricity exactly equal to the sum of tho quantities which the several -tourmalines 
would produce separately under the same circumstances. 

(2.) When several prisms of equal section are superposed, the quantity of electricity 
developed by the combination is merely equal to that which would be furnished, under 
the same conditions, by any one of tho prisms taken separately. 

(3.) Tho quantity of electricity produced by a prism of tourmaline is proportional to 
its sectional area, and is independent of its lengtn. 

(4.) The quantity of electricity which a tourmaline dcvelopes when its temperature 
is lowered a given number of degrees, is independent of tho length of time in which 
tho cooling is effected. 

(5.) When a tourmalino is heated a given number of degrees, tho quantity of elec- 
tricity developed is precisely the same as that which would be produced if it were 
cooled to an equal extent. 

Gaugain finds that the development of electricity, consequent on the alteration of 
tho temperature of a tourmaline, is very much more marked if one pole of the ciystal 
is placed in electric communication with the earth, than when the crystal is completely 
insulated. 

'Thermo-Electricity . — When two bars of dissimilar metals are soldered together at 
each end, a current of electricity generally circulates through the circuit formed by 
them, as long as the two soldoring points are at different temperatures. The electro- 
motive force developed at each joint is a function of the tomperaturo, which, in 
tho cases that have been specially examined, may be represented by the formula 
E = a + bt + where t is the temperature, and a , 6, and c are constants depending on 
t he naturo of the metals used. Consequently, the resultant electromotivo force, when 
tlie temperatures of the joints aro t and t respectively, may be represented by 

* - E-E= + + 

which shows that the current vanishes not, only when the joints are at the same tem- 
perature, or when t =* but also when tho sum of their temperatures attains a value 

that is constant for the same pair of metals, — that is when t + t t — = (Avon ar ius, 
Pogg. Ann. cxix. 406, 637.) £j.- 

produced by Electricity. — The laws regulating the devJSpment of heat 
i sudden discharge of frictional electricity, or electricity of high tension, have 
already been treated of in tho article Electricity (ii. 395), and in the same article 
(p. 470) it has been shown that tho heat produced by a continuous current of electricity 
is the exact equivalent of the chemical action whereby the .current is generated. In 
the application of this rule, the total chemical action throughout the circuit must be 
taken into account, electrolytic decomposition being counted positive or negative accord- 
ing as the direction of tho current which would be generated by it, were it to take 
place independently of the battery, is the same as that of thp battery or the contrary. 

As furthftr explained in tho article referred to, the heat developed in the unit of time by 
an electric current is relatod to the intensity of the curreut and to the resistance of 
ins circuit in the manner expressed by the formula : 

PR. 
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From this it ■follows that, by diminishing the resistance of the circuit, the electro-motive 
force remaining the same, the total heat, H, can be augmented indefinitely, the inten- 
sity, and therefore also the chemical action in the battery, increasing in proportion 
to the diminution of resistance. But in any single portion of the circuit, whose resist- 
ance is r, the development of heat will attain a maximum for a particular value of r, 

L>j 

The heat produced in this part will in fact be h =» /-> = — the value of 

which last expression reaches a maximum when = R being the constant resistance 
of the remainder of the circuit, including the buttery. II unco, in order that as large a 
quantity of heat as possible may bo generated in a given time in the conducting wire, 
tho resistance r of tho conducting wire must be made equal to the permanent 
resistance R of tho remainder of the circuit. And, since the heating power of 
the current represents its total ouergy, it follows that tho same proportion between 
the external and internal resistance of the circuit is tho most advantageous that can 
be adopted for causing the current to produce clumges of any other kind outside tho 


battery. 

Thermal phenomena of a particular kind occur when an electric current, instoad of 
traversing a homogeneous conductor, passes from one substance to another. Thon, in 
addition to the development of heat corresponding to the resistance of the conductor, 
according to the laws stated in the last paragraph, a further development or absorption 
of heat takos place, depending upon the direction of the current. If tho curront crosses 
the point of junction of two dissimilar portions of the circuit, in tho same direction us 
tho thermo-electric current which would be gonerated by the application of heat to this 
point, then the heat developed there is less than corresponds to tho resistance of that 
portion of tho circuit, or, in other words, heat is absorbed; if the current passes the 
point of junction in tho opposite direction, the heat generated is moro than what cor- 
responds to the resistance. 

With a junction formed of the same two metals, the development or absorption of 
heat thus occasioned is proportional to the intensity of tho current by which the junc- 
tion is traversed. With combinations of different metals, tho extent to which this 
phenomenon occurs varies with the positions of the motels in tho thermo-eloetric 
eorios (ii. 412), being greatest for those combinations which give the most intonse 
thermo-electric currents. 


6. Relations of Heat to Mechanical Energy . 

In proccding parts of this article, wo have seen that incroaso of volumo and of olastic 
force are among the most universal of the effects of heat. In this way heat is constantly 
producing motion, and when this motion is concentrated in a given solid body, and a 
definite direction is given to it, as in the steam-engine, heat becomes by far the most 
important artificial source of mechanical power thnt wo possess. Conversely, innumer- 
able familiar facts supply us with illustrations of the production of heat at the expense 
of mechanical work. Thus, in all machines there is a certain loss of mechanical 
energy, tho work performed by tho machine never representing tho full equivalent ot 
the work needed to drive it. That portion of the mechanical energy supplied to tho 
machine which is wasted, so far as tho performance of useful work is concerned, is 
expended in overcoming the passive resistances by which tho motion of tho machine is 
opposed; such, for instance, as friction between contiguous surfaces not moving with 
the same velocity, or tho rigidity of straps or cords used to transmit movement from 
one part to another. But, whenovor motion is produced in opposition to friction, or a 
rigid body is forcibly bent, heat is generated ; tho mechanical energy expended in pro- 
ducing these effects is lost to the purposes of tho machino, but the heat evolved is its 
representative. Percussion is another means by which mechanical energy can be de- 
stroyed and heat generated in its stead. These and similar facts have long attracted 
the attention of philosophers, and great importance has been attached to them in re- 
ference to most of the theories that have been suggested from time to time to explain 
the nature of heat and the effects which it produces. The following is a quotation 
from Brack’s Lectures on Chemistry (vol. i. pjp. 31, 32), and relates to Bacon's 
investigations into the nfiture of heat contained in his treatise De forint Calidi: - 

“ The only conclusion, however, that he ” (Lord Verulam) “ is able to draw from tho 
whole of his facts, is a very general one, viz. that heat is motion. 

“This conclusion is founded chiefly on the consideration of several means by which 
heat is produced, or made to appear, in bodies ; as the percussion of iron, tjge friction 
of solid bodies, the collision of flint and steel. 

“The first of these examples is a practice to which blacksmiths have sometimes 
bourse for kindling a fire ; they take a rod of soft iron, half an inch or less in thick- 
ness, and, laying the end of it upon their anvil, they turn and strike that end very 
quickly on ite different sides, with smart blows of a hammer. It very soon becomes 
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red hot, and can be employed to kindle sharings or wood, or other very combustible 
mutter. 

11 The heat producible by the strong friction of solid bodies, occurs often m some 
parts of heavy machinery, when proper care is not taken to diminish that friction as 
much as possible, by the interposition of lubricating substances ; as in the axles of 
wheels that are heavy themselves, or heavily loaded. Thick forests are said to hare 
taken fire sometimes, by the friction of branches against one another in stormy weather. 
And savages, in different parts of the world, have recourse to the friction of pieces of 
wood for kindling their fires. .... 

“ The third exanqdo above adduced in the collision of flint and steel, is universally 
known. 

“ Iu all these examples, heat is produced or made to appear suddenly, in bodies 
which have not received it in the usual way of communication from others, and the only 
cause of its production ip a mechanical force or impulse, or mechanical violence/’ 

From these and many other similar phenomena, it is abundantly clear that, by the 
expenditure of heat, mechanical work can be effected, and that heat can be produced by 
the expenditure of work. Dismissing, therefore, for the present, all considerations as 
to the ultimate nature of heat, we may say that heat and work are mutually convertible, 
and we have in this section to consider the conditions which regulate the transformation 
of ono of theso forms of energy into the other. 

Work produced toy Heat. — The measure of the work done by heat, when it 
causes expansion, is obviously the product of the resistance overcome into the space 
through which the expansion takes place; that is, if r denote the resistance, and v and v ' 
the initial und final volumes of the body which undergoes expansion, the work done by 
the heat will be represented by 

A =» r(v* — c). 

Iu estimating the resistance by whicli the expansion of a given body is opposed, it is 
needful to take into account, not only the external pressure upon its surface, but also, 
as has been already pointed out (pp. 40 und 73), the molecular forces which tend to 
maintain unaltered the relative positions of its ultimate particles. The work, A , per- 
formed by heat when it causes expansion, must therefore bo considered as made up of 
the internal work, a h performed in opposition to internal molecular forces, and the 
vxtirnul work , n v , expended in overcoming external pressure. In solid and liquid 

bodies the ratio, of the internal to the external work is very considerable, but in a 

perfect gas, tho resistance to expansion arising from the mutual attractions of the 
molecules is insensible, and therefore also the expenditure of work iu overcoming this 

resistance is insensible : hence, in this case — = 0, or a a *= A . But since it is the 

external work only which is available for the production of external effects, the con- 
sideration of the transformation of heat into mechanical energy is much simpler in tho 
case of gases than in that of liquid or solid bodies ; it is further much tho most 
important practically, for although the heat employed in the performance of internal 
work upon solids or liquids is not necessarily lost ultimately, it is, for the time at 
least, totally unavailable. We may perhaps compare the transformation of heat into 
work with the commercial transformation of labour into wealth : then, a perfect gas 
will represent a medium of transformation comparable with an industrial process which 
requires no previous expenditure on the part of the workman to enable him to exchange 
his labour for wages ; while a solid or liquid will represent a medium of transformation 
comparable with a process which can only bo carried out by the previoiik investment 
of a considerable capital. Tho capital thus “ sunk” may be realis^f again at some 
future time, but it represents a certain quantity of labour, which, foMtie time being, 
cannot be transformed into wealth. 

In order that work may be continuously performed by heat, it is not enough that a 
portion of air or other gas should be expanded once for all in a cylinder closed by a 
piston, or in any other similar apparatus. It is true that motion would be thus pro- 
duced, and that this might be the full equivalent of the heat expended, but tlffe process 
would soon come to an end. Practically, the extent to which a gas can be expanded 
so us to produce motion, is very limited, both by the size of the apparatus that can be 
used, ana by the temperatures that are attainable. In order that the process may be 
continuous, the action of the machine, by means of which the transformation is effected, 
must be periodic: after a certain cycle of changes, all its parts must return to the same 
relative positions and condition as they had at first, and the air or gas must return to 
its original pressure and temperature. Such a cycle might evidently be repeated inde- 
finitely, and if any transformation of heat into work were effected by it, the same 
kinount of transformation would take place each time the cycle was completed. At 
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p»g« 60 and 61, we saw that in the passage of a gas through a succession of condi- 
tions, with respect to temperature, pressure, and volume, which can be represented 
graphically by a rectangle, and are such that the 
final state of the gas is the same as its state at the *>47. 

beginning of the process, a certain quantity of heat is 
expended* which is proportional in amount to the 
area of the rectangle representing the succession of 
changes; but it was not there explained what be- 
comes of the heat thus expended. 

.Returning to the consideration of this case, and 
using the same notation as before, it is plain that, 
during the passage of the gas from the state A to the 
state B, through the intermediate stages represented 
by the lines AI), Dll, a quantity of work is performed, 
which is represented, iu kilogramme-metres, by 

A ~p(v - v)\ 

and that while the gas returns from the condition B 
to the condition A, along BCA, there is expended a 
quantity of work represented by 

A " = p(v — v ) ; 

aud, therefore, during the whole cycle ADBCA, a quantity of work is ultimately gained 
equal to 

A - A’ « O' - p) (v - v). 

13 ut, by the last equation on page 51, the amount of heat expended at the same time is 

Q- (p'-p) ( v '- v ); 



therefore, between the heat expended and the work produced, there exists a relation 
expressed by the equation 

Q - Q — <- A ~ A "> • • • • <»)• 

If we assume that the difference between the specific heat under constant pressure and 
the specific heat at constant volume is constant fur each gas, and is inversely propor- 
tional to its density (a relation which is implied in equation {a), p. 42), the coeffi- 
cient of (A — A’) in this expression is constant ; we may therefore represcut it by -j£ 
and write equation (n) thus : 

Q - Q‘= ~ (A - A") or E(Q-Q')-A-A\ 


That is to say, the heat expended is proportional to the work performed, and viccvcrsd ; 
so that for each kilogramme-degree of heat expended, a quantity of work is performed 
equal to E kilogramme-metres. 

The valuo of E can be deduced from equation (?i) by introducing the numerical 
values of the constants, namely : 

II - 10,333 kilogr., a =* 0 003665, D - 1293 kilogr. 
c- 0-2374, and c - 0168 (p. 42). 

These values give us : 

E = 423; 

that is to say, when heat is transformed into work, every kilogramme-degree of heat 
(1000 of the heat-units hitherto employed in this article) consumed generates 423 
kilogramme-metres of work ; or, more generally, the heat needed to raise the tempera- 
ture of ^any given weight of water from 0° to 1° C., is equivalent to the amount of 
mechanical energy required to raise 423 times the lame weight of water through one 
metre from the surface of the earth. 

Ihe ratio E is therefore called the mechanical equivalent of the unit of beat, 
reciprocal is, as we shall see, the thermal equivalent of the unit of work. 

That the relation between the heat expended and the work generated is necessarily 
constant, whatever the process may be by which one is transformed into the other, 
results from the following considerations. If by one process a unit of heat could be 
jmide to perform E units of work, and by another process E + e units of work could 
. ^Derated by the same quantity of heat, a‘ portion of the mechanical energy produced 
m second process might be expended in reversing the first, so as to regenerate the 
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original quantity of heat : thus bj combining the two processes, the firat being worked 
backwards, ‘each unit of heat expended would reproduce itself and e units of work in 
addition ; there would thus be generation of mechanical energy without any correspond- 
ing annihilation of any other form of energy. (The principle here implied, that a 
given quantity of work is capable of giving rise to as much heat as is needed for its 
own production, results from the above equation («), but it will be further considered 
in what follows.) 

Nevertheless, in consequence of the unavoidable defects of all experimental processes, 
the values of E doduciblo by different methods are not exactly equal, but the agree- 
ment between them is quite sufficient to establish the fundamental principle of the 
real constancy of the relation between heat and work. A table giving the results of 
the most important determinations of this ratio will be found further on under the 
head Heat produced by Work. 

Under all circumstances, the quantity of heat which must be employed in order to 
effect the transformation of a given amount of it into work considerably exceeds the 
quantity transformed. In the example above considered, the total quantity of heat 
imparted to the gas was Q ; but of the work, A , generated by this amount of heat 
during the passage of the gas from the state A to the state B, a certain portion, A\ 
was employed, during the return of the gas to its initial state, in regenerating the 
quantity of heat (/. The useful work performed was, therefore, A — A’, and the quan- 
tity of heat transformed was Q — Qf, and the ratio of this to the total heat employed, 

namely, represents the efficiency of the process of transformation, or the value 

HP 

of the engine in which it takes place as a source of mechanical energy. The maximum 
value which this fraction is capable of attaining, depends on the range of temperature 
passed through by the fluid which is the medium of transformation. This can be most 
easily demonstrated in a case where the changes of the volume of the gas take place at 
constant temperatures ; that is, where it is kept at one temperature during the whole 
process of expansion and at another during the whole process of contraction. 

These conditions are approximately realised practically in the air-engine invented 
by tho Rev. Robert Stirling, in 1816 . This engine consists essentially of two cylinders ; 
a larger one to w'hieh the heat is applied, which we may call, for distinction, tho heating 
cylinder, and a smaller one, which may be called tho working cylinder, wherein the 
tranformation of heat into work takes place. The bottom of the working cylinder is 
connected by a pipe without a valve with the top of the heating cylinder. Within the 
heating cylinder is a plunger, composed of non-conducting materials, which occupies 
nearly half its length, and between it and the sides of the cylinder are passages by 
which tho air can pass from one end to the other when the plunger is raised or lowered. 
In the working cylinder is a piston which fits it air-tight ; this piston and the plunger 
of the other cylinder aro both attached by connecting rods to cranks fixed to the same 
axle, but making an angle of ninety degrees with each other. The heating cylinder 
is closed at tlu* top, and the rod from which the plunger hangs passes through an 
air-tight stuffing box ; the working cylinder is open at the top. Heat is applied to the 
bottom of the heating cylinder, and the upper part is kept cool. 

The action of the engine is as follows : Suppose the plunger to be at the top of tho 
heating cylinder, and consequently, the piston in the working cylinder in the middle of 
its stroke ; then, if heat is applied to the bottom of the heating cylinder, the air con- 
tained there below the plunger will bo expanded, and will press the piston upwards ; 
but the motion of the piston being communicated through the axle to the plunger, the 
latter will descend, and displacing tho heated air from the bottom o£ the heating 
cylinder, drive it into the cool space at the top. Tho elastic force of the air being thus 
diminished, the piston will be forced down by the pressure of the a^japon its upper 
surface ; the plunger now returning to the top of the heating cylindcJEjghe air will bo 
driven to the bottom,whero it will be again heated, and the piston wiUoe again forced 
up by its expansion. Thus by the alternate heating and cooling of the same quantity 
of air, the motion of the engine is kept up. 

In consequence of tho manner in which the piston and plunger are respectively con- 
nected with the axle, each attains its maximum velocity while the other is at rest, so 
that the action of the engine during one revolution may be considered as essentially 
made up of four periods : in tho first, the temperature of the air is raised, its volume 
remaining the same, and consequently its pressure increasing ; in the second, the air 
expands, performing work, but so much heat is imparted to it during the expansion, 
that its temperature remains constant ; in the third period, the temperature of the air 
is reduced to what it was at the beginning of the first period, its volume being unaltered, 
and therefore its elastic force being diminished ; ana in the fourth, it is compressed to 
its original volume, the heat generated by the compression being withdrawn, so that 
the air remaius at the same temperature throughout the whole process. These four 
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successive operations, constituting together one cycle in the action of the engine, may be 
represented by a diagram such as fig. 548, where the abscissa 0 A represents the volume 
t> 0 , of a unit of weight of air at the ini- 
tial temperature t 0 , and the ordinate 
AM represents the corresponding 
pressure p 0 . The air is first heated, 
without change of volume, from the 
temperature t 0 to the temperature 
t t ; during this operation, its elastic 
force increases to p lt represented 
in the diagram by the ordinate A P; 
and to effect this change a quantity 
of heat equal to c (t x — t 0 ) must be 
imparted to it, c being the specific 
heat of air at a constant volume; 
but as no expansion takes place, no 
work is performed. Next, the air 
expands from the volume v 0 to the 
volume t'j, represented by the 
abscissa OB. Since the tempera- 
ture of the air is kept constant while it expands, the pressuro varies inversely as the 
volume, a relation represented by the hyperbolic arc P Q, so thut the final pressure of 
the expanded air is represented by the ordinate B Q. During this operation, external 
Work is performed, which is obviously proportional to the area A P Q. B, contained 
between the arc P Q, the axis of abscissae, and the two ordinates A P and B Q. But 
in order to prevent the cooling of the gas during its expansion, a quantity of heat, q, 
must, be given to it, of which the mechanical equivalent is exactly the external woric 
which this area represents. In the third operation, the air is cooled to its initial tem- 
perature t 0f its volume remaining unaltered, and therefore no work being generated or 
expended. The pressure is thus reduced from B Q to BN, and a quantity of heat 
requires to be withdrawn equal to c — f 0 ). Lastly, the air is compressed, while kept 
at the constant temperature, t 0 , to its original volume e 0 . To effect this, work must be 
expended and heat must be removed from the air. The relation between volumo and 
pressure being represented by the hyperbolic arc N M, the work needed for the com- 
pression of the air is represented by the area A M N B, and is precisely the mechanical 
equivalent of the quantity of heat, q\ which must be withdrawn from the air in order 
to maintain its temperature constant during the process. 

Accordingly, during the first two operations, the air receives a quantity of heat 
equal to c (t t — / 0 ) + q, and developes a quantity of external work geometrically 
represented by the surface APQB. In the two following operations the air loses a 
quantity of heat equal to c (t x - f Q ) + q\ and there is expended a quantity of work 
geometrically represented by the surface AMNB. The ultimate useful expenditure of 
heat is, therefore, q — q\ and the available quantity of work generated is represented 
by the area MPQN, or the difference between APQB and AMNB. The total ex- 
penditure of heat, during the complete cycle of operations, is q; the quantity q given 
out by the air during its compression at the temperature t 0 cannot in any way be 
made available for the maintenance of the action of the machine, and may therefore be 
considered as entirely lost. The quantity of heat <?(/, — 1 0 ), which the air gives 
out when cooled from the temperature t x to the temperature to* may, on the con- 
trary, bo employed to heat another quantity from t 0 to t lf and, therefore, does not 
make part of the ultimate expenditure. The reason why this portion of heat can be 
recovered, while the quantity q cannot, is, that it is heat of a higher temperature, 
whereas (j' } being heat of the temperature t Q1 is useless for heating any body to a 
temperature higher than t Q . The ratio of the useful expenditure of heat to the total 

expenditure is, therefore, 

Z 

The values of the quantities o and q can be found as follows : — representing the 
mechanical equivalent of heat by E, we have, as a consequence of the above discussion, 

Eq wm rurf APQB, and Eq' «= surf. AMNB, 
and consequently 


But PQ and MN, being each an arc of a rectangular hyperbola of which the lines of 
no volume and no pressure, OY and OX, are the asymptotes, it follows that the surface 


surf. APQB 
surface i 


surf. AMNB 
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AB - AM 
AP 


APQB is to the surface AMNB as AP to AM. Therefore, 

Pi - Vo But pi and p 0 axe the pressures exerted by the same mass of gas, 

Ler t £ same volume, at the two temperatures * and «. ; consequently, 

T^^ , a + tx (by equation b, p. 46), and- 

To ” ‘ J 


' a + t 0 
SL 


Pi - Po 


(a 4- tj) — ( a + jo) 


a + 1 1 


q ~ r 1 

t, and t 0 representing the absolute temperatures (see p. 52) corresponding to the 
centigrade temperatures t and *<.• . e which work is generated by the 

A similar “' 0 ® t, P at “ • the alternate expansion and contraction of a gas, would 

ET£E same ^x'presrion^r'lts maximum^ efficiency ; hence, in every air-engine 
whatever its mode of action, provided no heat is spent uselessly in causing changes of 
temoerature the ratio of the useful expenditure of heat to the total expenditure is 
cauS to the* difference of the absolute temperatures between which the engine works, 

The^ agreeniont'of thhf th^retieaFdeduction with the results of practical expenenee 

opposition to the older view, acc rding to which boat is regarded as an indestructible 
entity, and the production of mechanical energy by it, as depending upon its trans- 
ference from a hotter to a colder body. According to this latter theory, the efficiency 
of an air-engine ought to be much greater than that of a steam-engine,-— a conclusion 
which has not, however, hitherto been confirmed m practice. -Taking a special 
example, the quantity of heat transformed into work compared with the total heat 
supplied to a steam-engine, might be calculated upon this theory, as follows:— Let the 
engine be supposed to bo worked at a pressure of 5 atmospheres, and consequently at 
the temperature 162°. Each kilogramme of saturated steam supplied to the cylinder 
nt this temperature requires for its formation, according to Regnaults experiments 
(p. 97), GW kilogramme-degrees of heat, minn the heat contained m the water with 
which the boiler is fed. If we suppose the engine to be worked expansively down i to 
the pressure of the atmosphere, and that the steam re mains saturated during the 
expansion, it will escape into the atmosphere with the temperature 100 and when 
cooled again to the temperature t, of the water supplied to the boiler, each kilogrammo 
will give out 037 — i5 kilogramme-degrees of heat: under these conditions, therefore^ 
the steam only loses, during its expansion in the engine, (6o.3 - t)-{ b-, 1 7 - l ) ~ 10 
degrees of heat out of the whole quantity contained m it. If t, the 

of the water, be 10°, for example, 613 kilogramme-degrees of heat will have been 
required to generate each kilogrammo of steam, and the traction r47? , or not qui 0 <4O , 
will represent the proportion of the total heat which has been converted into mccbamcal 
energy. The value of this fraction may bo increased somewhat by adding a condenser 
to the engine, so as to obtain a greater range of expansion. If, for example the 
temperature of the condenser is 40°, and the steam expands in the cylinder until its 
tension is the same as that in the condenser, or 55 millimetres, cor nditions which are 
never quite attained in practice, the quantity of heat given up to tho condeneer by 
each kilogramme of steam will be 619 -40 = 6.9 kilogramnio.degre^ and if the 
boiler is fed with the condensed water at the temperature 40°, the formation of this 
quantity of steam will have required 663 - 40 - 613 kilogramme-d^ees In this 
case, therefore, 613 - 679 = 34 parts of heat will be converted work out of 
every 613 parts imparted to tho boiler: accordingly^, or very neai^^g, will be tne 

fraction representing the efficiency of the engine. . . . , 

This calculation (borrowed from Regnault, M6m. Acad. Sciences, xxn. intiTW- 
pp. v. viA it will be observed, supposes that all the heat which is not regained in the 
condenser, or contained in the steam which escapes into the atmosphere, has been 
converted into work: nevertheless, the efficiency of the engine comes out much, below 
what is actually attained in practice. By careful experiments on large engines, of 
upwards of 100 horse-power, in which the loss of heat by radiation and conduction, or 
by other accidental causes, was estimated and allowed for, as accurately as possible. 
Him found that the difference between the quantity of heat supplied to the boiler, and 
that absorbed by the condenser, amounted to between ^and on an average to about 
i of the former quantity. Practically, therefore, the steam engine is between twice 
and three times as efficient a machine as would appear from the above calculation. 

The key to this contradiction between theory and practice, lies m a false assumption 
that has been made in the calculation. It was assumed that, when saturated steam 
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mmw If in Am cylinder of a steam-engine, it remains in the state of saturated steam, 
and the heat contained in it was estimated, in accordance with this supposition, from 
B eg nanlt *s determinations of the total heat of saturated steam at various tempo* 
ratures. In feet, however, saturated steam, if it performs external work while expand- 
ing, suffers partial condensation at the same time, and the latent heat of vaporisation 
of the steam which condenses becomes available for the production of work in the 
cylinder. It is not therefore saturated steam which escapes from the cylinder of an 
engine working under the conditions we have supposed, but a mixture of steam and 
water, containing a quantity of heat, less than the total heat of vaporisation of an 
equal weight of saturated steam at the same temperature by the latent heat of va- 
porisation of the proportion of water present. The necessity of this condensation was 
deduced by Rankin e in 1849, and soon afterwards by Clausius, as a necessary con- 
sequence of the existence of the mechanical equivalent of heat, and shown to be the 
principal cause of the accumulation of water in upjaeketed steam-cylinders, which had 
long been known as a practical inconvenience in the working of steam expansively. 
The beneficial effect of employing superheated steam, and of enclosing the cylinder m 
a steam-jacket, is that the steam can then expand, performing external work, without 
undergoing liquefaction. The condensation of aqueous vapour, when it does work on 
expanding, is distinctly seen in the formation of a mist unde* an air-pump receiver, 
containing moist air, when the piston of the pump is raised. 

The fact that a considerable part of the heat supplied to a steam-boiler is consumed 
in converting the water iuto steam, is not therefore a reason why an air-engine, in 
which no portion of heat is similarly expended in causing a change of state, should be 
more efficient than a steam-engine; and the investigation of the conditions under which 
work is generated in the steam-engine leads to the general result, that the efficiency of 
any heat-engine is independent of the nature of the fluid which is the medium of 
transformation of heat into work, and which may bo air, steam, or any other vapour or 
gas; but that, supposing the reception of heat to take place wholly at one temperature, 
and the rejection of heat wholly at another, the heat transformed into mechanical 
energy, is to the whole heat received by the fluid, as the range of temperature is to the 
absolute temperature at which heat is received, and that, between given limits of tem- 
perature, the maximum efficiency is attained when the reception and rejection of heat take 
place, in the manner just stated, at the highest and lowest temperatures respectively. 

The most conclusive confirmation of this result is that when it is applied to the 
calculation of the mechanical equivalent of heat from Ilirn’s experiments on largo 
steam-engines ulready referred to, the mean numberfound is 413, which differs by only 2^ 
per cent, from that deduced at the beginning of this section from the thermodynamic 
properties of air. 

Heat produced by Work. — In the introduction to this article (p. 16), it is 
pointed out as a general fact that heat may bo generated by reversing any of its effects. 
A process by which heat is made to generate work may, therefore, by reversal, become 
a process for the conversion of work into heat. But, as mentioned at the place quoted, 
mechanical energy may be transformed into heat by non-reversible processes, such as 
its expenditure in friction or percussion. There are also indirect methods of transforming 
work into heat which cannot bo reversed, step by step ; for instance, mechanical energy, 
used to give motion to a magneto-electric machine, can be caused to generate electricity, 
and this electricity, if not expended in effecting chemical changes or in reproducing me- 
chanical energy, takes the form of heat in traversing the conducting wire, although by 
applying heat to the homogeneous conductor, electricity could not be regenerated. This, 
therefore, is an indirect, non-reversible, process of transformation. But it is found that 
whether the process by which mechanical energy, or work, is converted into heat is 
direct or indirect, reversible or non-reversible, the quantity of heat generated by ft 
given quantity of mechanical energy expended is, w'ithin the limits of experimental 
error, always the same, and, within similar limits, the same as the quantity of heat re- 
quired to regenerate the original quantity of mechanical energy. 

The simplest mode of transforming work into heat, is perhaps the compression of a 
gaa, by which means, as in the familiar experiment of the fire-syringe, a temperature 
sufficiently high to inflame easily combustible substances can be produced without 
difficulty. The generation of heat in this manner can be made a continuous process, by 
alternately compresssing the gas at a high temperature and allowing it to expand at A 
low temperature. The reversal of the four operations represented by the diagram, jig . 
547, p. 121, would constitute such a process, and by the application of reasoning such 
as that previously employed in the consideration of this case, it is evident that the 
^ork which it would be necessary to expend, in order to effect this reversal, would be 
irpqpaentftd by At — A', and that the heat generated thereby would be 

Q- <?- 2 (A- A-), 

being as before, the mechanical equivalent of heat. 
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The expenditure of mechanical energy in compressing liquid and eolid topee il DM * 
attended with the production of heat. According to Thomson, the 'of 

compression may be expressed by the formula : 



where 8 is the effect in question, r the absolute temperature, a the coeffici^\^jimiN^ 
sion by heat, p the pressure, E the mechanical equivalent of heat, and $ the specific 
heat of the substance. This formula has been verified by Joule (Proc. Roy. Soc. i*,. 
496) by experiments on water and upon oil, the temperatures varying in the first fliffr; 
between 1*2° C. and 40*4°, and the pressures between 15 64 and 25*34 atinosphenal^ 
m the experiments on oil the temperature was always about 17° and the pressures wkv 
varied from 7*92 atmospheres to 25‘34. In the experiments on water at 1 
caused a lowering of temperature instead of a rise, as in the other experiments^*-^* 
result which agrees with the fact that water contracts by heat at this temperature. 
Similarly, when weights aro laid upon metallic pillars, heat is evolved, and is absorbed 
when they are removed, the quantity evolved or absorbed increasing with the weights 
employed (Joule, ibid. viii. 564). Conversely, the stretching of metallic wires Smses 
heat to disappear. Joule found (ibid. viii. 355) that an iron wire, f inch in diameter 
was cooled | degree C. when stretched by a weight of 775 lb. Similar results v^ere 
obtained with cast iron, hard steel, copper, and lead. The thermal effects were in all 
cases found to be almost identical with those deduced from Professor Thomson’s 
theoretical investigation, the particular formula applicable to the case in question being 

Q « where Q is the heat absorbed in a wire one foot long, and the other symbols 

have the same significations as above. Vulcanised india-rubber, which, when stretched, 
contracts by heat (p. 73), became hotter when the stretching weight was applied, and 
colder when it was removed. Similar results have been obtained by Edlund, (Ann. 
Ch. Phys. [3] lxiv. 245), whoso experiments lead to the following general conclusions: — 

1. When a metal is stretched, without exceeding its limits of elasticity, a cooling 
effect is produced proportional to the mechanical force employed to stretch it. 

2. If the metal afterwards return to the original volume, performing in so doing a 
quantity of external work equal to that expended in stretching it, it is heated to the same 
extout ag that by which it was previously cdoled, and consequently proportional to the 
mechanical force- by which the metal was kept in the stretched state before contracting. 

3. If on the other hand, the metal resumes its original bulk without performing 
external work, it is more strongly heated than in the previous case, and the difference ’ 
between the two heating effects is proportional to the external work performed, in the 
one ease, by the metal during its contraction. 

4. From these threo principles, it follows that when a metal passes from the volume 
Vo to the volume V lt without exceeding the limits oi perfect elasticity, the accompany- 
ing calorific effect does not depend solely upon the initial and final volumes, but also 
upon the manner in which the entire change takes place. 

Experimental Determination of the Mechanical Equivalent of Heat.— I t is 
obvious that any of the processes whereby work is transformed into heat, or heat into 
work, may serve for the determination of the numerical ratio existing between 
of work and the unit of heat, provided the process is such as to admit of the.tticnEM 
measurement of the work or heat expended and of the heat or work product?' tHl 
earliest attempt to ascertain the value of this ratio appears to have been mad&J|ii 
Count Rumford. His experiments described in his essay, entitled jiff Erverimcftmffi 
Inquiry concerning the Source of the Heat which is excited by Fricrto« (read%ef<wo fhtfl 
Royal Society, January 25, 1798, and published in the Phil. Translfijso in “ Etaiy&J 
Political, Economical , and Philosophical , by Benjamin Count of RuMBd,’ 1 3 vols. 8vtp? 
Iiond. 1798-1802, vol. ii. p. 469), were made by pressing a blunt steel borer against that-? 
bottom of a cavity made in a brass cylinder which was eaused to revolve, while ftti'J 
borer was kept stationary. Considering the state of opinion at the time as to jhe a|fcf r :: 
table nature of heat, these experiments, and especially the conclusions drawn n3|f 
them by their author, are very remarkable, but it is only of late years that they him$ 
attracted the attention which they deserve. In the most complete experiment, tfer * 
brass cylinder was placed inside a wooden box containing 18*77 lb. avoirdupois j£ ; 
water; the temperature of the water at the beginning of the experiment was 66° W4 
and was found to rise continuously when the cylinder was set in motion, until 
end of 24 hours the water boiled. Rumford states the results of this expenjorn’t^:^ 
tabular form, taking account of the weights and specific heats of the brass rfKndflr llift : i 
steel borer, and gives the total quantity of heat produced, exclusive of 
accumulated in the wooden box, and of that which was lost by radiation, 
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tfjrfceteperature of 26‘58 lb. of water 180 degrees Fahrenheit, or from the 
boiling point; he then quotes experiments by Crawford and by him- ’ 
Whh& hifc concludes 44 that the quantity of heat produced equably, or in a 
may use that expression), by the friction of the blunt steel 
IheJ^s^om of the hollow metallic cylinder, in the experiment under con- 
i greater than that produced equably in the combustion of nine wax 
rof an inch in diameter, all burning together, or at the same time, with 
mes” 

pteagraphs which follow this are especially remarkable, as they show that 

Bhmford distinctly saw the source of this heat in the mechanical energy which was 
oxnended during its production : — 

the machinery used in this experiment could easily be carried round by the 
one horse (though, to render the work lighter, two horses were actually 
[ in doing it), these computations show further how large a quantity of heat 
mfgfiT. be produced, by proper mechanical contrivance, merely by the strength of a 
horse, without fire, light, conflbusfcion, or chemical decomposition ; and, in case of 
necessity, the heat thus produced might be used in cooking victuals. 

** But no circumstances can be imagined, in which this method of procuring heat 
would n&t be disadvantageous ; for more heat might be obtained by using tho fodder, 
necessaiy for the support of a horse, as fuel.” 

After bringing forward arguments and direct experiments to prove that tho evolution 
of heat cannot have been due to an alteration in the capacity for heat of tho particles 
of metal detached from the larger solid masses by the friction, and that it cannot have 
been furnished by the air, nor by the water, nor by the pieces of metal by which the 
cylinder and borer were supported, he says “ It appears to me to be extremely 
difficult, if not quite impossible, to form any distinct idea of anything ca [table of being 
excited and communicated, in the manner the heat was excited and communicated 
in these experiments, except it be motion.” 

According to Joule’s reduction of these results, they indicate that the heat required 
to raise the temperature of a pound of water one degree Fahr., is equivalent to tho 
mechanical energy represented by 1034 foot-pounds. This number differs considerably 
from that deduced from the more accurate experiments to be described below ; but the 
difference is of the kind that might have been anticipated, and, considering the manner 
in which Rumford’s experiments were made, it is not excessive. It will be seen that 
these were not of a kind to furnish accurate data for determining the quantitative 
relation between heat and work, and it even seems likely that the idea of instituting a 
comparison between these two quantities tirst occurred to Rum ford after the 
* Experiments were finished, his idea, during their performance, having been rather 
^qualitative than quantitative, and his primary object, as indicated in the title of ffis 
* paper, to ascertain the nature of the source of the heat developed by friction. But, 
although the numerical results of this investigation were not sufficiently definite to 
possess any great value, the investigation, as a whole, is of great importance as indi- 
cating a distinct stage in the development of ideas concerning tho nature of heat and 
its relations to other forms of energy ; and it is for this reason that we have devoted 
to it so comparatively largo a share of space. 

These ideas seem to have advanced but little beyond tin's point until about the 
year 1842, In that year J. II. Mayer introduced into science the expression “ mecha- 
nical ^quiyalen t of heat” (Ann. Ch. Pharm. xlii. 233 ; Phil. Mag. [4] xxiv. 371), and 
’ probably as much as by the calculation of the numerical value of thisequiva- 
ted upon the then inaccurately known ratio of tho two specific heats of air 
ibuted to promote the general adoption of tho view that heat and work are 
convertible. In the same year, C o hi i n g, of Copenhagen, communicated to 
Royal Society of Denmark experiments on the production of heat by friction, from 
he concluded that tho evolution of heat was proportional to the mechanical 
expended, and independent of the nature of the substances between which the 
friction took place. But it was Joule who was the first to publish experiment* 
1 pffiii|^were at the same time sufficiently varied and sufficiently accurate to attract the 
■JJQWal attention of scientific men, and to be accepted by them as definite proof that 
"W* transformation of mechanical energy into heat, or of heat into mechanical energy, 
tikes place in every case according to a constant numerical ratio. 

\< r first experiments, bearing directly uj>on the subject, were published in 1848 , 

{Fhil. Mag. [3] xxiii. 441). In this investigation he showed that the heat evolved by 
skwtnc current, furnished by a magneto-electric machiue, is proportional to tho 
*** Q**ffiK *^energy expended ; and that the work done by an eicctro-magnatic engine 
{f dqgp dfrom the work of chemical affinity in the battery, work which would otherwise 
form of heat. From these facts he drew the conclusion, “That the 
capable of increasing the temperature of a lb. of water by one degree 
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' , , .... eouai to, and may be converted into, a mechanical force 

ot Fahreo el f 0 the perpendicular height of o ne foo t.” In a mtygequent 

capable of™* 10 ??™ . 1 1 p ye j pi;j Meg 375 , 379), beehoved 

paper, read be fore the iRmlbo / fc fhe rare faction and condensation of air fajwo- 
that theAext absorbed and ewlv 7 d absorbe( j those operatSns, 

ional to the amount of mechanical ene^yevo^ rf th<3 eleetro-mannetio 


portional to the amount ot mecnanic^ eu^^...^^-- ^ rf ^ eleetro ;_ 
and obtained a nnmencal result ^° sel ^ 847 ^. xxrii . 205; and xxxi. 1. ., ... 
experiments jnet reforr^ to Jr S f “tion of water, sperm-oil, and mercury, and 

determined the heat ^ and 787-6, by experiments on these liquids respee- 

is equivalent to the Q 

required to raise the temperature of 1 lb. of water 1 Fahrenheit. 

Still more elaborate and careful experiments were made by Joule, in 1849 (FhU. 
ififio T> 61 • Chora Soe. Q,u. J. iii. 316), upon the friction of water, merfittry; 
Ld cast-iro’n 'by a method similar to that adopted in those last mentioned The 
iiau u , j for the exnenments upon water, consists 


Fig. 649. 


Fig. 550. 


anA oar t-iron bv a method similar to tnat *** — - ; 7~ , : 

“X ^ployed in this investigation, for the experiments upon water, consisted of a 
S pdto- wheel furnished with eight sets of revolving vanes, work, ng between four 
* sets of stationary vanes. This revolving appa- 

ratus, of which fig. 649 shows a vertical, an<$ 
fig. 55 0 a horizontal section, was firmly fitted 
into a copper vessel (see fig. 661) containing 
water, in the lid of which were two necks, one 
for the axis to revolve in without touching, the 
other for the insertion of a thermometer. A 
similar apparatus, but made of iron, and of 
smaller size, having six rotatory and eight sets 
of stationary vanes, was used for the experi- 
ments on the friction of mercury. The appa- 
ratus for the friction of cast-iron consisted of a 
vertical axis, carrying a bevelled cast-iron wheel, 
against which a bevelled wheel was pressed by 
a lever. The wheels were enclosed in a cast- 

— — iron vessel filled with mercury, the axis passing 

throuch the lid In each apparatus motion was given to the axis by the descent of leaden 
woighto m (fig. 551) suspended by strings from the axes of two wooden pulleys, one of 

Fig. 551. 

J 



tea 

Al 
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be easily attached to or removed from the friction apparatus. , . 

The mode of experimenting was as follows: The temperature of the fndipnai 
apparatus having been ascertained, and the weights wound up, the roller was fixed to 
the axis, and the preciso height of tho weights ascertained ; the roller was then set at 
liberty, and allowed to revolve till the weights touched the floor. The roller was 
then detached, the weights wound up again, and the friction renewed. This having - 
been repeated twenty times, the experiment was concluded with another observation of 
the temperature of the apparatus. The mean temperature of the apartment was 
ascertained by observations made at the beginning, middle, and end of each experi- 
ment. Corrections were made for the effects of radiation and conduction ; and, til the 
experiments with water, for the quantities of heat absorbed by the copper vessel and 
the paddle-wheel. In the experiments with mercury and cast-iron, the heat-capacity 
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of the entire apparatus was ascertained by observing the heating effect which it pro- 
duced on a known quantity of water in which it was immersed. In all the experiments 
corrections were also jnade for the velocity with which the weights came to the ground, 
and for the friction and rigidity of the strings. The thermometers used were capable 
of indicating a variation of temperature as small as ^ of a degree Fahrenheit. 

The following table contains a summary of the results obtained by this method; the 
second column gives the results as they were obtained from weighings made in air ; the 
third column, the same results reduced to weighings iu a vacuum. 


Material employed. 

Equivalent in air. 

Equivalent in vacuo. 

Mean. 

Water 

773-640 

772-692 

772-692 

Mercury . 

<773-762 

1 776-303 

772-8141 
775-352 { 

774083 

Cast-iron . 

<776-997 

{774-880 

776-045) 
774-930 { 

774*987 


In the experiments with cast-iron, the friction of the wheels produced a considerable 
vibration of the frame-work of the apparatus, and a loud sound ; it was therefore 
neeessaiy to make allowance for the quantity of force expended in producing these 
effects. The number 772 692, obtained by the friction of water, is regarded as the most 
trustworthy; but oven this may be a little too high; beeauso even in the friction of 
fluids it is impossible entirely to avoid vibration and sound. The conclusions deduced 
from these experiments are : 

1. That the quantity of heat produced by the friction of bodies t whether solid or 
liquid , is always proportional to the force expended. 

2. That the quantity of heat capable of increasing the temperature of 1 lb. of water 
(weighed in vacuo , and between 6 5° and GO 0 F.) by i° E., requires for its evolution the 
expenditure of a mechanical force represented by the fall of 772 lbs. through the space 
of 1 foot. 

Or , the heat capable of increasing the temperature of 1 gramme of water by 1° C. t is 
equivalent to a force represented by the. fail of 423 55 grammes through the space of 
1 metre. This is consequently the equivalent of “ a unit of fa at.” 

Since, in consequence of the researches that have been mentioned, the attention of 
scientific men has been prominently called to the mutual equivalence of heat and work, 
several investigations have been made, either for Lho express purpose of ascertaining 
the numerical ratio expressing that equivalence, or involving (teferini nations from 
which that ratio can bo calculated. In the following table, taken from Verde t’s 
Krjyose de la Thcoric Mccaniqne. de la Chalcur (Paris, 18G3), the most trustworthy 
determinations of the mechanical equivalent of heat arc put together. The numbjjita ■ 
here given represent the number of kilogramme-motres which is equivalent to 1 kilo- 
gram mo-dogreo centigrade, or the number of grammo-motres which is equivalent to 
1 graiurae-aegree. 


Table of determinations of the Mechanical Equivalent of Heat. 


. 1 

Nature of the phenomenon whence 
the determination is drawn. 

Philosopher* who hav< 
Indicated the theoreti- 
cal principle oT the 
determination. 

Philosopher* who have 
tupplied the experimental 
data. 

— 

Mechani- 
cal oqul. 
valent. 

General properties of air . 

(Mayer. 

{ Clausius. 

V. Hegnault. ) 

Moll ana van Bcek. ) 

426 

F^gtion 

Joule. 

(Joule. 

{ Favre. 

424 

413 

Wojxtjone by the steam-engine 
Heat evolved by induced cur- ) 
rents . . . . { 

Heat evolved by an electro-) 
magnetic engine, at rest and > 

Clausius, 

Joule. 

Him. 

Joule. 

413 

452 

Fuvro. 

Favre. 

443 

in motion . . . ) 




Total heat evolved in the cir-) 
cuit of a Daniell’s battery ) 
Heat evolved in a metallic wire i 
| through which an electric [ 

! current is passing . ) 

Bo&Hcha. 

( W. Weber. 

{ Joule. 

|420 


Clausius. 

Quintus Ieilius. 

400 


VOL. lit 


K 




HEAT. 


ilo 

Dynamical Theory of Heat* 

For very long, two rival theories have been held regarding the nature of heat : on 
the one hand, heat has been viewed as having a material existence, though differing 
from ordinary matter in being without weight, and in other respects ; on the other hand, 
it has been regarded as a state or condition of ordinary matter, and generally as a con- 
dition of motion. From the latter part of the last century, until the modern researches 
upon the mechanical equivalent, the former view had by far the greater number of 
adherents. Its popularity may be traced chiefly to the teaching of Black and 
Lavoisier. By the former of these philosophers, the various capacities for heat, or 
specific heats, of different bodies, seem to have been regarded as analogous to the 
various proportions of the same acid required to neutralise equal quantities of different 
bases ; while the solid, liquid, and gaseous states were explained by him as represent- 
ing so many distinct proportions in which heat was capable of combining with ordinary 
matter. Very similar views were advocated by L avoisier: he regarded all gases as 
compounds of a base characteristic of each, with caloric , and supposed that when, as 
the result of chemical action, they assumed the liquid or solid state, this caloric was set 
free and appeared as sensible heat. Caloric was thus the physical representative of 
phlogiston, in the same way as oxygen was its chemical representative: the physical 

E ^rtion of the phenomena previously attributed to dephlogistication, being regarded by 
avoisier as caused by the liberation of caloric, just as the chemical portion was 
explained by him as combination with oxygen. Thus he uniformly speaks ( Traits el6- 
mentaire de Chimin') of the “ decomposition ” of oxygen-gas by combustiblo substances, 
into oxygen (which combines with the combustible) and caloric (which is set free). 
It is true that Lavoisier guards himself against definitely expressing Ins belief in the 
existence of caloric as a substance, but he enumerates it in his list of elements, and 
seeks to explain all calorimetric phenomena by the analogy of the combination or 
separation of elementary bodies. Hence, whether regarded by him as necessarily 
material or not, it became, for his followers, “ an imponderable clement.” 

It will be seen that heat was compared to a material substance, by both Black and 
Lavoisier, in order to explain its then known quantitative relations ; and from this 
point of view, the conception introduced by them had the great advantage of being 
more easily grasped than any which the advocates of the immaterial nature of heat 
bad to offer in its place. It was much easier to conceive of definite quantities of an 
exceedingly subtile substanco or fluid, than of definite quantities of motion which was 
itself undefined as to its nature. It was a direct consequence of the material view, 
that heat should be considered as indestructible and as incapable of being produced, 
and therefore that the total quantity of heat in the universe should be regarded as at 
all times the same. 

Tho greatest difficulty which the upholders of tho substantial existence of heat had 
to meet, was its production by mechanical means, a phenomenon of which, as we have 
seen, soveraL instances were distinctly recognised. Here it was not easy to deny tho 
actual generation of heat, and to explain the effects as depending merely on its altered 
distribution. Nevertheless, the evolution of heat by friction and percussion was gene- 
rally considered, by the advocates of tho material view, as in some way resulting from 
a diminution in the capacities for heat of the bodies operated upon ; and this explana- 
tion derived considerable support from tho remark, made by Black, that apiece of soft 
iron, which has been once made red hot by hammering (see p. 119), cannot be so 
heated a second'timo until it has been heated to redness m a fire and allowed to cool. 
In this case, certainly, it seemed as though the hammering forced out heat from the 
moss of iron, like water from a sponge, and that a fresh supply was taken up when the 
iron was put in the fire. But, as has been shown already, this e»hination .did not 
satisfy Rum ford, who, in the investigation described above, roadejBect experiments 
Upon the specific heat of the chips of metal detached by the friction^and found it to be 
identical with that of brass under ordinary circumstances. An experiment which 
proved, if possible, still more decisively, that the heat generated by friction cannot bo 
ascribed to a diminution in the specific heats of the substances, was made by Davy, 
in 1799, the year following the publication of Rumford’s researches. Davy 
arranged two pieces of icc, so that they could be caused to rub against each other under 
the exhausted receiver of an air-pump, but so that it was impossible for heat to be 
imparted to them by conduction, and found that by friction they were rapidly con- 
verted into water, that is to say, into a liquid whose specific heat was twice as great as 
that of ioe. From this experiment Davy drew the same conclusion that Rumford had 
drawn from his own results, and expressed himself in very similar terms: — “The 
immediate cause of the phenomena of heat then is motion, and the laws of its commu- 
nication are precisely the same as the laws of the communication of motion.” ( Element* 
uf Chemical Philosophy, London, 1812, pp. 94, 95.) Similar views were very forcibly 
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advocated by Dr. Thomas Young in his Lectures on Natural Philosophy ; but* tr 
the majority of scientific men, facts such as we have been referring to, though recog- 
nised as difficulties in the way of the material theory of heat, were not allowed to cause 
its rejection. The ease and apparent precision with which the quantitative phenomena 
of latent and specific heat could bo explained, or at least expressed,, upon this theory, 
still caused it to be generally preferred to one which gavo a less definite and, as it 
seemed, more hypothetical explanation of these phenomena. The mechanical, or 
dynamical theory, which regarded heat as consisting in a state of molecular motion, 
cannot be said to have been definitely established until it also was made quantitative, — 
until it was shown that exact numerical laws regulated the production or heat by work 
or of work by hoat, equally with its production during solidification, or disappearance 
during fhsion. This, as wo have seen, was effectually accomplished by Joule, and 
chiefly as the result of his investigations and of others conducted in the same spirit, 
philosophers have now been compelled to extend tlieir ideas of quantity from matter to 
energy, and thus has arisen the new science of Energetics, or the quantitative study 
of the transformations of energy (as chemistry is the quantitative study of the trans- 
formation of matter), comprehending and uniting all the different branches of physical 
science. 

We cannot attempt to give anything like an adequate idea of the state of develop- 
ment which tho mechanical theory of heat bos now reached; but, in order to illustrate 
the general nature of the theory, and to show in what sort of way the conception that 
“heat is motion ” has been applied to tho explanation of such phenomena as have 
formed tho subject of this article, we give hero an outline of the view of tho constitu- 
tion of gases which this theory affords, first put forward, in its present form, by Joule 
(see Ann. Ch. Phys. [3] 1. 381) and subsequently developed by Krb nig (Pogg. Ann. 
xeix. 315) and Clausius (ibid. 363), and of the explanation of tho relations existing 
between solids, liquids, and gases, which lias been deduced from it by the lnst-miniod 
philosopher. The account which follows, of these applications of tho dynamical theory, 
is taken from Watts’s Supplement to Graham's Elc mints of Chemistry. It will bo 
seen that the explanations of phenomena which this theory affords, are at least equally 
definite with thoso which can bo given upon tho view of tho material nature of 
heat. 

First, then, it is assumed that tho particles of all bodies aro in constant motion, and 
that this motion constitutes heat, the kind and quantify of motion Varying according 
to the state of tho body, whether solid, liquid, or gaseous. 

In gases, the molecules — each molecule being an aggregato of atoms — -are supposed 
to be constantly moving forward in straight linos, and with a constant velocity, till they 
impinge against each other or against an impenetrable wall. This constant impact of 
tho molecules produces the expansive tendency or elasticity, which is the neculiar 
characteristic of the gaseous state. The rectilinear movement is not, howover, tne only 
one with which the particles arc affected. For the impact of two molecules, unless ft 
takes place exactly in the line joining their centres of gravity, must give rise to a 
rotatory motion; and, moreover, the idtimuto atoms of which tho molecules are com- 
posed may be supposed to vibrato within certain limits, being, in fact, thrown into 
vibration by the impact of the molecules. This vibratory motion is called, by Clausius, 
the motion of the constituent atoms (lUwegungen dcr Bislandthcile). The total quantity 
of heat in the gas is made up of the progressive motion of tho molecules, together with 
the vibratory and other motions of the constituent atoms; but the progressive motion 
alone, whieh is the cause of the expansive tendency, determines the temperature. Now, 
the outward pressure exerted by the gas against the containing envelope arises, accord- * 
nig to our hypothesis, from the impact of a great number of guseous molecules against 
the sides of tne vessel. But at any given temperature, that is, with any given velocity, 
the number of such impacts taking place in a given tiino, must vary inversely as the 
volume of the given quantity of gas ; hence the pressure varies inversely as the volume 
or directly as the density, which is Boyle’s law. 

” r ^ t ’ n v ?hune of the gas is constant, the pressure resulting from the impact of 
the molecules is proportional to the sum of the masses of all the molecules multiplied 
into the squares of their velocities, in other words, to the so-called vis viva or living 
Jorce. of the progressive motion. 

If, for example, the velocity be doubled, each molecule will strike the sides of tho 
vessel with a two-fold force, and its number of impacts in a given time will also bo 
doubled ; hence the total pressure will be quadrupled. 

Now we know that when a given quantity of any perfect gas is maintained at a con- 
stant volume, it temds to expand by of its bolt at zero for each degree centigrade. 

ence the pressure or elastic force increases proportionally to the temperature reckoned 
rom— 273° C. ; that is to say, to the absolute temperature. Consequently, the abtolufa 
^nperature is proportional to the vis viva of the progressive motion, 

x 2 
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' Budposo a vessel of the form of a rectangular paralletopiped, the leugths of wh m 
aides are x, y, z, to contain n gas-molecules, each having the mass m. Suppose, also, 

the space enclosed by this vessel to be divided into - equal cubes; and at a given 

instant let there be in each of these cubes six gas-molecules, moving serenlhin the 
7?*“." +x -X +v -v +Z, -z, and with the common velocity c. let it also 
be supposed that the molecules exert no mutual action upon each other, but pass with- 
out hindrance from side to side of the vessel. It is required to determine the pressure, 
which the gas exerts against one of the sides, yz, of the vessel The pressure arising 
from the impact of a single gas-molecule is mca, if a denote the number of impacts 
which take place in a unit of time. Now, a molecule moving at right angleB to ye, or 
parallel to x, strikes against yz every time that it passes over the space 2x ; therefore 
o 

a *" 

To find the total pressure P upon yz, the quantity, mca, must bo multiplied by the 
number of molecules which move parallel to a*, which number, since two atoms out of 

every six are parallel to x, is Hence P ~ m.c. ~ j. And the pressure p upon a unit 


of surface of the side yz, is p 
constant factor : 


c JL . !? . • or if we put xuz — v , and leave out the 

2a: 3 yz 


nmc* 


This expression shows that the pressure exerted upon a unit of surface is the same for 
each side of the vessel ; also, that the pressure is inversely in proportion to the volume 
of the gas, which is Boyle’s law. . 

The product, me 2 , or the vis viva of an atom, is the expression of the temperature 
reckoned from the absolute zero, or — 273° C. 

If, in the preceding value of p , wo put me 1 = r, wo have 


p - 


n-r 

v 


that is to say, when the volurao is constant, the pressure varies directly as the absolute 
temperature. (Kronig.) 

If, for two different gases, we suppose p, r and v , equal, it follows from this oxpres- 
sion,* that n also must be the same for both. That is to say, at the same temperature 
and ju'cssure, equal volumes of different gases contain the same number of molecules. 
Hence also, the mass, m , of a molecule is proportional t-o the specific gravity, s, of the 
gas : or, the molecular weights of different substances are proportional to their vapour- 
densities (taken at temperatures at which the vapours have the properties of true 
gases). , . 

Clausius, taking into consideration the vie viva of the vibratory and rotatory 
" ... time 2 

movements as well of the progressive movements, arrives at the expression, p =» a ~ > 


or py B which differs from that of Kronig only by & constant factor. 

From this equation, it is possible to deduce the mean value of the absolute progressive 
velocity of the molecules of any gas for any given temperature. It gives, in fact, 
directly, 

nm 


or, putting j for the weight of the gas, and g for the force of gravity, — 

e._22p, 

an expression which contains only numerically determinable quantities. Denoting by 
p the density of the gas compared with that of air at 0°, introducing into the formula 
the known values of the weight of a litre of air and of the force of gravity, taking p 
equal to the normal atmospheric pressure, and denoting the absolute temperature by r, 
the value of c, expressed in metres, becomes 

c “ -V m 
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which give# at 0° O* for Oxygen c «* 461 metreB per second 

„ Nitrogen e * 492 „ „ 

„ Hydrogen c — 1844 „ „ 

Hence, the velocity of translation of the molecules of a gas is inversely a# the square^ 
root of its density, which gives Grk ham’s law of the diffusion of gases, and the 
law of their velocity of entrance into a vacuum. 

Moreover, as the motions of the constituent particles of a gas depend on the manner 
in which its atoms are united, it follows that in any given gas the different motions 
must be to one another in a constant ratio; and, therefore, the vis viva of the pro- 
gressive motion must be an aliquot part of the entire vis viva of the gas ; hence also 
the absolute temperature is proportional to the total vis viva arising from all the 
motions of the particles of the gas. 

From this it follows that the quantity of heat which must be added to a gas of 
constant volume in order to raise its temperature by a given amount, is constant and 
independent of the temperature. In other words, the specific heat of a gas referred to 
a given volume is constant, a result which agrees with the experiments of Regnault, 
mentioned at p. 34. This result may be otherwise expressed, as follows : The total 
vis viva of the gas is to the vis viva of the progressive motion of the molecules , which is 
the measure of the temperature , in a constant ratio . This ratio is different for different 
gases, and is greater as the gas is more complex in its constitution ; in other words, 
as its molecules are made up of a greater number of atoms. The specific heat referred 
to a constant pressure is known to differ from the true specific heat only by a constant 
quantity (see p. 42). 

The relations just considered between the pressure, volume and temperature of gases, 
presuppose, however, contain conditions of molecular constitution, which are, 
perhaps, never rigidly fulfilled ; and accordingly, the experiments of Magnus and 
Regnault (p. 48) show that gases do exhibit slight deviations from Gay-Lussac and 
Boyle’s laws. What tho conditions are which strict adherenco to these laws would 
require, will be better understood by considering the differences of molecular constitu- 
tion which must exist in the solid, liquid, and gaseous states. 

A movement of molecules must be supposed to exist in all three states. In the 
solid state, the motion is such that the molecules oscillate about certain positions of 
equilibrium, which they do not quit, unless they aro acted upon by external forces. 
Tliis vibratory motion may, however, bo of a very complicated character. Tho con- 
stituent atoms of a molecule may vibrate separately ; the entiro molecules may also 
vibrate as such about their centres of gravity, and the vibrations may be either recti- 
linear or rotatory. Moreover, when extraneous forces act upon the body, as in shocks, 
the molecules may permanently alter their relative positions. * 

In the liquid state, the molecules have no determinate positions of equilibrium. 
They may rotate completely about their centres of gravity, and may also move for- 
ward into other positions. But the repulsivo action arising from the motion is not 
Btrong enough to overcome the mutual attraction of the molecules and separate them 
completely from each other. A molecule is not permanently associated with its neigh- 
bours, as in the solid state; it does not leave them spontaneously, but only under tho 
influence of forces exerted upon it by other molecules, with which it then comes into 
the same relation as with the former. There exists, therefore, in the liquid state, a 
vibratory, rotatory and progressive movement of the molecules, but so regulated, that 
they are not thereby forced asunder, but remain within a certain volume without 
exerting any outward pressure. 

In th e gaseous state, on the other hand, the molecules are removed quite beyond the 
sphere of their mutual attractions, and travel onward in straight lines according to the 
ordinary laws of motion. When two such molecules meet, they fly apart from each 
other, for the most part, with a velocity equal to that with which they came together. The 
perfection of the gaseous state, however, implies : 1. That the space actually occupied 
l»y the molecules of the gas be infinitely small in comparison with tho entiro volume of 
the gas. — 2. That the time occupied in the impact of a molecule, either against 
another molecule or against the sides of the vessel, bo infinitely small in comparison 
with the interval between any two impacts. — 3. That the influence of the molecular 
forces be infinitely small. When those conditions are not completely fulfilled, the gas 
partakes more or less of the nature of a liquid, and exhibits certain deviations from 
Gay-Lussac and Boyle’s laws. Such is, indeed, tho case with all known gases ; to a 
very alight extent with those which have not yet been reduced into the liquid state ; 
bjt to a greater extent with vapours and condensable gases, especially near the points 
condensation. 

tk^ now return to the consideration of the liquid state. It has been said that 
«ie molecule of a liquid, when it leaves those with which it is associated, ultimately 
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takes np a similar position with regard to other molecules. This, however, does not 
preclude the existence of considerable irregularities in the actual movements. Now 
at the surface of the liquid, it may happen that a particle, by a peculiar combination 
-of the rectilinear, rotatory and vibratory movements, may be projected from the 
neighbouring molecules with suoh force as to throw it completely out of tjieir sphere of 
action, before its projectile velocity can be annihilated by the attractive force which 
they exert upon it. The molecule will then be driven forward into the space above 
the liquid, as if it belonged to a gas, and that space, if originally empty, will, in con- 
sequence of the action just described, become more and more filled with these projected 
molecules, which will comport themselves within it exactly like the molecules of a gas, 
impinging and exerting pressure upon the sides of the envelope. One of these sides, how- 
over, is formed by the surfaceof the liquid, and when a molecule impinges upon this surface, 
it will, in general, not be driven back, but retained by the attractive forces of the other 
molecules. A stato of equilibrium, not static, but dynamic, will therefore be attained 
when the number of molecules projected in a given time into the space above, is equal 
to the number which in the same time impinge upon and are retained by the surface 
of the liquid. This is the process of vaporisation. The density of the vapour required 
to ensure the compensation just mentioned, depends upon the rate at which the par- 
ticles arc projectod.from the surface of the liquid, and this again upon the rapidity of 
their movement within the liquid, that is to say, upon the temperature. It is clear, 
therefore, that the density of a saturated vapour must increase with the temperature. 

If- the spaco above the liquid is previously filled with a gas, the molecules of this gas 
will impinge upon the surfaco of the liquid, and thereby exert pressure upon it; but as 
these gas-molecules occupy but an extremely small proportion of the spaco above the 
liquid, the particles of the liquid will be projected into that space almost as it it wore 
empty. In the middle of the liquid, however, the external pressure of the gas acts in 
a different manner. There also it may happen that the molecules may be separated 
with such force as to produce a small vacuum in the midst of the liquid, But this 
space is surrounded on all sides by masses which afford no passage to the disturbed 
molecules ; and in order that they may increase to a permanent vapour-bubble, the 
number of molocules projected from the inner surface of the vessel must be such as to 
produce a pressure outwards, equal to tho external pressure tending to compress the 
vapour-bubble. The boiling point of the liquid will, therefore, be higher as the 
external pressure is greater. 

According to this view of the process of vaporisation, it is possible that vapour may 
rise from a solid as well as from a liquid ; but it by no means necessarily follows that 
vapour must be formed from all bodies at all temperatures. The force which holds 
together tho molecules of a body may bo too great to be overcome by any combination 
of molecular movements, so long as the temperature docB not exceed a certain 
limit. 

The production and consumption of heat which accompany changes in the state of 
aggregation, or of the volume of bodies, are easily explained, according to the precoding 
principles, by taking account of the work done by the acting forces. This work is 
partly external to the body, partly internal. To consider first the internal work : 

When the molecules of a body change their relative positions, the change may take 
place either in accordance with or in opposition to the action of the molecular forces 
existing within the body. In the former case, the molecules, during the passage from 
one state to tho other, have a certain velocity imparted to'tliem, which is immediately 
converted into heat. ; in the latter case, the velocity of their movement, and conse- 
quently tho temperature of the body, is diminished. In the passage frt)m the solid to 
tne liquid state, the molecules, although not removed from the sphdjfeg of their mutual 
attractions, nevertheless change their relative positions in oppositifito the molecular 
forces, which forces have, therefore, to be overcome. In evaporatitS^h certain number 
of the molecules are completely separated from the remainder, whibh again implies the 
overcoming of opposing forces. In both cases, therefore, work is done, and a certain 

S jrtion of the vis viva of tho molecules, that is, of the heat of the body, is lost. 

ut when once the perfect gaseous stato is attained, the molecular forces are completely 
overcome, and any further expansion may take place without internal work, and, there- 
fore, without loss of heat, provided there is no external resistance. 

But in nearly all cases of change of state or volume, there is a certain amount of 
external resistance to be overcome, and a corresponding loss of heat. When the 
pressure of a gas, that is to say, the impact of its atoms, is exerted against a movable 
obstacle, such as a piston, the molecules lose just so much of their moving power as 
they have imparted to the piston, and, consequently, their velocity is diminished and 
the temperature lowered. On the contrary, when a gas is compressed by the motion 
t>f a piston, its molecules are driven back with greater velocity than that with which 
they impinged on the piston, and, consequently, the temperature of the gas is raised. 
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When a liquid is converted into vaponr, the molecules have to overcome the atmo- 
spheric pressure or other external resistance, and, in consequence of this, together with 
the internal work already spoken of, a large quantity of heat disappears, or » rendered 
latent, the quantity thus consumed being to a considerable extent affected by the 
external pressure. The liquefaction of a solid not being attended with much increase 
of volume, involves but little external work ; nevertheless the atmospheric pressure 
does influence, to a slight amount, both the latent heat of fusion and the melting 
point. 

We must here mention, in conclusion, a very remarkable consequence of the relation 
of mutual convertibility which, as we have endeavoured to show, exists between heat 
and other forms of energy. “ Professor W illiam Thomson has pointed out the fact, 
that there exists (at least in the present state of the known world) a predominating 
tendency to the conversion of all the ether forms of physical energy into heat, and to 
the uniform diffusion of all heat throughout all matter. The form in which we gene- 
rally find energy originally collected, is that of a store of chemical power, consisting of 
uncombined elements. The combination of these elements produces energy in the form 
known by the name of electric currents, part only of which can be employed in analysing 
compounds, and thus reconverted into a store of chemical power; the remainder is 
necessarily converted into heat: a part only of this heat can be employed in analysing 
compounds, or in reproducing electric currents. If the remainder of the heat be 
employed in expanding an elustic substance, it may bo entirely converted into visible 
motion, or into a store of visible mechanical power (by raising weights, for example), 
provided the elastic substance is enabled to expand until its temperature falls to the 
point which corresponds to the absolute privation of heat ; but unless this condition be 
fulfilled, a certain proportion only of the neat, depending upon the rango of temperature 
through which the elastic body works, can be converted, the rest remaining in the state 
of heat. On the other hand, all visible motion is of necessity ultimately converted 
entirely into heat by the agency of friction. There is, then, in the present stato of 
the known world, a tendency towards the conversion of all physical energy into the 
sole form of heat. 

‘•Heat, moreover, tends to diffuse itself uniformly by conduction and radiation, until 
all matter shall have acquired the same temperature. 

“There is, consequently, Professor Thomson concludes, so far as wo understand the 
present condition of the universe, a tendency towards a state in which all physical 
energy will be in the state of heat, and that heat so diffused that all matter will be at 
the same temperature; so that there will be an end of all physical phenomona. 

“ Vast os this speculation may seem, it appears to bo soundly based on experimental 
data, and to represent truly the present condition of the universe, so far aa we know it." 
(lta nk i no, Phil. Mag. [4] iv. 359.) 

*#* For Radiation and Conduction of Heat , soo Radiation. 

Appendix. 

The following table gives the temperatures measured by the air-thermometer, at 
which, according to Rcgnault’s experiments (M6in. Acad. Sciences, xxvi. 668^, the va- 
pours of the liquids enumerated in it exert a pressuro equal to that of 760 millimetres 
of mercury : — • 


Subitance. 

Temperature 

SuLitaucc. 

Temperature. 

Nitrous oxide 

Carbonic anhydride . 
Sulphydric acid . 

Ammonia .... 
Chlorine .... 
Chloride of methyl 

Oxide of methyl . 

Sulphurous anhydride 
Chloride of ethyl . . 

Chloride of cyanogen . 
Chloride of boron 

Ether .... 

Bromide of ethyl 

Sulphide of carbon 

- 87-90° 

- 78“2 
- 61*8 

- 38 5 

- 33*6 

- 23*73 

- 23*63 

- 10*08 
+ 12*50 

12*66 

18*23 

34-97 

38*37 

46*20 

| Chloride of silicop 

Chloroform 

Methylic alcohol 

Trichloride of phosphorus . 
Porchloridc of carbon (CC1 4 ) 
Alcohol .... 
Benzene .... 
Bromide of ethylene . 

Oil of turpentine 

Oxalate of methyl . 

Oil of lemons 

Mercury . . . 

Sulphur .... 

66*81° 

60*16 

66-78 

73*80 

76*50 

78*26 

80*36 

131-60 

159-15 

104*20 

174*80 

357*25 

448*00 


The next table, also from Regnault’s experiments ( Op. cit pp. 327-8321 gives tbs 
■pj'cific heats of various substances in different states of aggregation. Where, in ths 
column indicating the temperature, some particular degree is given, the number repre- 
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K-nting the epedfic heat is the elementary specific heat at that degree of temperature,— 
that is, the quantity of heat required to cause a very small alteration of temperature in 
one gramme of the substance, compared with the quantity required to cause a like 
infinitesimal alteration of temperature in 1 gramme of water. When an interval of tem- 
perature is given, the specific neat is the mean specific heat within that interval: — 


Substance. 

Solid. 

Liquid. 

Gaseous. 

Temperature. 

I Specific 
Heat. 

Temperature. 

Specific 

Heat. 

Temperature. 

Specific i 
Heat. ' 

Water . 

— 78° to 0° 

0*474 

10° 

i-o 

128° to 220° 

0-4805 


-20 to 0 

0-504 

10 to 100 

10 



Bromine 

- 77 *8 to - 25 

0-0833 

- 7-3 to 10 

0-1080 

83 to 228 

*0555 

y 


1. * 

+ 13 to 58 

•1129 



Alcohol 



-20 

•5053 

105 to 220 

•4534 




0 

•5475 






+ 20 

■5951 






40 

•6479 






60 

•7060 






80 

•7694 



Ether . 



- 30 

■5113 

70 to 220 

■4797 




0 

*5290 






+ 30 

•5467 






35 

•5497 



Sulphide of carbon 


-30 

•2303 

73 to 192 

*1570 


ii • 

• • 

0 

•2352 



M 

ii • 

• • 

+ 30 

‘2401 




ii • 

• • 

45 

■2426 



Me thy lie alcohol 


0 to 20 

•6700 

101 to 223 

•4580 

Acetone 

• • • 


-30 

•4824 

129 to 233 

•4125 


. 


0 | 

•5064 




... 


+ 30 

*5302 




• • . 


60 

■5540 



Sulphydrato of ethyl . 


20 to 70 

•4785 

120 to 223 

•4008 

Chloride of ethyl 


- 27‘6 to + 4-5 

•4276 

19 to 172 

•2738 

Bromide of ethyl 


0 to 20 

•2160 

777 to 196*5 

•1896 

Cyanide of ethyl 


— 30 

•4325 

114 to 221 

•4262 




0 

•5086 



ii 

♦i • 


+ 30 

•5847 




ii • • 


60 

•6608 



ft 

»» • 


90 

•7369 



Acetate of ethyl . 


- 30 

•4960 

115 to 219 

•4008 

»* 

•t • 


0 

•5274 



II 

ii • 


+ 30 

•5588 






60 

•5902 



Chloroform 


- 30 

•2293 

117 to 228 

1567 

n 

• • • 


0 

•2324 



M 

« • • 


+ 30 

•2354 




... 


60 

•2384 

0 


1 Chloride of ethylene . 


- 30 

•2790 

111 to 221 

•2293 

»> 

n • 


0 

•2922 

Caf' 


ii 

ii • 


+ 30 

•3054 

c5 


ii 

ii • 


60 

*3186 



Benzene 



20 to 71 

•4360 

116 to 218 

•3754 

Oil of turpentine 


0 

•4106 

179 to 249 

•5061 

n 

ii • • 


40 

*4538 



tt 

ii • • 


80 

•4842 



ii 

ii • * 


120 

•5019 




ii • 

• • 

160 

•6068 



Chloride of silicon 

• ♦ 

0 to 20 

•1900 

90 to 234 

•1322 

Trichloride of phosphorus 

• • 

12 to 98 . 

•2092 

12 to 246 

•1347 

Chloride of arsenic 


14 to 98 

*1760 

159 to 268 

•1122 

Stannic chloride . 


14 to 98 

•1475 

149 to, 273 

0939 

Tetrachloride of titanium 


12 to 98 

*1880 j 

162 to 272 

1290 


G. C. F. 
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XJULVT BP&S. Barytes. Native Sulphate (if Barium, Ba"80 4 . — This mineral 
occurs in crystals belonging to the trimetric system. Ratio of axes a : b ; e. 0*6206 : 1 ; 
0*7618; ooP: cop in the macrpdiagonal principal section * 63° 38V; co?2 ; oor2 in 
the same «■ 102° 18'; too : Poo in the basal section ■■ 74° 36'; £co : Poo in the 
same « 100° 40'. Figs. 552-656 represent frequently occurring combinations. 


Fig. 55 2. Fig. 553. Fig. 554 . 



The crystals arc sometimes prismatically elongated in tho direction of one of tho 
axf.s (Jigs. 553, 654), and sometimes reduced to tho tabular form by shortening in 
one direction (see Cry«tai.i.og raphy, ii. 149). Cleavage very distinct, parallel to 
<xf* so. The mineral occurs also massivo, with fibrous or laminar structure; also 
granular. Hardness 2*5 to 3*5. Specific gravity 4*3 to 472. Colour white, or in- 
clining to grey, blue, green, yellow, rod or brown. Streak white. Lustre splendent^ 
between resinous and pearly. Transparent, exhibiting various degrees of fransluccncy 
down to perfect opacity. It is sometimes foetid when rubbed ; an impure variety called 
hepatite exhibits this property in a peculiar degree. It decrepitates before tho blow- 
pipe, and fuses with difficulty at the edges only. In the inner flame it is reduced to 
sulphide of barium, and then gives off sulphydric acid when treated with an acid. 

Pure heavy spar contains 34'33 per cent. SO*and65‘67 Ba a O; but the mineral generally 
also contains small quantities of alumina, oxide of iron, silica, and carbonate of cal- 
cium. Sulphate of strontium is also a common ingredient. Tho variety called calstron - 
baryte contains 1 at. lime and 1 at. strontium to 9 at. barium. 

It is a very abundant mineral, generally occurring in metalliferous veins, as in tho 
lead-mines of Durham, Cumberland, and Westmoreland. It occurs also in secondary 
limestones, sometimes in distinct veins, and often in crystals associated with cmlestin 
and ealcspar. In Staffordshire and Derbyshire is found an opaque, massive variety 
called catvk , having an earthy appearance and dirty white colour. On tho continent 
of Europe it is found chiefly at Felsobanya and Kremnitz, at Freiberg, Maricnberg, 
Clausthal, and Przibram, and at Roya and Roure in Auvergne. Rounded masses, 
composed of divergent columnar particles, occur at Mount raterno, near Bologna, 
hence called Bolognese stone. At Freiberg, in Saxony, a variety occurs composed off 
indistinct prismatic crystals, having a pearly lustre, called Stangenspath by Werner. 
(For the American localities, see Dana, ii. 367.) 

Heavy spar occurs altered to ealcspar, spathic iron, cerosite, quartz, limonite red 
iron-ore, pyrites, psilomelane, gothite. 

The white varieties of heavy spar are ground and used aa a white paint, sometimes 
almje, but more generally mixed with white lead, the heavy spar alone not possessing 
sufficient opacity to form a good pigment. 



158 HEBETTN— HELIANTHUS. 

lasiTZV. Anhydrous silicate of zinc. (See Willemite.) 

HI PMf BgBfttTl. A black variety of augite, containing a large quantity of 
iron, little or no magnesia, and no alumina. Specific gravity 3*5. Found chiefly at 
Tunaberg, in Sweden. 

a W 1 IT.TT, ivy , — The seeds of this plant contain a nitrogenous sub- 
stance resembling emulsin, also fat, two peculiar acids, sugar, a small quantity of 
pectin, and inorganic salts. From the fresh seeds, ether extracts a green oil, 
containing a solid and a liquid fat. The former is somewhat difficult to saponify, 
and yields by saponification a fatty acid, which, after repeated crystallisation from 
alcohol, melts at a temperature not above 30°, and forms a silver salt containing 
from 27*4 to 27'6 silver (Posselt). The acids contained in ivy-seeds are described in 
‘the next article. 

S8BBRZC A.CXB. An acid contained, according toPosselt (Ann. Ch. Pharm. 
lxix. 62) in the seeds of ivy ( Hedera helix). It is obtained by treating the seeds 
with ether to remove fatty matters, and boiling the residue with alcohol, which dis- 
solves the acid, and deposits it, after concentration, in needles or delicate scales, 
colourless, and insoluble in water and in ether. Tho acid is inodorous, but possesses in 
a high degree tho acrid taste of ivy-seeds. It gives by analysis, 66*5 per cent. C, and 
95 H ; its rational formula is unknown. It gives off 6 42 percent, water at 100°, 
and chars without melting at a higher temperature. In contact with strong sulphuric 
acid it assumes a fine purple colour. 

Hederic acid decomposes carbonates, and forms gelatinous salts, most of which are 
insoluble in water, but soluble in alcohol. Even the potassium- and ammonium- salts 
dissolve but sparingly in water, and are deposited as gelatinous precipitates when the 
solutions are- left at rest. The silver- salt is deposited from boiling alcohol in white 
crystals. 

Ivv-seods likewise contain another acid, the presence of which greatly impedes the 
purification of hederic acid. This acid is uncrystallisable ; soluble in water, alcohol 
and ether ; forms soluble yellow salts ; precipitates lead-salts, reduces nitrate of silver, 
and colours ferric salts green. It appears to belong to the family of the tannic acids. 

SBBEAIITE. An alkaloid said, to exist in ivy-seeds. (Van dam me and 
Chevallier, J. Chim. m6cL [2] vi. 681.) 

HSiyVPHAJTZI. A variety of green lead-ore in which the lead is partly replaced 
by calcium. Found at Lfingsbanshytta, in Sweden ; also called Mimetene (q. v.) 

BEIEITENB. An oily hydrocarbon produced by distilling helenin with phos- 
phoric auhydride. After rectification, it is yellowish, lighter than water, and has a 
faint odour resembling that of acetone. Boils between 285° and 295°. Gives by 
analysis 89 0 to 89*8 C, and 10T to 10 4 II, agreeing nearly with the formula C 18 !!** 
(89 8 C, and 10 2 II). Its formation may perhaps be represented by the equation : 

C 21 H 28 0 8 - C ,P H* 8 + 11*0 + 2CO. 

The evolution of carbonic oxide has not, however, been actually observed. 

Holcncne heated with fuming sulphuric acid is converted into sulpho-hclenic acid, 
the barium-salt of which contains 17 ’75 per cent, barium. 

HSXiSIM’nr. 0 2, II t8 0*. — A crystalline substance existing in the root of elecampane 
( Inula hdenixrni) ; it was first observed by Geoffroy, afterwards examined by Dumas, 
and more especially by Gerhardt ( TraiU , iv. 296). It may be obtained by distilling 
tho root with water, or better by boiling it with alcohol of 80 per cent. ; filtering the 
solution at tho boiling heat, and mixing it with three or four times its'volumo of cold 
water. The liquid, after twenty-four hours, deposits helenin in Jong quadrilateral 
prisms. Cly 

Helenin is perfectly colourless, and has very little taste or odourfOTt is insoluble in 
water, but vory soluble in alcohol and ether. It melts at 72°, and 'boils between 276° 
and 280°, decomposing more or less at tho same time. 

Helenip is not attacked by alkalis in aqueous or alcoholic solution ; but when 
heated with potash-lime, it yields a resinous compound, which remains combined with 
the potash. Strong sulphuric acid dissolves it with blood-red colour, forming a con- 
jugated acid. Hydrochloric acid gas is absorbed by it in large quantity. 

By chlorine , with the aid of heat , it is converted into chlorhelenin , perhaps ; 

and by nitric acid into nitrohdenin. Phosphoric anhydride converts it into helenene. 

HELZANTBZO ACZB. C" IPO 7 , HO ? — An acid obtained from sunflower seeds, 
belonging, according to Ludwig and Kromayer, to the tannic acid group. By boiling 
with moderately dilute hydrochloric acid in a stream of hydrogen, it is resolved into 
fermentable sugar, and an acid violet colouring matter. 

BlUflNTBUS AWJNUUS. 7'he Sunflower . — The peeled seeds of this plant 
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contain, according to Ludwig and Kromayer (Arch. Pharm, [2] xdx. 1, 285): 
1. Helianthic acid. — 2. A fat oil, amounting to 40 per cent, of tne peeled seeds,— 
3. A small quantity of fermentable sugar , uncrystallisable, and capable of reducing 
cupric oxide, only when the latter is present in considerable auantity in alkaline solu- 
tion. — 4. A substance soluble in alcohol, precipitated from this solution by ether in 
the form of a syrup, not directly fermentable, and not capable of reducing cupric oxide 
in alkaline solution, but convertible by boiling, either alone or with acids, into a sub- 
stance which reduces cupric to cuprous oxide, and perhaps constituting a link between 
inulin and sugar. — 5. Legumin.S. A substance perhaps identical with inulin, inso- 
luble in cold water and alcohol, and converted by boiling with dilute acids into a body 
which reduces cupric to cuprous oxide. — 7. Mulders’ horny vegetable albumin (a 
body resembling cellulose, soluble in strong sulphuric acid, and preeipitable from this 
solution by water). — 8. A mixture resembling cerebrin, and another resembling oleo- 
phosphoric acid. — 9. Cellulose. 

The nitrogenous substance, which is soluble in boiling alcohol, and remains as a 
gelatinous mass when the alcohol is distilled off, appears to bo a compound of helian- 
fhie acid with a protein-substance, accompanied by a soapy compound. 

The peeled seeds dried in the air at mean temperatures yielded 4-2 per cent, ash, of 
which 3-8 pts. were insoluble, and 0*4 soluble in water. 

SElIOXar. C ,# H ,# 0 T . (Piria, Ann. Ch. Pliys. [3] xiv. 287.) —A body produced 
by the action of very dilute nitric acid upon salicin : 

C' 8 H l8 0 7 + 0 = H 2 0 + C’UI^O 2 ; 

Salidn. Hdicin. 


also, together with benzoic acid, by boiling benzo heliein with magnesia (Piria, Ann. 
Ch. Pharm. xevi. 380). To prepare it, 1 pt. of pulverised Balicin is mixed with 10 pts. 
of nitric acid of 20° Bin. (specific gravity 1T57), and the mixture is left to itself in an 
open vessel. In about 24 hours the salicin is completely dissolved, especially if tho 
mixture be stirred from time to time, and crystals of holloin' collect at the bottom of 
the vessel. They must be pressed between paper and purified by washing with other 
till the ether which runs off no longer reddens ferric salts. Salicin yields about two- 
thirds of its weight of heliein. * 

Heliein crystallises in small, white, very slender needles containing j at water. It 
is neutral, slightly bitter, sparingly soluble in cold water , dissolves very freely in boil- 
ing water ; it is soluble also in alcohol , but is insolublo in ether. At 100° <5. it gives 
oil its water of crystallisation, amounting to 4 54 per cent. At 175° it melts, and at a 
higher temperature gives off vapours of hydride of salicyb Under the influence of 
niiMn, or of dilute acids or alkalis nt tlio boiling heat, it is resolved into glucose and 
hydride of salicyl : 

C’H^O 7 + H 2 0 = C 8 II ,2 0 t ’ + C’lTO*. 


Heliein. 


Glucoze. 


Hydride 
of zulicyl. 


At ordinary temperatures, the fixed alkalis and alkaline earths merely increase the 
solubility of heliein in water. 

Bonzo-belicln. C 2 *H 20 0* = C ,3 ITVC 7 IP0)0 T . — This compound, which is related 
to heliein in the Bame manner as populin to salicin, is obtained by dissolving benzo-saliein 
(populin) in 10 or 12 times its weight of nitric acid of specific gravity 13. It crys- 
tallises in tufts of silky needles, which do not give off any water when heated. It dis- 
solves in boiling water ; and if the first drops of a solution filtered at the boiling heat 
crystallise on cooling, the crystallisation extends throughout the entire mass ; but on 
again applying heat, and leaving the solution to cool slowly and quietly, it solidifies to 
a gelatinous pulp. 

Bcnzo-heliein is not decomposed by emulsin, but alkalis and acids convert it into 
benzoic acid, hydride of salicyl, and glucose : ,■ 


C»H*0» + 2H*0 

Benzo- 

heliein. 


C T H*O a + C 7 H 6 O s + C%”0‘. 

Benzoic Hydride « ..t 

acid. ofzallcyl. umesss. 


By boiling with magnesia (or other bases which do not act upon heliein), it is resolved 
into benzoic acid and heliein. * 

Bromhelidn, C'HI^BrOMPO, is prepared like ehlorhelicin, and exhibits similar 
reactions, but always separates from solution in tho gelatinous form, and when dry, 
forms a dirty white powder without any appearance of crystallisation. 

Chlorlselloln, C'*H ,4 C10 T , exists in two modifications, which may be distinguished 
as a and $. 

« Chlorhelicin is obtained by agitating heliein with water in a vessel filled with chlorine. 
The product is purified by pressure, washing with cold water, and solution in boiling 
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water, the liquid as it cools either depositing small needles of monohydrated chlor- 
helicin, aC^H^ClOh^O, or solidifying to an amorphous jelly containing a larger 

qU «ChforheHcin r is inodorous, bitter, nearly insoluble in cold water easily eolttble in 
hot water and in alcohol The crystals contain 3 per cent, water, which is rather more 
than the amount required by the formula just given (276 per cent.), the excess pro- 
bably arising from admixture of a small quantity of gelatinous o chlorhelicin. When 
heated to between 120° and 130°, they give off the whole of their water, and the re- 
maining anhydrous a chlorhelicin, when raised to a higher temperature, gives off 
vapours of hydride of chlorosalicyl. This product is likewise obtained, together with 
glucose or its products of decomposition, on heating a chlorhelicin with dilute acids or 
alkalis, or by treating it with emulsin : 

C ,8 H ,5 C10 7 + H 2 0 » C 18 H 5 C10 a + C 6 H 18 0 # . 

0 Chlorhelicin. When chlorine is passed into an alcoholic solution of helicin, a white 
granular substance is obtained, which has the composition of a chlorhelicin, but is 
insolublo in water, nearly insoluble in boiling alcohol, and is not decomposed in the 
manner just mentioned by acids, alkalis, or emulsin. 

H BII COIDIN. C 2 *H 3, 0 14 (Piria, Ann. Ch. Phys. [3] xiv. 292). — This sub- 
stance, which may be regarded as a compound of helicin and salicin (C ,3 H ,6 0 7 + 
C ,8 H l8 0 7 ), is obtained by treating salicin with nitric acid still more dilute than that 
which is used for the preparation of helicin, viz. of 12° Dm. (specific gravity 1*088). 
It may be purified by washing with cold water and crystallisation from boiling water. 
It forms needles resembling those of helicin, and containing | at. water (2C 2< *H 34 0 M + 
3H 2 0). Under the influence of emulsin it is decomposed similarly to helicin, yielding, 
however, saligenin in addition to glucose and hydride of salicyl : 

02 « H a4 0 n + 2H 2 0 = 2C 6 H 12 0 6 + C 7 II°0 2 + C 7 IF0 2 . 

Hellcoldin. Glucose. of^alicyK Suligenln. 


Alkalis and acids act in the same manner, the latter, however, converting the saligenin 
into saliretin (C 7 H 8 0) by abstraction of water. 

Helicin, salicin, and helicoidin are related to one another in the Bamo manner as 
quinone, colourless hydroquinone, and green hydroquinone. 

HELIOTROPE or Bloodstone. A variety of chalcedony, having a deep green 
colour with blood-red spots. It is used as a gem. 


POMATZA. The Garden or Vineyard Snail — Tho shell and operculum 

of this mollusc have been analysed by 13. Wicko (Ann. Ch, Pharm. exxv. 79), with 
the following results : — 

U( ,pn3 F.arthy Ferric e in2 Organic 

CaGO MgCO Phosphates. Phosphate. Substance. 

Shell . . 96*07 0*98 0*85 1*15 0*95 = 100*00 

Operculum . 8675 0 96 5*36 0*16 0*35 6*42 = 100*00 


W. Wicke (Ann. Ch. Pharm. lxxxvii. 224) found in the operculum 94*24 per cent, 
carbonate, and 5*73 per cent, phosphate of calcium, together with traces of ferric oxide and 
phosphate of magnesium. He supposes that the phosphate of calcium is contained 
chiefly in the small nodules which cover the surface of tho operculum. Joy (ibid. 
lxxxii. 365) found in tho shell, 98*5 per cent, carbonato of calcium and 1*5 organic 
matter, but no phosphoric acid, silicic acid, fluorine, magnesia, or alkalis. Gobley (J. 
Pharm. [3] xxxiii. 161) found that the shell contained 70 per cent, water, and when 
dried consisted almost wholly of carbonate of calcium, with small quantities of earthy 
and ferric phosphates, and animal matter. . _ jt >- 

In the animal itself, Gobley found a peculiar mucus, containing jpiymall quantity of 
carbonate of potassium, which gives it an alkaline reaction, rediss^Wss in water after 
drying, but loses this property after a while. Gobley also found, besides the salts 
usually occurring in the animal organism, a small quantity of chloride of ammonium, 
a peculiar oo&Poufcd pf animal matter with carbonate of calcium, partially soluble in 
water, and ' trims <rf iodine. Ben eke (Ann. Ch, Pharm. cxii. 249) found in the 
jmim&LVpecuKar f&tty substance called myelin, existing also in the brain and other 
IggattAf the higKer animals, which swells up in peculiar forms when soaked in water. 

OTliLlBOttiyg. An azotised body contained in the root of black hellebore 
( ffelleborus hiemalis ). It is obtained by exhausting the root with alcohol, diluting 
the extract with a certain quantity of water, which precipitates a resin, and concen- 
trating the filtered liquid. 

It forms colourless crystals, having a harsh bitter taste, soluble in water and in 
alcohol, more soluble in ether. The solutions are neutral to feat- paper. It is decom- 
posed by heat, also by nitric and sulphuric acids. Heated with potash it gives off 
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ammonia. It is not precipitated from its solutions by acetate of lead, chloride of 
mercuiy, or iodide of potassium. (W. B as tick, Pharm. J. Trans. adL 174.) 

ElUBTUHTA. Called also Ledite . A variety of felspar, occurring at Gry- 
phyttan, in Sweden, having a peculiar waxy lustre and deep flesh-red colour. 

SEIiLXXfXlirS and BSLlfi27Zir. See Helbnbne and Hklrntn (p. 138). 

BBIMZHTB. A variety’ of chlorite occurring in felspar and quartz. (Dana, ii. 
294). 

HSXiMrirTBOXiZTZ:. A variety of limestone, generally of a dark colour, and 
distinguished by the beautiful red and green iridescenco of the fossil shells which it 
contains. It is found in Carinthia, at llalle in tho Tyrol, and other localities, and is 
made into a variety of ornamental articles, (Handw. d. Chem. iii. 848.) 

HZULVXir. Tetrahedral Garnet . — A mineral consisting of silicate of manganese, 
iron, and glucinum, combined with oxy sulphide of manganese. It occurs in regular 
tetrahedrons. Hardness 6 to 6 5, rather greater than that of felspar. Specific gravity 3*1 
to 3*3. Lustre vitreous, inclining to resinous. Colour wax-yellow, inclining to yellowish 
brown and siskin-green. Streak uncoloured. Subtranslucent. Fracture uneven. On 
charcoal, in the reducing flame, it melts, with intumescence, to a yellow opaque globule. 
When finely pulverised it is decomposed by hydrochloric acid, with evolution of sul- 
phydric acid and separation of gelatinous silica. 

Analyses r 1, 2. From Saxony, by C. Gmolin (Pogg. Ann. iii. 53). 3. From 

Norway, by Rammelsberg (Miner alchemic, p. 700) : 




1 

2 

3 

Silica 

, 

36-27 

33-26 

3313 

Sulphur 

Alumina . 


1 44 ) 

605 

6-71 

Glucina 


8-oaj 

12 03 

11-46 

Ferrous oxide . 


8-00 

6-56 

400 

Manganous oxide 


4212 

41-76 

4912 

Loss by ignition 

• 

94-86 

115 

9881 

103-42 


Hence Rammelsberg dodgees tho formula 

2(Mn ; Fe)"S . 3[2(Mn ; Fo)"0.2Si0 2 + 2G"O.SiO J ] 
which is reducible to the form of an orthosilicate united with a protosulphide, 

3M<SiO\2M 2 S. 


Helvin affords the only known example of a native compound of a silicate with a 
sulphide. It is found in tho gneiss of Sell warzen berg, in Saxony, associated with 
garnet, quartz, flints, and ealespar: at Ifroitenbrunn, in Saxony; and on the Ilortc- 
kalle, a mountain in the Liesthal, near Dram men, in Norway. 

BBMIBBOMHTDBIN. See Bkomhydkins. 


BEMZBEDRT. See Cn y sta lloo ha pii y (ii. 121, 128, 136, 140, 150, 166). 

BEMnOOOBS SERIES A name applied by Sc hi el (Zeitschr, Ch, Pharm. 
18G0, p. 44) to series of organic compounds, the terms of which differ from ( no another 
by nCTI. 


HEM1MORPBZSM. Hemimorphous crystals, according to most authors, aro 
those which are unsymmetrically terminated at the two ends of the principal axis, 
e. g. Biliceous calamine (i. 714), sulphate of magnesium (ii. 150). Laurent, how- 
ever (Compt. chim. 1849, p. 269), applied the same term to bodies which are similar, 
or to a certain extent analogous, in composition ( (Tune certaine tmahwie dans leur 
composition ), and crystallise in forma (belonging to the same or to ^ilfalkltiysteins) 
m which some of the dihedral angles are nearly equal, whUriMte^Slfi' ; ire very 
unequal ' 


SyD. with SmcBors Calamine (i. 714). ^ jjL 

IPIHIC ACID. C>*H»*0*. (Wohler [1844], Ann. Ch. Pharm. 07^ 
"lyth, ibid. 1. 36 and 43. — Anderson, ibid. Ixxxvi. 194. — Matthiessen and 
Foster, Proc. Roy. Soc. xi. 58 ; further, Phil. Trans. 1863 ; Chem. Soc. J. xv. 346.)— 
This acid ia produced : 1. By the oxidation of opianic acid: C ,0 H’*O* + O — C’^H^O*, 
which may be effected by the action of peroxide of lead and sulphuric acid (Wohler), 
or of aqueous dichloride of platinum (Bl^th). — 2. By tho oxidation of narcotine with 
ouute nitric acid (Anderson), or with peroxide of lead and sulphuric acid, or per-, 
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oxide of manganese and hydrochloric acid (Wohler), or with excess of aqueous 
dichloride of platinum (Bly th), In these reactions, the narcotine is first converted 
into opianic acid, which then suffers further decomposition. — 3. Together with meconin, 
by the decomposition of opianic acid under the influence of caustic potash(Mat thicssen 
and Foster): 

2C ,0 H" , O 5 « C'«H ,0 O« + C lo H lo O® 

Opianic acid. Meconin. Hemipinic acid. 

Preparation. — 1. Opianic acid is heated to the boiling point with water and per- 
oxide of lead ; dilute sulphuric acid is added drop by drop till carbonic acid begins to 
escape ; the liquid is left to cool partially ; sulphuric acid is then addod by drops till 
all the lead is precipitated, and the filtrate is evaporated to the crystallising point. 
The first ciystals are sometimes mixed with unaltered opianic acid, but are easily 
purified from it by their much greater solubility in water (Wohler). — 2. The mother- 
liquor resulting from the action of dilute nitric acid upon narcotino ( q.v.) } after the 
separation of meconin, cotarnine and opianic acid, contains hemipinic acid, which may 
bo obtained by precipitating this mother-liquor with acetate of lead, and decomposing 
the precipitate with sulphydric acid. (Anderson.) 

3. Opianic acid is mixed with a large excess of potash-ley ; the liquid is evaporated 
nearly to dryness ; and the resulting alkaline mass, consisting of meconin and hemipinate 
of potassium, is dissolved in a moderate quantity of warm water, and mixed with excess 
of hydrochloric acid, whereby the meconin is separated as an oil, carrying down with 
it the greater part of the hemipinic acid. The acidified liquid, when quite cold, is 
poured off from the solid cake of meconin and hemipinic acid formed at the bottom, 
and evaporated to a small bulk, so as to separato the greater part of the chloride of 
potassium ; this salt is washed with alcohol ; the alcoholic washings are mixed with 
the concentrated mother-liquor ; and the fresh quantity of chloride of potassium thus 
precipitated is removed by filtration or decantation. The clear liquid is eva- 
porated nearly to dryness over the water-bath ; the residue thus obtained is 
again treated with alcohol to separate tho last portions of chloride of potas- 
sium; and thft alcoholic solution is filtered and evaporated. On dissolving the 
product of theso operations, together with the original precipitate of meconin and 
hemipinic acid, in boiling water, and rendering the solution slightly alkaline by 
ammonia, nearly all the meconin crystallises out as the solution cools, while hemipinato 
of ammonium remains in solution, together with a small quantity of meconin. For 
complete purification, the solution of the ammonium-salt is precipitated by acetate of 
lead, and the hemipinate of lead, after thorough washing, is decomposed under water 
by sulphydric acid (Matt hies sen and Foster). This mode of preparation is pre- 
ferable to the oxidation process ; because in the latter it is difficult to arrest the action 
at the right point, so that there is always a risk, either of leaving opianic acid undecom- 
posed, or of losing a portion of the hemipinic acid by further oxidation. (See below.) 

Properties. — Hemipinic acid crystallises in colourless oblique rhombic prisms 
(Wohler), or large flat rhomboliedrons (Blytli). It has a slightly acid astringent 
taste, and a strong acid reaction. It dissolves with difficulty in cold water , more easily 
in alcohol and in ether , The crystals effloresce in the air, and give off 13*73 per cent. 

( =* 2 at.) water at 100° C. At 180° it melts, and solidifies to a crystalline mass on 
cooling. Heated between two watch-glasses, it sublimes in shining laminae like 
benzoic acid. 

Decompositions. — Hemipinic acid burns with a bright flame. Heated with peroxide 
of lead and sulphuric acid , it appears to be completely resolved into water and carbonic 
anhydride (Wohler); distilled with excess of concentrated hydriodiy acid, it is com- 
pletely resolved into carbonic anhydride, iodide of methyl, oAd hypogallic acid 

(M&ttliieesen and Foster) : 

C ,# H ,0 O # + 2HI = CHTO 4 -t- 2CH*I + G® 

Hunujiinic Hypogallic Iodide of 

acid. acid. methyl. 

Heated with two or three times its weight of strong hydrochloric acid — either in a 
sealed tube about 110°, or in an open vessel connected with a condenser, in such 
a manner that the condensed vapour flows back into the mixture, and with an appa- 
ratus for evolving hydrochloric acid gas, so* that the liquid can be kept constantly 
saturated with acid, it is resolved into carbonic anhydride, chloride of methyl, and an 
acid having the composition C*H"0‘, homologous, therefore, with hypogallic acid: 

C'WO* + IIC1 =» CO* + CH*C1 + C*H*0*. 

This acid (not yet named) crystallises in long transparent prisms, nearly insoluble in cold 
water, not much more soluble in boiling water, more easily soluble in alcohol and ether. 
When heated, it begins. to sublimo without decomposition at about 200° C. t and bean 
a tomperatur© of more than 245° without alteration, but at a still higher temperature ’ 
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it melts, and solidifies to a crystalline mass on cooling. It dissolves in' strong sul- 
phuric acid, and crystallises unchanged from a warm saturated solution ; a cold solu- 
tion is not precipitated by water. It gives no coloration with ferric chloride ; with 
nitrate of silver it forms a white precipitate, which blackens on boiling. (Mat- 
thiessen and Foster.) 

When the mother-liquor from which this acid has crystallised is subjected to the 
prolonged action of hydrochloric acid, bypogallic acid appears to be formed. (Mat- 
thiessen and Foster.) 

Hemipinates . — Hemipinic acid is dibasic, its normal salts being represented by 
the formula C l0 II 8 M*O 6 . It is distinguished from opianic acid by forming insoluble 
salts with lead , silver , and iron. The ammonium- salt forms crystals permanent in 
the air. 

The neutral potassium-salt is very soluble and difficult to crystallise. 

The acid potassium- sal t t C l0 H 9 KO 9 . | IPO, forma large hexagonal tables, easily 
soluble in water and alcohol, insoluble in ether. It gives off its water at 100°. 

Barium-salt. — When a solution of hemipinic acid is neutralised with baryta-water, 
or when solutions of hemipinate of ammonium and chloride of barium are mixed to- 
gether, the liquid remains clear for a long while if left to itself; but on tailing it for 
a short time, small, shining crystalline plates of hemipinate of barium are precipitated, 
and soon fill the liquid, provided tho solutions used were not too dilute. The liquid 
on cooling redissolves this precipitate, and becomes almost or quite clear; but after 
standing for a few hours, or for a day or two, it again deposits hemipinate of barium, 
but tills timo in feathery tufts of very small silky needles ; if the liquid be now uguin 
heated, these feathery crystals redissolve, and the crystalline plates again make their 
uppearance. This reaction affords the means of recognising hemipinic acid, even when 
present in small quantity only. (Matthiesscn and Foster.) 

Ferric hemipinate is a precipitate of a fine orange-yellow colour (Bly th). The 
lead-salt is a whito precipitate insoluble in water, but solublo in aqueous acetate of 
lead, whence it separates in transparent nodules (W oh le r). Tho silver-salt t CMPAg’^O 4 , 
hs a white precipitate insoluble in water. r 

Ethyl- hemipinic acid y C ,0 II°(C ? II ft )O B . jlt 2 0, is obtained by passing hydro- 
chloric acid gas into a solution of hemipinic acid in ubsolute alcohol. It crystallise# 
in bulky needles, which give off their water (9 6 per cent.) at 100°. It has a strong 
acid reaction, is very slightly soluble in cold water, Father more in boiling water. Tho 
aqueous solution precipitates ferric salts, but not lead- or silver-salts. Tho ethyl- 
hem ipinates aro difficult to purify. Tho barium-salt forms needles grouped in tufts. 
(Anderson.) 

HEPATIN, Syn. with Glycogen (ii. 900). 

HEPATITE. A variety of heavy spar containing bituminous matter, and 
distinguished by tho hepatic odour which it emits when rubbed or struck. 

HBPTVL. C 7 H l \ Oenavthyl . — The radicle, not yet isolated, of heptylic or 

trimnthylic alcohol and its derivatives. 

HBPTTX. ACETATE OP. C’H»0 J = (Bouia mill Car let, 

Compt. rend. Iv. 140; Ann. Ch. Phartn. exxiv. 363. — Schorlemmer, Chem. Soc. J. 
xvi, 217).— -This compound is obtained : — 1. By heating cenanthol (heptylic aldehyde, 
CTI M 0) i with zinc and glacial acetic acid. The nascent hydrogen thereby liberated 
unites with the cenanthol, formingheptylic alcohol ; and this, with the excess of acetic acid 
forms acetate of heptyl. On washing tho product with water, and agitating it with acid 
sulphite of sodium, to remove undecomposed cenanthol, tho acetate of heptyl is 
obtained as an oil floating on tho surface (Bonis and Carlet). — 2. By decomposing 
chloride of heptyl with acetate of potassium. The two substances, mixed with glacial 
acet ic acid, are heated in sealed tubes to 160° — 160° C., for twelve hours. The products 
of the reaction are chloride of potassium, acetate of heptyl, and heptylene. On diluting 
the contents of the tubes with water, drying the light oily liquid which separates with 
chloride of calcium, and subjecting it to fractional distillation, the heptylenc, which 
tails at 95 D , is easily separated from the acetate of heptyl, the boiling point of which 
is much higher (Schorlemmer). Alcohol maybe used in the preparation instead 
of glacial acetic acid, but it is less convenient, as the last portions of the chloride are 
then very slow to decompose, requiring a heat of 200° continued for several days. 

(Schorlemmer.) 

Acetate of heptyl is a colourless oily liquid, fighter than water, having an agreeable 
°? our * boiling at 180° (Bouis and Carlet), between 179° and 181° 
‘Schorlemmer), which is about 10° higher than it should be according to Kopp’i 
“ f (P* 90). It contains, according to the mean of , Schorlemmer V analyses, 68*18 per 
•eat. carbon, and 11*64 hydrogen, the formula requiring 68*35 carbon and 11*39 
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hydrogen. — By distillation with potash-ley, it yields acetate of potassium and heptylie 
alcohol. 

BBFTTXi, BROMCEDZS Or. This compound is slowly produced, with evolution 
of hydrobromic acid, when bromine is added to hydride of heptyl, and the mixture is 
either exposed to sunshine or heated in sealed tubes to 100°; the action maybe 
quickened by adding a little iodine. On distilling the product, a large quantity of un- 
aecomposed hydride passes over first, and, as soon as the temperature rises to 1 10°, the 
residue begins to decompose and blacken. (Schorlemmer, loc , cit .) 

HSPTYL, CHLORIDE O T. C*H ,4 CL (Peterson, Ann. Oh. Pharm. cxviii. 74. 
— Schorlemmer, Chcm.Soc. J.xv.423; xvi, 217, 426).— Obtained: — 1. By the action 
of pentachloride of phosphorus on heptylie alcohol, and purified by washing and distilla- 
tion in the usual way (Petersen). — 2. By the action of chlorine, or better of chloride of 
iodine, on hydride of heptyl. Chlorine gas is passed, not in excess, into a solution of 
iodine in hydride of heptyl; the unattacked portion of the hydride is then distilled off, 
and the chloride of heptyl is separated by fractional distillation from the portion boiling 
between 140° and 160° (Schorlemmer). — 3. In like manner, from ethyl-amy! 
(CPH*, C 3 H n ), which is isomeric with hydride of heptyl. The product yields, by frac- 
tional distillation, two liquids of constant boiling point, viz., chloride of heptyl, and 
monochlorinated chloride of heptyl, which are easily separated by distillation, as theii 
boiling points differ by 40°. (Schorlemmer, Chem. Soe. J. xvi. 426.) 

Chloride of heptyl is a colourless liquid, having an agreeable fruity odour, and burn- 
ing with a smoky green- bordered flame. Specific gravity 0801 at 19°. (Schorlem mer); 
0-9983 at 55° (Pc ter sen). Boiling point of the chloride obtained from castor-oil alcohol 
*=175° (Petersen); of that obtained from hydride of heptyl or from ethyl-amyl 

150° (Schorlemmer). This difference seems to point to the existence of two isomeric 
modifications of chloride of heptyl. Neither boiling point agreos very well with that 
calculated according to Kopp’s law (p. 91) : for the average difference for homolo- 
gous chlorides of the alcohol-radicles, is about 30°, chloride of ethyl boiling 

at 11°, and chloride of amyl at 101° : hence chloride of heptyl should boil at about 
161°. 

Chloride of heptyl contains, according to Petersen’s analyses, from 61-68 to 62*25 
percent, carbon, 11*01 to 11*28 hydrogen, .and 26*4G chlorine, the formula requiring 
62 46 C, 11*16 II, and 26*36 Cl. It is insoluble in water , but dissolves easily in alcohol 
and ether . Heated in a sealed tube with acetate of potassium and alcohol or glacial 
acetic acid, it yields acetate of heptyl (p. 141) ; and when heated in like manner witli 
alcoholic sulpkydrate of potassium, it yields sulpliydrate of heptyl. It is scarcely acted 
upon by strong potash-ley, even when heated with it in sealed tubes to 180° for several 
days, only a small quantity of heptylene being formed, and not a trace of heptylie 
alcohol. (Schorlemmer.) 

Monochlorinated Chloride of Heptyl, C 7 TI U C1 . Cl, isomeric, if not- identical, with 
chloride of heptylene, C 7 H M CP, is obtained, together with chloride of heptyl, by 
the action of chloride of iodine on ethyl-amyl (see above). It boils at 190°, and gives 
by analysis 41*85 per cent, chlorine, the formula requiring 42 01. (Schorlemmer ) 

rums ) v 

HEPTYL, HYDRATE O*. C 7 H lc O " O. Heptylie or Ocnanthylic alco- 
hol.—-' This alcohol occurs, together with others, in the fusel-oil from the brandy 
distilled from marc of grapes (Weintrebcr -fusel til). The portion of this liquid 

boiling above 133° C. contains several alcohols of the scries OH 7n+2 0, higher than 
Rinylic alcohol ; and by subjecting it to repeated fractional distillation, a portion may 
bo obtained which boils betweeu 155° and 160°, and exhibits the, composition and 
reactions of heptylie alcohol. (Faget, Bull. Soc. China, de Pari* 1862, p. 59 ; Ann. 
Ch. Pharm. exxiv. 355.) 

Heptylie alcohol is likewise obtained: — 1. Bv the action of Accent hydrogen on 
oenanthol, C 7 II"0 (Bouis and Carlet). The mnanthol is tsSuied with zinc and 
glacial acetic acid, as already described (p. 143), and the resulting acetate of heptyl, 
distilled with potash, yields the alcohol. — 2. From hydride of heptyl, that compound 
being first converted into chloride, the chloride into acetate, and the acetate into the 
alcohol by distillation with pot ash. (Schorlemmer.) ' 

., 3 V®y. Stilling ricinoloato of potassium or sodium with excess of the caustic 
alkah (l. 98). When castor^-oil is saponified with potash and the resulting soap 
(neinoleate of potassium) is distilled with excess of solid potash, hydrogen is evolved, 
and an oily liquid passes over, containing an alcohol, or perhaps two, homologous 
with ethylic alcohol, together with an aldehyde or an acetone, while sebate of potas- 
sium remains in the retort. Bouis, who first observed this reaction, originally 
regarded the volatile oily product as octylic or capryiic ‘alcohol (Compt rend. xxxiil 
144; Ann. Ch. Pharm. Ixxx. 304). Soon afterwards (Institute 1851, p. 258; Aubl 
Ch. Pharm. lxxx. 306) he pronouuced it to be feptylic alcohol ; but ultimately (Compt. 
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rend. xxxviii 935 ; xli. 603 ; Ana. Ch. Pharm. xdi. 395 ; xcvii. 34 ; in detail, Ann. 
Ch. Phys. [ 3 ] xliv. 77 ; xlviii. 99), after having succeeded in purifying the alcohol 
more completely than before, he returned to his first opinion, which was corrobo- 
rated by the analysis of several derivatives of the alcohol by himself, and also by 
Moschnin (Ann. Ch. Pharm. lxxxvii. Ill), Squire (Chem. Soc. Qu. J. vii. 108), and 
Cahours (Ann. Ch. Pharm. xeii. 399). — On the other hand, Railton (Chem. Soc. 
Qu. J.vi. 205), from a determination of the vapour-density, and Wills {ibid. 307), 
from an analysis of the alcohol, and from the examination of some of its compound 
ethers, concluded that it is heptylic alcohol. Somewhat later, Limpricht (Ann. 
Ch. Pharm. xciii. 242) showed that the oily distillate obtained as above contains a 
considerable quantity of a liquid which forms a crystalline compound with acid sul- 
phite of sodium ; and by distilling this compound with excess of caustic alkali, he 
obtained a liquid having the composition of octylic or caprylic aldehyde, C*H'*0, 
which he accordingly regarded as the chief product of the distillation of ricinoleic acid 
with excess of potash. According to St adder, however (J. pr. Chem. lxii. 241; 
Jahresbcr. 1857, p. 361), the compound C R li t6 0 is not eaprylic aldehyde, but th« 
isomeric compound, methyl-cenanthyl, CH*.C 7 H ,$ 0, belonging to the class of acetones 
(i. 31), and its formation takes place simultaneously with that of heptylic alcohol, 
in the manner shown by the equations : 


C ,s H s4 0* + 2KHO 

Itlcfnoleic 

acid. 


CIF. C 7 H ,s O + 

Methyl- 
cenanthj 1. 


C i 0 II ,e K a O 4 

Sebate of 
potassium . 


+ 


2H» 


C i# H ,4 0* + 2KHO 

Ricinoleic 

acid. 


c 7 ir*o 

Heptylic 

alcohol. 


+ C , 0 H ,a R*O 4 

Sebate of 
potassium. 


CH 4 

Marsh 

gas. 


The evolution of marsh gas, which the latter equation supposes, has not, however, 
been observed : the gas evolved appears to be in all cases pure hydrogen. St adder's 
analysis of the alcohol agrees very closely with the formula of heptylic alcohol. Similar 
results have been obtained by Pe t ers e n (Ann. Ch. Pharm. cxvii. 69), who analysed the 
alcohol after carefully freeing it from methyl-cenanthyl, and also some of its derivatives, 
all of which gave results agreeing with the 7-carbon formulae. On the other hand, 
Dachauer (Ann. Ch. Pharm. cvi. 269), from his analyses of the careful ly-purifled 
alcohol and several of its derivatives, has come to the conclusion that the volatile 
products of the reaction are methyl-oenanthyl and octylic alcohol, the formation of the 
latter differing from that of the former, only by the evolution of 2 at. hydrogen instead 
of four: 


C"*H 34 0 # + 2KIIO = C»H ,9 0 + C ,0 ir ,a K*O 4 + IP 

R '“ Octyltc alcohol. ““S* 

From these various statements it appears probable that both heptylic and octylic 
alcohol may be produced in this reaction. It must bo observed, however, that the 
percentage of carbon in the two alcohols differs by only 14 per cent., and that the 
percentage of carbon in heptylic alcohol (72 4) might easily be raised to that of 
octylic alcohol (73 8) bv the admixture of a certain quantity of methyl-cennnthyl, 
which contains more carbon than either of them (75 0 per cent.), and is very difficult 
to fw^parate from the alcohol It is possible, therefore, that the alcohol obtained may 
be in all cases the heptylic, but that some chemists who have analysed it have not 
succeeded in completely removing the methyl-cenanthyl. On the other hand, assuming 
tue received formula of ricinoleic acid to be correct (and it is confirmed by Petersen's 
analyses, loc. cit .), the formation of the 7-carbon alcohol, together with Bebacic acid, 
does not account for the whole of the carbon, unless we suppose marsh gas to be 
evolved, which has not been observed by any one. The subject, therefore, requires 
further investigation. 

f P r <'P ar «tt(m of Heptylic alcohol from Castor -oil .—The oil is saponified with caustic 
7" 'iii t ^ e ricinoieate of sodium, separated in the usual way by common salt., is 
< stilled by small portions with excess of caustic soda, as long as the distillate continues 
u pass over colourless. The portion collected between 170° and 180° is rectified over 
m potash, washed, and shaken np with a concentrated solution of acid sulphite of 
ium » the thick pulp which forms after a while is separated from fhe mother- 
"£ or # preying it and transferring it to a moist filter. The whole mass is then 
-pcatedly agitated with ether, in which the alcohol is soluble, but the compound of 
ic acetone with the alkaline sulphite is insoluble. The ethereal solution is then filtered 
. , e amoved by distillation, the residual oil again mixed with strong solution 
fromti ®<jdium, and set aside for several days ; the watery liquid again separated 

and k*® now twonie gelatinous ; this mass is exhausted with ether; 

•ulnhitl^ obtained from this ethereal solution is again treated several times with 
Vol li p * odm,n » ultimately left^u contact with it for several weeks, er as long 




Wills. 

Si'adcler, 

mean. 

72*33 

13*55 

14*12 

Petersen. 

Faget. 

Schorlemmer, 

mean. 

72*79 

13*67 

13*54 

72*21 

13*99 

13*80 

72*43 

13*84 

13*73 

72*25 

14*24 

13 61 

10000 

10000 

100*00 

100*00 

100*00 


er), 17»v> t-refc erBOU /» * , v , i * j • j- * 

lk'vwci-u *. « “* — - ■ • . -v, ,v mu oflA ^iflFflrpncos as with the chloride, indicate the 
between 155° and 160° (h aget). T T1 calculated boiling point, according 

calculation and by analysis : 

Calculation. 

C 7 84 72*4 

H‘ a 16 13*8 

° 16 138 

C 7 li“0 116 100*0 - 

rigsg»S32!&&$^l 

is- converted mtocenanthylic ac^d , C ^*^1* w ith iodine and phosphorus, 
Skw1.4,tyi ^(Schorl ommer^.I^ With sulphuric acid, it forms heptyl-sulphuric 
acid, C 7 H ,a SO* (^ed:^son). — 07j£i« w c 7 H 15 H. — This compound occurs, together 

Compt rend. lvi. 50 o Ann. Gh. ^harm. cxxvi j ^ . 216) and in the light oil obtained 
Soc. Manchester, March 13, 186 3 , . c. y v 493 V it is also pro- 

Ch l. ^Rootiflec^America'n ) potroleum may be separated by ftactiomd toHjtatUm into 

some time between 90° and 96 , and if the po: r 1 5jj?tifiecL the quantity 

these temperatures be collected apart and agau* cawMh JW^fied,Jhe ^ 7 
of material being somewhat considerable, a product y washing ’with (£ute 

acation by shaking it up wkh very concentrated : “ l ^5T£t5een 92° and 
carbonate of sodium, and dehydration with chlonde of calcium, boils between ^ 

94°: thk is hydride of heptyl. (Pelouze and Cahours ) temwra ture as 

^iSSS tite^d» a^Mume 
&m,^oSngtf b~3^ 

Kftnaratioh of these compounds occurs The portion unacted upon by the nitric acia 
then washed with water, dried over potash, end repeated^ recttfl^ove^ di “g- #l 

liquid thus obtained yields by fractional distillation, hydnde of amyl t th, *’• • 
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S9° — 40° C, hydride of hexyl at 99° — 70° hydride of heptyl at 98® — 99°, and 
hydride of octyl at 119® — 120®. (Schorlemmer.) 

3. The distillate obtained by heating amylic aleonol with chloride of sino consists 
of amylene and compounds polymeric with it, together with hydride of amyl, and 
smaller quantities of the hydrides of hexyl, heptyl, &c., up to Heptylene and 

hydride of heptyl are contained in the portion of the distillate boiling between 84° 
and 95°, and may be separated by converting the heptylene into a bromide and distil- 
ling, the hydride of heptyl then passing over first- (Wurtz.) 

Hydride of heptyl is a thin mobile liquid, having a faint but pleasant odour, and 
burning with a slightly smoky flame. Specific gravity 0*7122 at 16° ; 0709 at 17*6° 
(Schorlemmer). Boils at 98° — 99° (Schorlemmer), at 92° — 94° (Pelouze and 
Cahours). Vapouisdensity by experiment, 3-49 — 3*59 (Schorlemmer), 3*616 
(Pelouze and Cahours); by calculation (2 vol.) =• 3*46. It gives by analysis 83*93 
and 84*0 percent, carbon, 16*13 and 16*1 hydrogen, the formula requiring 84 C and 16 H 
(Schorlemmer). By chlorine, and more quickly by chloride of iodine , it is converted 
into chloride of heptyl. Chlorine passed into hydride of heptyl forms, besides chloride 
of heptyl, small quantities of some other chlorine-compounds, which, when distilled 
with sodium, yield a liquid boiling at 96° — 100°, and having the odour and composition 
of heptylene (Schorlem m er, Chem. Soc. J. xv. 424). With bromine, hydride of heptyl 
appears to yield bromide of heptyl (p. 144). 

HSPTTL, X02>X2>S OF, C 7 H ,S I. — Obtained by the action of iodine and phos- 
phorus on heptylic alcohol (Schorlemmer, Chem. Soc. J. xvi. 219. — Petorsen, 
Ann. Ch. Pharin. cxviii. 74). It is a colourless liquid, heavier than water, quickly 
turning brown in contact with the air, boiling at 190° (Schorlemmer), 192° 
(Petersen). Composition by analysis, 37*19 per cent. C, 6*73 II, and 66*18 I; by calcu- 
lation, 37*17 C, 6*64 II, and 66*19 I. It is instantly decomposed by alcoholic nitrate of 
silver, the whole of the iodine being separated as iodide of silver. (Schorlemmer.) 

BEPTT1, 8VUBTBRATB OF. C 7 H ,ft So. C y H M .H.S.— Obtained by heating 
chloride of heptyl with alcoholic sulphydrate of potassium in a sealed tube. Colour- 
less liquid, boiling between 165° and 168°, haring a mercaptan-like, as well as aromatic, 
odour, and exhibiting all the characteristic reactions of the mercaptans. (Schorlemmer.) 

HEPTYLAMINS. C 7 H ,T N =» N.IP.C 7 H 16 . — Obtained: 1. By saturating iodide 
of heptyl with ammohia, heating the solution in the oil-batb, and removing the iodine 
with oxide of silver (Petersen, loc. cit.). — 2. By heating chloride of heptyl with 
ammonia in sealed tubes to 120° for several days. The chlorides of the different 
heptyl-ammoniums are then formed, but chiefly chloride of heptyl-ammonium, C T H ,B CL 
This salt dissolves easily in water and alcohol, and crystallises in small scales. When 
distilled with caustic potash, it yields heptylamine, as a light oily liquid, having an 
aramoniacal aromatic odour, a burning taste, and boiling at 146° — 147 . It is mode- 
rately soluble in water, and separates out again on addition of caustic potash. 
(Schorlemmer, Chem. Soc. J. xvi. 221.) 

The platinum-salt, 2C 7 H 18 NCl.PtCl*, is slightly soluble in cold water, freely soluble 
in hot water, also in alcohol and ether, crystallising from these solutions in small 
yellow scales. Gives by analysis 30*7 per cent platinum (Schorlemmer); 30*9 
(Petersen); calc. 30*79. 

HEPTT1AMYLIC ETBES. C ,z H*0 - C r H , \C 5 H ,, .0. Amyl&nanthylia ether. 
Produced by the action of heptvlate of sodium on an equivalent quantity of iodide 
of amyl, and obtained, though witn some difficulty, by submitting the product to frac- 
tional distillation, as a colourless mobile liquid, boiling between 220° and 221°. 
Specific gravity = 0*608 at 20°. Vapour-density: obs. ■» 6*67; calc. (2 vole.) *» 6*46. 
Analysis 77*0 percent. C, and 13-8 if. Calculated composition, 77*4 C, 14*0 H, and 
86 O. (Wills, Chem. Soc. J, vi. 316.) 

* UBVI. C 7 H N . Ocnanthylene. — This hydrocarbon, homologous and po- 
lymeric with ethylene, is contained, together with others of the series OH*“, and 
Y® J ^ a ^hona belonging to the series C"H* ft, *' s and OH 2 "- - , in the light oil obtained by 
the distillation of Boghead coal. By treating this oil with bromine in presence of 
r a ^ r ’ t ^ ie hydrocarbons C*H ?a are converted into heavy oily bromides, wliiia4he other 
hydrocarbons remain unaltered and may be distilled off. The remaining liquid 
*'Tf rate *> on standing, into three layers, the upper consisting of water with a little ny- 
uro bromic acid, the middle of the organic bromides, and the lowest of aqueous hydro- 
jmmic acid. The middle layer separated and distilled with alcoholic potash and with 
•ooium, yields the hydrocarbons C 8 H , • The brominated oils obtained from the fractions 
®fdheoriginal coal-oil which boiled between 71°and 77° and between 82° and 88°, yielded 
JJ^Psrtjvely hexylene boiling at 71°and heptylene boiling at 99°(Greville Williams, 
Trans. 1867 [3] 737 ; Ann. Ch. Pharm. cviii. 384). Heptylene is likewise 
ained; — 1. IJy decomposing chloride of heptylene with sodium at a gentle heal. 

l 2 
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Fharm. clll- 80). P J j nroduced in addition to chloride of heptyl, by the 

dium the chlorinated c ,°Xa ” of CntvUp! l44), probably also resulted from the 
action of chlorine o y j t I ne P _£ 2. ^By distilling heptylic alcohol with chloride 
" = and Carlet). — -3. By heating chloride of 

ofmne. O H O notash to 180° in sealed tubes for several days 

JsfhorlTmmer p S 144).-Bouis, in 1855, by distilling cenanthol with strong sul- 
\ V s . • j rthtairipd a hydrocarbon agreeing in composition with the empirical 

& A" CH^and^posefby hfm to be butylene; but, as it boiled at 
60° it was probably either a lower member of the senes, or a mixture 

Heptylene is a colourless mobile liquid, having a peculiar alliaceous odour ; soluble n 
alcohol. 7 Boils at 95° (Schorlemmer), at 99' (Gr. Williams). Specific gravity 
0-718 at 18° (Williams). Vapour-density, obs. =• 3-320 (Williams) ; calc. (2 vol.) 

" 3 '. 38fl ' Calculation. Llmprlcht. Schorlemmer. 

(11 84 85 71 85-9 856 85-66 

H>< 14 14-29 14 1 14-6 14d)0 

(-ujpTT §8~ 100-00 100*0 100-2 99*66 

Bromide of Heptylene. C 5 * * H"Bri.— Obtained by direct combination. It is a liquid, 
heavier than water, which decomposes on distillation, with blackening and evolution of 
hydrobromic acid, but volatilises in presence of aqueous vapour condensing as a nearly 
colourless liquid having the odour of bromide of ethylene. Gives by analysis 62 26 

and 62-23 bromine, the formula requiring 62 01. (Schorlemmer.) 

Chloride of Heptylene. C’II' 'Cl*.— Produced by the action of pentachlorideof 
phosphorus on cenanthol. When 1 at. cenanthol is gradually allowed to flow into 1 at 
pentachloride of phosphorus contained in a tubulated retort, great heat is evolved, and 
a portion of the resulting oxychloride of phosphorus distils over immediately. As soon 
as P tho decomposition of the pentachloride is complete, the liquid is subjected to 
fractional distillation, the portion which boils above 150° being collected apart as long 
as it passes over colourless ; in the retort there remains a small quantity of »kw» 
thick liquid The last distillate is washed with water to remove adhering oxjchlond 
of phosphorus; and the oil which floats on the water is shaken up with acid sulphite of 
sodium to remove undccomposed cenanthol, then dried with chloride of calcium and 
rectified, the portion which boils between 180° and 200° being collected apart, on 
again rectifying this portion, pure chloride of heptyleno passes over at 187 . 

Chloride of heptylene is a transparent, colourless, mobile liquid, lighter 
having a not unpleasant odour, like that of cenanthoh It boils at 191° (corrected). 
Gives by analysis'48-85 per cent. C, 8-90 H, and 42 06 Cl ; the formula requiring 49 4 C, 

8 \Vhen gently heated with sodium, it is decomposed with violence, yielding heptylene 

and chloride of sodium.-Boiled for some time with ethylate of sodium or a lcohri.o 

solution of potash, it is resolved into hydrochloric acid, chlorheptylene, C H Cl, and a 

hydrocarbon, probably C T H 12 * : 

C 7 H H C1* - Ha = C 7 H 1S C1 ; and C 7 H 14 C1 3 - 2HC1 = OH 12 

It is not perceptibly decomposed by acetate of silver, even when continuously Med 
with it, or heated to 250° in sealed tubes. (Limpncht Ann J3i.Pharm. cn-80.) 

Ctolorbeptylene. C’H»C1.— Obtained by the action cf alcohohcpotash or 

ethylate of sodium on chloride of heptylene. A very concontfed .^w^ti^ithe 
of potash is distilled upwards with chloride of heptylene for ^nsiderable time the 
decomposition of 1 5 grammesof the chloride takes about a week) ;-~or chloride of heptylene 
»nd ethylate of sodium are heated together in a sealed tube to 260° The liquid obtained 
by either process is diluted with water, which separates impure chlorheptylene ; and 1 ttas 
crude product is dried by means of chloride of calcium and then subjected to 
fractional distillation. It begins to boil at 100°, the boiling point jdowlj ;™mg to 
150°, where it remains constant for a while and ultimately rises to ^190 . ,j h6 Al J. o0 
which passes over below 100° is a hydrocarbon {see below) ; that which distils at lol 
is chlorheptylene, and above that temperature the product consists chiefly of undecom- 
posed chloride of heptylene. The complete separation of these liquids can only be 
effected by repeated rectification. 
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Sodium remains unaltered in chlorheptylene at ordinary temperatures ; but on heating 
the liquid, a violent action suddenly takes place, chloride of sodium beiig formed, 
together with a hydrocarbon, probably C’H 12 . — The same hydrocarbon appears to be 
produced by the action of alcoholic potash on chloride of heptylene (see above). 
(Limpricht, Ann. Ch. Pharm. cii. 8 Z) 

Hjdriodate of Heptylene. C T H ,S I «= C*H M .HI. — Obtained by heating heptylene 
with bydriodic acid in sealed tubes to 100° for twelve hours. It closely resembles 
iodide of heptyl, but boils at about 170°, or 20° lower than the latter. It soon turns 
brown when exposed to the air. Precipitated by alcoholic nitrate of silver, it yielded 
a quantity of iodide of silver corresponding to 55*73 per cent, iodine (calc. 66*19); and 
the filtrate, on being mixed with water, yielded a small quantity of a fragrant liquid, 
which consisted wholly or in a great part of nitrate of heptylene, C 7 H M .NO*H, as on 
adding an alcoholic solution of potash, and heating gently, an abundant precipitate of 
nitrate of potassium was formed. (Schorlemmer, Chem. Soc. J. xvi. 220.) 

BSPTT1-BT HYLIC ETHER. C 8 H ; "0 « C 7 II J, .C‘H s .O. Ethyl-cenanthylie 
ether. (Wills, Chem. Soc. Qu. J. vi. 312 ;* Petersen, Ann. Ch. Pharm. cxviii. 75 ). — 
Prepared by the mutual action of iodide of ethyl and heptylato of sodium in equivalent 
proportions : 

C 7 H ,s NaO + C 2 IPI = Nal + C 7 R ,s .C 2 H\0. 


It is a colourless mobile liquid, having a faint odour, and burning with a bright flame ; 
insoluble in water, easily soluble in alcohol and ether. Boils at 177° (Wills). 
Specific gravity =. 0*791 at 16°. Vapour-density, obs. « 6*095 (Wills); calc. (2 vol.) 
» 4*99. 



Calculation. 

Will*. 

Petersen. 

c» 

108 

75*00 

75*16 

74*44 

II 20 

20 

13*88 

14*44 

14*40 

0 

16 

1112 

10*40 

1116 


144 

100*00 

100*00 

100*00 

heptylic aldehyde. 

Syn. with CEnanthol. 



HSPTTL-METHYLXC ETHER. C fl H ,s O = C 7 H ,4 .CH*.0. Methyl-etna 
thy lie ether, (Wills, Chem. Soc. J. vi. 314.) — Obtained by the action of iodide of 
methyl on heptylate of sodium. It is a thin mobile liquid, having a strong odour, 
insoluble in water, easily soluble in alcohol and in ether. Boiling point between 160*5° 
and 161°. Specific gravity » 0 830 at 16*5°. Vapour-density (obs.) about 4*2; calc. 
(2 vol.) = 4 5. A specimen not quite pure gave by analysis 7315 per cent. C, and 
14*09 II, the formula requiring 73*86 C and 13*85 H. 

(SOT) 

HSPTTL-8ULPHTTRXC ACID. COI^SO 1 - C 7 IP 4 t 0*. (Petersen, Ann. 

H j 

Ch. Pharm. cxviii. 72. — Bou is and Carlet, ibid, exxiv. 254.) — When 2 pts. of heptylic 
alcohol ore cautiously mixed with 1 pt. sulphuric acid, the mixture being kept cool 
so as to prevent the formation of sulphurous acid, the liquid ultimately separates into 
two layers, the upper of which contains heptyl-sulphuric acid. On neutralising it with 
carbonate, and at last very carefully with hydrate of barium, and concentrating at a 
gentle heat, heptyl-sulphate of barium separates in small, white, flexible, and generally 
scaly crystals, having a pearly lustre and bitter taste, very soluble in water, and not 
Precipitated from the aqueous solution by alcohol or ether. The solution decompose* 
by evaporation unless the temperature be kept very moderate. The dry salt is per- 
manent in the air, but, according to Petersen, begins to decompose at 80°, turning first 
red, then black, and emitting a very strong odour. According to Bouis and Carlet, on 
the other hand, it may be heated to 100° without decomposition. According to the mean 
results of Petersen’s analyses, the salt dried over oil of vitriol contains 30*97 percent. C, 
°'19 H, 25*10 Ba, and 11*73 S, agreeing nearly with the formula 2C T H‘ I BaSO i .H 2 0, 
which requires 30*83 C, 5*87 H, 25*14 Ba, 11*74 S, and 26*42 O. 

HEBAPATHITXL Syn. with Sulphate of Iodoquinme. (See Quorum) 

, An iron spinel, FeO.APO 1 » , Aufn! O 4 . Specific gravity 3*91 — 

3*95. (See Spinkl.) > > 


HERD ERITE. A very rare mineral, consisting of anhydrous phosphate of alumi- 
nium, and phosphate with fluoride of calcium ; not yet analysed quantitatively. The 
crystals are trimetric. Hardness = 6. Specific jgravity =* 2 * 985 . It resembles apatite 
m colour and lustre, but is distinguished by its lower specific gravity. Soluble in 
hydrochloric acid. Melts before the blowpipe to a white bead, with slight intumescence. 
(Dana, ii. 410.) 

| TPhe compound obtained by Willi is described pt. MS, voi.il. u oct jbethy lie ether i Sat tfce 
of evidence i« certain l j in favour of the I'lppofitioa that to contains heptyl, not octyl. 
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HEUMAWSITE— I 


See RsoDonim 

A mineral from Albamdon in Mexico, said br Herr*** /r 
Ohem. viii. 514) to contain 35-58 per cent, tellurium, 12 82 oxide of nickel and si pr ' 
t^oomci add, According to Gentli, however (ibid. hm. 475), it is a cupriferous ii5? 
wmtamng 93*74 per cent. ZnCO*, 342 CuCO # , 1*60 MnCO\ 1-48 CaCO* anH 
0 l 29MgCO\ 

tmrsfjjffELTTH. A miners! from Aei res/e and Am Castef/o in Sieify, having 

tie SSSia as linchsrnotomejp. 14), vkMWjUV’fBV+SBvJ 
M*(al'')’Si 4 O i2 .5H‘‘ l O, agreeing also in general formula with gmelinite (n. 924) excepting 
in the amount of water, and crystallising, like the latter, in the hexagonal system. 

Analyses 1 and 2 are of the mineral from Aci reale, by Damour (Ann. Ch. Fhys. [3] 
xiv 97) ■ 3 4 from Aci Castello, by v. Waltershausen ( Vulkanische Gesteme , p. 260) : 


L 

2 . 

3. 

4. 


Sio 3 

ai 2 o 3 

Fe 2 0 3 

CaO 

MgO 

Na 2 0 

K 2 0 

H»0. 

- 99*23 

4739 

20 90 


0-38 

' , 

8-33 

4'39 

17*84 

47*46 

2018 


0*25 


9*35 

4*17 

17*65 

=» 99*06 

45*89 

1820 

1*14 

4-84 

6-35 

5*72 

3*72 

17*86 

- 97*72 

47*03 

2021 

1*14 

4-66 

049 

4-82 

2*03 

17*86 

= 98*24 


These analyses lead to the formulae : 

Damour. 

|^°|s i01 .( A I 20, .3Si° 2 ) + 6 aq. 

According to v. Waltershausen, herscholite does not occur at Aci reale. 

H£8PERZBIW. A substance discovered by Lebreton (J. Pharm. xiv. 377), and 
contained in many fruits of the genus Citrus. It is most readily prepared from unripe 
Seville ©ranges, by removing the green rind and the inner part of the fruit, treating 
the white spongy inner coating with water at a temperature of 25 to 30°; concen- 
trating the liquid, neutralising it with lime-water, and evaporating to a syrup; treating 
the residue with alcohol of 40 per cent. ; then filtering, distilling off the alcohol, and 
agitating the bitter granular residue with 20 times its weight of distilled vinegar. 
T'he liquid on standing deposits hesperidin in warty masses, which may bo washed with 
water and recrystallised from boiling alcohol. 

Hesperidin thus purified forms white, silky laminae, inodorous, and having a bitter 
taste ; sparingly soluble in cold alcohol , very soluble in boiling alcohol, insoluble in 
ether ; dissolves in 60 pts. of boiling water , and separates again on cooling. The 
solutions are noutral to vegetable colours. It is soluble in warm concentrated acetic 
acid , insoluble in oils. 

Hesperidin is decomposed by prolonged boiling with water, and then floats on the 
surface like melted wax. It is readily dissolved by caustic alkalis. StroDg sulphuric 
acid dissolves it with orange-colour, gradually changing to red. Hot nitric acid con- 
verts it into oxalic acid and a bitter substance. The alcoholic solution is not precipi- 
tated by acetate of lead, but forms a brown precipitate with ferric sulphate . 

Wiedemaun has described, under the name hesperidin, a substance obtained from 
unripe oranges, differing from that above described in some respects, especially in not 
being soluble in alcohol. 

HS8SXTB. Telluric silver. (See Tellubtom.) 

HEBBONITE. Syn. with Essonitb (ii 507). 

BETBPOZITE. See Hetehositb. 

BBTfiROCLZNB or Marceline. A silicato of manganese^'&tfcurring at St. Marcel 
in Piedmont, in oblique rhombic prisms of 128° 16', and containing 10 76 per cent. 
SiO*, 85 87 M»*O s , 3*38 Fe*0*, 0 61 CaO, and 0*44 K*0« 100-30. (Evreinoff, 
Pogg. Ann. xlix. 204.) 

BETBBOKXBrrs. An altered form of idocrase from Slatoust in Siberia, con- 
taining, according to v. Hauer, 43 29 SiO*j 23*17 A1 2 0* ; 610 Fe*0*; 23*78 CaO, and 
3*05 MgO. Colour light green. 

B1TSBOMOB9B18M. The property, sometimes observed in compounds, of 
crystallising, in different forms, though containing equal numbers of atoms similarly 

grouped. Such is the case with sulphate of tine, J O 9 + 7H*0, and ferrous sulphate, 
7H*0 ; the former crystallising in the trimetric, the latter in the monodinic 


v. W al t ersh ausen. 

£CaO ) 

|Na* f Si0 2 .(Al 2 0*.3Si0 2 ) + 5 aq. 

Ik* 0 j 



^system. The cause of this difference in the examples just cited is probably th at the 
elements — iron ami zinc — are not isomorphous. 

SSTBBOMtOSLfttXTB. Feather ore.— A sulphantimonite of lead, Sb*S\2Pb8, 
which occurs in capillary forms resembling a cobweb; also massive. Specific gravity 
5*67 to 69. Hardness 1 to 3. Lustre dull metallic. Colour lead-grey to steel-grey, 
sometimes iridescent. It is found at Wolf berg in the Eastern H&rtz ; also at Andreas' 
berg and Clausthal ; at Freiberg and Schemnitz; in the Anhalt at Pfaffenberg a nd 
Meiseberg; and in Tuscany, near Bottino. (Dana, ii. 76-) 

BlTBBOSlTfi on Heteposite. A hydrated phosphate of iron and manganese, 
found near Limoges, in dark brown or black masses, containing, according to Dufr^noy’s 
analysis, 4177 p. c. FO 5 , 34*89 FeO, 17*57 MnO, 4*40 H*0, and 0*22 Si 0* (-98:86), 
whence Ramme 1 s b e rg (Mincralchemie, p. 331) deduces the formula 3(5M0.2P 2 0 4 ) or 

The same name is applied to an altered triphyllin from Chanteloub, Limoges, of 
brownish violet colour, specific gravity 3 41, and containing 32*18 p. c. P*0\ 31-46 
Fo 2 0\ 30-01 Mij’-'O*, and 6*35 water ( =* 100), whence the formula SAPO^l^O 4 + 6 aq, 
(It a mm els berg, loc. cit .) 

HEUIANDITE. Seo Stilbite. 

BEVECKTE. The least volatile part of tlio products of the dry distillation of 
caoutchouc and gutta percha. It is an oily hydrocarbon, of an amber-yellow colour, 
acrid taste, and specific gravity 0*921 at 21°. Boils at 315°. Mixes in all proportions 
with alcohol, other, and oils, both fat and volatile. It rapidly absorbs chlorine, and 
acquires thereby the consistence of wax. It is partly resinised by sulphuric neftd, and 
then converted into an oil which boils at 228°, and is not attacked by strong acids 
(Uouchardat, Ann. Ch. Phann. xxvii. 30). According to Greville Williams, it is 
probably polymeric with isoprene and cuoutchin (ii. 901). 

HEXACHXiORStYXiXir. A product of the action of chlorine on hydrate of 
phenyl. (See Phenyl.) 

HEltACBOLEZC ACID. C ,8 H 3l 0 8 . — An acid polymeric with acrolein, and pro- 
duced by dropping that liquid i..to an alcoholic solution of potash. The solution 
becomes heated to the boiling point; and on addition of an acid, yields hexacroleic 
acid as a yellow, amorphous, feebly acid substance, soluble in alkalis, alcohol and 
ether; insoluble in water, easily fusible, but not volatile without decomposition. 
Most of its salts are insoluble in water. (Claus, Ann. Ch. Pharm. suppl. ii. 117.) 

BEXAMETAPBOBPHORXG ACX2>. See Phosphoric acid. 


(N(CII 2 ) 2 

HEXAMETHY1BNAMINE. C e H ,2 N« = N \ N(CH 2 ) 2 . — A volatile crystalline 

( N(CII*) a 

base produced by the action of ammonia on dioxymethylene (Buttlerow, Ann. Ch. 
Pharm. cxv. 322), See Methylenamines. 

HEXETBYLEVZO AIiCOHOE. See Ethylene, Hydrates of (ii. 576). 

HEXMETHYL-ETHYLEM’E-DIPHOBPHONIUM. See Phosphorus-hases 
HEXYL. Caprogl. C^H 24 ■■ — The sixth alcohol-radicle of the scries 

It is produced by tho electrolysis of cenanthylic acid: 

C*H M 0 2 = OH'* + n + CO 2 . 

To prepare it, a solution of ocnanthylate of potassium is decomposed by a voltaio 
current, and the oil which separates is dried over chloride of calcium, and then distilled 
with alcoholic potash, which retains cenanthylic acid, while the hexyl passes over with 
the vapours of alcohol, and may be purified by washing with water and rectification 
9 ? l\V CT and G ° 8Bletl h Chem. Soc- J- ii*. 210). Wurtz (Ann. Ch. Phys. [3] xlir. 

fe y electrolysing a mixture of 100 pts. cenanthylic and 120 pta. valeric acid, neutnil- 
lfiing with potash and cooling to 0°, obtained an oil which, after desiccation by chloride of 
caJnum, yielded by fractional distillation, tetryl (C 4 H*), boiling between 100° and 140°, 
iftS . yl (C 4 H*.C«H”), between 140° and 180°, and a portion boiling between 
n an ? 220 °» consisting chiefly of hexyl. 

. ** a coionri^ oily liquid, of specific gravity 0*7574 at 0°. It boils at 202°, 

L! i ?? ? vapour whose density is 5 983 (Wurtz); calc, (2 vol.) = 6*8979. It is 
soluble in water, but soluble in alcohol and ether, 
mod *i 0t atUcked h y sulphuric acid, and may be distilled without alteration with 
concentrated nitric acid; bnt by repeated distillation with a mixture of 
p one and nitric acids, it is converted into an acid, probably caproic acid* It is 
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scarcely attacked by bromine, even in sunshine. Chlorine attacks it strongly, even in 
diffused daylight ; hydrochloric acid being evolved, and a viscid substance formed, which 
gives off hydrochloric acid when distilled, and leaves a residue of charcoal (Brazier 
and Q-ossleth.) 

The compounds of hexyl were hardly known before the year 1861, the alcohol 
having been barely identified by Faget, in fusel-oil, in 1854 (Compt. rend, xxxvii. 
780). At present, the known sources of hexyl-compounds are : (!) fusel-oil, containing 
the alcohol; (2) mannite andmelampyrin, which, when reduced with hydriodic acid, give 
iodide of hexyl; and (3) petroleum and coal-tar oil, which contain hydride of hexyl. 
Whether the hexyl-compounds obtained from (1) and (3) are identical, is still an open 
question ; but, without doubt, those derived from (2) are essentially different from 
the hexyl-compounds either of fusel-oil or of petroleum. The hexyl-compounds of 
fhsel-oil and of petroleum have been distinguished by the prefix Alpha , those of 
mannite or melampyrin by Beta. The former compounds, so far as they have been 
yet examined, present the very closest analogies to those of the ethyl series ; the latter 
depart in many ways from this standard: thus, they show a great tendency to evolve 
their olefine during reactions ; and their alcohol has too low a boiling point, and when 
oxidised with dilute chromic acid, does not yield caproic acid, but breaks up into car- 
bonic acid, water, butyric and acefic acids. 

The hexyl-compounds derive peculiar interest from their having the same carbon- 
condensation as the sugars, and from their standing in close relation thereto, as the 
reaction of hydriodic acid with mannite proves, mannite being, as has long been 
known, a product of the reduction of glucose (ii. 864). 

Berth clot has already remarked upon the peculiar readiness to react shown by 
tritylene It is not unworthy of remark, that hexylene, which is paratritylene, likewise 
. displays extraordinary energy. 

Acetates of Hexyl. — a Ilexyl-acetate is prepared by the action of aiodide of 
hexyl upon acetate of silver. It is a colourless liquid, lighter than water, and boiling 
at about 145° C. By the action of caustic potash, it lias been transformed into an 
alcohol, boiling at about 150°. (C ah ours and Pelouze, Compt. rend. liv. 1246.) 

$ Hexyl-acetate is prepared by distilling 0 hexyl- sulphuric acid with a grea*. 
excess of glacial acetic acid : — 

- §!*>. . j'gysjo. 

It is an oil lighter than water, and very insoluble in water, having a peculiar smell, 
unlike the usual smell of an acetate of an alcohol-radicle. Boiling point 156°. It 
distils without decomposition. Digestion at 100°, with an alcoholic solution of potash, 
transforms it into 0 hexylic alcohol. Unlike 0 C 6 H ,S I, it yields no hexylene on diges- 
tion with alcoholic solution of potash. Sp. gr. at 0° = *8778 ’• at 50° = *8310 ; therefore 
expansion-coefficient for 60° = -0563. It forms a double compound with Na0C 8 H ls O 
(beta-hexylate of sodium— the body produced by treating 0 hexylic alcohol with sodium), 
which double compound is decomposed by water, giving 0 hexylic alcohol. 

Hexyl-alcobols. — a Hexyl-alcohol (caproic alcohol), o C 0 II M O, was found by 
Faget, in fusel-oil (1854). but not purified by him. Cahours and Pelouze ob- 
tained it from hydride of hexyl, by converting that compound into aiodide of hexyl, 
thence, forming a acetate of hexyl ; thence, by means of caustic potash, the alcohol. 
The a hexyl-alcohol thus prepared boils at about 150°, and smells like amylic alcohol 
(Compt. rend. liv. 1245.) 

a hexylic alcohol yields caproic acid by oxidation. (Faget.) 

0 Hexyl-alcohol , 0 C«H M 0. — Prepared by digesting 0 iodide of foxyl with oxide of 
silver and water: the 0 alcohol is then formed, together witl^/3 hexylic ether, and 
0 hexylene. Or better, by shaking up 0 hexylene with sulpwkttC acid (previously 
diluted with one-third its volume of water), by which means 0 M®yl-sulphuric acid is 
produced, and this, distilled with a large excess of water, yields -0 hexyl -alcohol It is 
a viscid liquid, having a refreshing, pleasant smell, very unlike that of amylic alcohol ; 
boils at 137°, under bur. pressure of 755*5 millimetres. Specific gravity at^ 0°*» 
0*8327 ; at 16° » 0 8209 ; at 99°= 07482. It therefore expands somewhat rapidly. 

Concentrated sulphuric acid converts it into para-hexylene, even at 0°, and does not 
form any hexyl- sulphuric acid, even after standing for some time. More dilute acid 
(strength about 87 per cent. SO«H 2 ) forms 0 hexyl-sulphuric acid, which is capable of 
forming salts. Acid chromate of -potassium and dilute sulphuric acid convert it into an 
aldehyde, which has no tendency to take up oxygen from the air, and when further 
oxidised with the same oxidising agent, yields, not caproic acid, but carbonic acid, water, 
butyric and acetic acids. The 0 variety of the alcohol has not been converted into the 
• variety ; on the contrary, there is every reason to believe that the two bodies are 
radically different. (Wankly n and Erlenmeyer, Chem. Soc. J. xvi. 221.) 



HEXYX--C0MP0XJND9. 15Z 

»xjl4ddehydei.-~a HexyUaldehyde, + CfH'K) Unknown : it might perhaps he 

obtained by oxidation from the a alcohol of fusel-oil, or of that derived from the 
hexyl-hydnde found in petroleum. 

0 Hexyl-aldehyde , 0 OH'*0. — Obtained by oxidising the corresponding alcohol 
with acid chromate of potassium and dilute sulphuric acid. It is a colourless limpid 
liquid of fragrant, penetrating odour; boils at 127° (bar. = 761 ’2 millimetres). 
Specific gravity at 0° *= 0*8298, at 50° ■ 0*7846 ; coefficient of expansion between 0° and 
60° =0*0576. It forms a solid compound with acid sulphite of sodium; does not 
reduce ammonio-nitrate of silver ; does not take up oxygen from the air. 100 parts 
of water dissolve about one part of 0 hexyl-aldehyde. When treated with acid Chro- 
mate of potassium and dilute sulphuric acid, it yields no caproic acid, but butyric, 
acetic, and carbonic acids, and water (Wanklyn and Erlenmeyer, Chem. Soc. 
J. xvi. 307). A consideration of these reactions of 0 hexylic aldehyde leads to the 
conclusion that it is an acetone ; for whilst the aldehydes take up oxygen from the 
air and yield by oxidation the corresponding acid, the acetones do not take up oxygen 
from the air, and yield lower acids (when oxidation is brought about). 

This view of the case becomes increasingly probable when the history of acetic 
acetone, lately brought to light by Lieben, is considered. Acetone is reduced by hy- 
drogen to tritylic alcohol ; but the tritylic alcohol thus formed yields by oxidation, not 
propionic aldehyde, but common acetone. 

0 Hexyl-aldehyde will probably turn out to be either methyl- valeryl, c»]j*o} ,or 
ethyl-butyryl, £,jp 0 j . 

Chloride* of Hexyl. — a Hexyl-chloride, aC a H ,8 Cl, is obtained by Pelouze 
and (labours, by the action of chlorine upon the hydride of hexyl existing in American 
petroleum. In addition to the a chloride of hexyl, further substitution-products are 
obtained, a Chloride of hexyl decomposes an alcoholic solution of monosulphide of 
potassium , giving a sulphide of hexyl, a (C**H‘*) 2 S, boiling at 230°. With sulphydrate 
of potassium, it gives hexyl-mercaptan : boiling point 145° to 148°. With cyanide of 
potassium, it seems to give a cyanide of hexyl. (Compt. rend. x. 1241, ct scq.) 

0 Ilexyl-chloride is obtained by saturating the corresponding alcohol with dry 
hydrochloric acid, and heating in the water .bath under pressure. It is an oily 
liquid, lighter than water, boiling at about 120°, and yielding hexylene when digested 
at 100° with alcoholic solution of potash. 

Hydrides of Hexyl. — a Hexyl -hydride, a CTI 14 , was found by Greville 
Williams in the products of the distillation of Boghead coal, and called by him 
(originally) propyl (with which it is isomeric); in 18G2 ho came to the conclusion 
that his propyl was hexyl-hydride (Chem. Soc. J. xv. 130). Pelouzo and Cahours 
found the same substance in American petroleum (Compt. rend. liv. 1241), and 
obtained a chlorine substitution-product from it, which reacted as chloride of hexyl 
should do. From the chloride was indirectly obt ained an alcohol (p. 152) boiling at about 
150°, and like amyl-alcohol in odour. Schorlemmer obtained the hydride also from 
the products of distillation of Cannel coal. Its boiling point is 68°. Density of the 
liquid = 0*6745 at 18° (Williams) ; 0 869 at 16° (Pelouzo and Cahours); 0*678 
at 15*5° (Schor lemmer). The vapour-density corresponds closely with the formula 
CTI J4 . It is a colourless mobile liquid, having a fragrant odour. Chemically, like all 
bodies of its class, it is very inactive. Neither sulphuric acid nor nitric acid attacks 
it ; chlorine and bromine only with difficulty. In the arts, a mixture of a hydride of 
hexyl with other hydrides goes by the name of turpentine substitute * 

0 Hexyl-hydride, 0 CII 14 , is obtained indirectly from mannite. It may be pre- 
pared by digesting zinc with 0 iodide of hexyl and water or alcohol ; or by exposing 
mercury and the iodide to the action of suulight. In the latter case the reaction is: 
Hhg + 2C*H ,, I - HhgP + C 4 H , » + C*H 14 . 

In the former case hexylene also accompanies the hydride. In order to remove the 
hexylene, it is well to shake up with sulphuric acid, which enters into combination 
with the hexylene. 

In smell, boiling point, and outward appearance, the 0 hydride resembles the a 
hydride very closely. In specific gravity, however, it appears to differ from the a 
compound, being lighter. At 16*5° its specific gravity does not exceed 0*6645. Its 
derivatives are probably quite distinct from those of the « hydride, 
r Hexyl. — a Hexyl-iodide, a is obtained by Pelouze and 

Cahours from hydride of hexyl existing in American petroleum. It boitaat 172° to 176° 
(being of higher boiliog point than the 0 iodide), and smells like iodide of amyl. 
u u acted upon by light. It reacts with a variety of salts, forming ethers. The 
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alcohol which is indirectly obtained from it boils at 160°, and is bahcvad hr Pelotue 
and Cahours to be identical with Faget’s alcohol extracted from fusel-oil (Compt. 
rend. liv. 1241, et. seq.) Wurtz has also obtained a hexyl-iodide by acting with 
hydriodic acid upon a variety of hexylene which seems to be distinct from the 
0 hexylene of mannite. 

0 Hexyl-iodide is prepared by boiling mannite with a great excess of the strongest 
aqueous solution of hydriodic acid in a stream of carbonic anhydride (24 grms. mannite 
to 300 cub. cent, of acid, boiling at 126° C.); phosphorus may be added to the boiling 
liquid with great advantage. The iodide of hexyl appears in the form of an oily 
distillate, which should be freed from iodine and purified by distilling it in contact 
with water. When the operation is properly performed, very nearly the theoretical 
quantity of perfectly pure iodide of hexyl is obtained. The change which takes place 
is represented by : 

C®H 8 (HO) 6 + 11 HI - C 9 H ,8 I + 6H 2 0 + I 10 . 

Mannite. Iod. hexyl. 

Melampyrin (ii. 349) may be substituted for mannite in the above process; but 
the yield is not so good. The 0 iodide may also be prepared by digesting 0 hexylene 
with hydriodic acid. 

0 Iodide of hexyl is a colourless liquid, not to be distinguished by the Bmell from 
iodide of amyl. Specific gravity at 0° = 14447; at 50° = 1*3812; its co-efficient 
of expansion between 0° and 60° is 0*0460. The boiling point at 752 millimetres 
*» 167*5° C. It is only very slightly decomposed by distillation, and is, on the whole, 
a very stable compound. 

The almost invariable product of the reaction of this iodide is hexylene. With 
alcoholic solution of potash, it has given very nearly the theoretical quantity of 
hexylene : 

0 C a H 1! *I + KHO - 0 C 6 H’ 2 + H 2 0 + KI. 


With oxide of silver and water, acetate of lead, mercury , sodium , oxalate of silver , 
tine and water, or nine and, alcohol , and finally, when heated to 190° with water 
alone, it invariably yields considerable quantities of hexylene, other products being 
formed at the same time, according to the reagent employed. 

llromine acts with great violence, replacing the equivalent of iodine in 0 iodide of 
hexyl. 

0 Hexyl-oxide, 0 is formed, together with the olefine and alcohol, when 

moist oxide of silver acts upon the corresponding iodide : 

Ag’O + 2/3 C*H' 3 I = 2AgI + 0 O. 

It is a thick, slightly yellow liquid, not miscible with water, and of a faint pene- 
trating smell. Boils constantly between 203-6° and 208*6°, with the barometer at 
751 millimetres. 

firms > 

Hexy 1-stUphurlo acids. — a Hexyl-sulphuric acid , a f SO 4 , is little 
known. 

0 Hexyl-sulphuric acid is obtained by the action of sulphuric acid (diluted 
with about one-third of its volume of water) either on 0 hexylene, or on 0 hexyl-alcohol. 
It is partially decomposed by dilution with water, and gives off 0 hexyl-alcohoL Salta 
Of this acid have been obtained. 


0 Sulphydrate of Hexyl, or 0 Hexyl-mercaptan , is obtained by digesting the 
0 iodide with a concentrated alcoholic solution of sulphydrate of potassium : 


0 C*W*I + KHS 


0 OH 1 *) 
H 


S + KI. 


6n adding water to the product of the reaction, the mercaptaar separates as a clear, 
colourless, mobile liquid, not miscible with water and lighter than water. 0 Hexyl- 
mercaptan is formed in the theoretical quantity in this operation. As was mentioned 
above, an alcoholic solution of hydrate of potassium transforms 0 iodide of hfcxyl 
almost completely into hexylene and water ; sulphydrate of potassium, on the other 
hand, transforms the iodide into 0 sulphydrate of hexyl. When an alcoholic solution 
of sulphide of potassium is used, there is also no formation of hexylene, but of a 
0 sulphide instead, so that the sulphur-compounds of the 0 series are imfch more stable 
than the corresponding oxygen-compounds. 

It is further noteworthy that 0 hexyi-raercaptan boils at 142° under a bar. pressure 
of 760 millimetres— being the jxnnt at which the o mercaptan ought to boil. 

0 Hexyl-mercaptan has the kind of smell characteristic of a mercaptan, only it seems 
not to be so persistent as the smell of common mercaptan. It acts upon oxide of mer* 
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ttQTT with energy. Sodium attacks it, with evolution of a gas and ftwnation of m white 
residue ; no doubt the reaction is of the usual kind ; 

'^Js + a. -'«£{■ + * 

Very curiously, caustic potash, both solid and in aqueous solution, also attacks this 
mercaptan; and, still more curiously, a heat of 100° C. decomposes the compound 
formed with aqueous potash, occasioning separation of the mercaptan, which, however, 
recombines on cooling. J. A. W. 

HEXTLSKTS. C'H 1 * — Of this hydrocarbon there are also two modifications. 

a Hexylene, It is doubtful whether Fremy’s hydrocarbon, boiling at 65° and 
obtained by the distillation of hydroleic and metoleic acids, was hexylene. Gfreville 
Williams obtained hexylene from the products of the distillation of Boghead coal. It 
boiled at 71° (Phil. Trans. 1847). Wurtx seems to have obtained a variety of 
hexylene from fusel-oiL 

£ Hexylene is formed by the reaction of the corresponding iodide with most 
reagents. It is best prepared by the action of the iodide upon alcoholic solution of 
caustic potash, at 100°. In preparing it, the precaution should be taken to distil 
the alcoholic solution of hexylene from the iodide of potassium produced during the 
reaction, and to digest the distillate with fresh potash. The alcohol is subsequently 
removed by washing. 

£ Hexylene is a very mobile liquid, lighter than, and not miscible with, water. 
Boiling point 68° to 70°. Its odour is very unpleusant, just like that of amylene. 
Vapour-density, by experiment, 2-88 and 2 97 (theory requires 2*9022). It combines 
with bromine with great violence, forming With concentrated sulphuric acid 

it gives parahexylene. With sulphuric acid diluted with about one-third its volume of 
water, it gives £ hexyl-sulphuric acid. £ Hexylene seems to be a lighter liquid than 
a hexylene. J. A. W. 

HIPPAXArrar. C 9 H T NO. — A product of the oxidation of hippuric acid, dis- 
covered by Schwarz (Ann. Ch. Pharm. lxxv. 201), further investigated by J. Mai cr, 
(ibid, cxxvii. 101), who has shown that hipparin is formed at the same time. To pre- 
pare it, hippuric acid is stirred up to a paste with dilute sulphuric acid, then mixed 
with peroxide of lead, and left to stand at a gentle heat for 12 to 24 hours. The mass 
is then washed with cold water; the residue exhausted with alcohol; the alcoholic 
solution ovaporaled ; the residue washed with carbonate of soda to remove benzoic and 
imdecomposed hippuric acid ; and tho residue boiled with water, which leaves 
hipparaffin undissolved and deposits hipparin on cooling. (Maier.) 

Hipparaffin crystallises from hot alcohol in extremely soft slender needles, having 
a silky lustre and arranged in thick interlaced tufts. It has neither taste nor odour; 
dissolves sparingly in hot, and is quite insoluble in cold water , which does not even wet 
it ; the solubility is not increased by addition of sulphuric acid, hydrochloric acid, am- 
monia or potash. It dissolves in strong sulphuric acid, and is precipitated by water 
without much alteration (Schwarz). Dissolves easily in strong sulphuric and nitric 
acid, and is not precipitated from either solution by water (Maier). It dissolve® 
readily in boiling alcohol , and very readily in ether. It melts at 200° (Schwarz), 
210° (Maier), solidifying in the crystalline form as it cools. At a higher temperature 
part of it distils without alteration, the residue turning black (Schwarz); a small 
quantity sublimes in slender needles even below 100°. (Maier.) 

Hipparaffin burns with a bright smoky flame, leaving a small quantity of easily com- 
bustible charcoal. It is not decomposed by solution of iodine , or by hydrochloric acid 
and chlorate of potassium, or by aqueous chromic acid. It is but partially decomposed 
by fusion with hydrate of potassium; but on igniting it with potash-lime, benzene is 
produced, and the whole of the nitrogen is given off in the form of ammonia (Schwarz). 
Heated to 200° — 220° in a stream of hydrochloric acid gas , it gives off a colourless oil* 
which solidifies in the crystalline form. Fuming nitric acid dissolves it, with evolution 

8 ail » RR d the solution, concentrated after neutralisation with soda, yields a precipitate 

y^uzoic acid. Heated with peroxide of lead and dilute sulphuric acid, it gives off 
*11 its carbon in the form of carbonic anhydride. (Schwarz.) 

mtPA ini , C"H"N0 2 . (J. Maier, loc. cit.) — The preparation is given in the 

preceding article. Hipparin crystallises in large silky needles united in barrel-shaved 
group*. Melts at 457° ; solidifies at about 20 ® ; burns with a bright flame ; dissolve* 
easily m alcohol, ether, and boiling water. 

>UPPo»BAiB WR a mroipitfi. The Sea Buckthorn. — This plant contains a 
v^Llow colouring matter which appears to be identical with quercitrin. . It is obtained 
iJ , a ^ 8t,n g the berries, after they have been well boiled in water and dried, with 
ot alcohol; mixing the hot filtered liquid with basic acetate of lead; decomposing 
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the jjrecipitate withsulphydric acid , -heating the whole; Altering when cold; and treating 
the precipitated sulphide of lead with hot alcohol: The colouring matter then dissolves, 
and remains on evaporation, as a brown-red brittle mass still retaining a little fat, from 
which it may be purified by treatment with ether, absolute alcohol, &c. . It is then 
obtained as a yellow mass containing rudimentary crystals. The berries likewise con- 
tain oxalic and malic acids, a peculiar fht, &c. f which are extracted by boiling them 
with water. (Bolley, Dingl. pol. J. clxii. 143 ; Jahresber. 1861, p. 708.) 

C 7 H 5 0 ) 


BZVVVXAMZBB. O’ H M N*0* - (C 2 H 2 0)' r 

H 1 


N 2 . — This amide is produced by the 


prolonged action of ammonia on an alcoholic solution of hippurate of methyl, and 
remains when the solution is evaporated. It dissolves in 100 pts. water at ordinary 
temperatures, in 80 pts. wood-spirit, and 50 pts. alcohol ; sparingly soluble in ether. By 
alkalis at the boiling heat it is resolved into ammonia and hippurie acid. (Jacquemin 
and Schlagdenhauffen, Compt. rend. xlv. 1011.) 

II 


BXPPirSXO AOIB. C B H 9 NO* = 


C 7 H s O 

(C 2 K*0)' 


N* 


. (Gm. xii. 69; Gerh. iii. 242). — 


This acid exists in the urine of herbivorous animals, and in smaller quantity in that of 
man. Bouelle, towards the end of the last century, first observed that the urine of 
horses contained an acid bearing considerable resemblance to benzoic acid, and the 
observation was afterwards confirmed by Fourcroy and Vauquelin, who separated the 
acid by addition of hydrochloric acid ; but its real nature and separate identity were 
first established by Liebig, in 1830 (Ann. Ch. Pharm. xii. 20). The urine of cows 
and horses does in fact contain, sometimes hippurie and sometimes benzoic acid, the 
former acid boing eusily converted into the latter by oxidation ; and this change often 
taking place within the animal organism. When horses are kept in the stable, or only 
lightly worked, their urine contains hippurie acid; but when they are put to hard 
work, it contains benzoic acid. 

Cows’ urine, accordiug to Boussingault, contains about 1*3 per cent, of hippurie acid ; 
in that of horses, the maximum amount is about 0*38 per cent. ; that of swine does not 
appear to contain hippurie acid ; that o*f the camel and elephant yields a considerable 
quantity. 

From tlio experiments of Ilenneberg, Stohmann, and Ran ten berg (Ann. Ch. 
Pharm. exxiv. 181 ; Rep. Chirn. pure 1863, p. 223; Jahresbe r. 1802, p. 541 ) it appears 
that the urine of oxen contains a maximum quantity of hippurie acid (21 to 27 per cent.) 
when the animals are fed on oat- and wheat-straw with a small admixture of beans. 
The Straw and dried horb of leguminous plants reduced the amount to 0*4 per cent. 
With the hay of graminaceous plants intermediate results were obtained. The addition 
of a certain quantity of beuna, starch, sugar, or oil, diminished the .proportion of 
hippurie acid, and increased that of urea. 

In human urine, the proportion of hippurie acid is but small under normal condi- 
tions, and about equal to that of uric acid (Liebig; Bonce Jones); in certain 
diseases, as in diabetes, according to Le h m a n n, the amount is considerably greater ; a 
vegetable diet likewise increases it. In the urine of a healthy man living on a mixed 
diet, Bonce Jones (Chem. Soc. J. xv. 81) found, by Liebigs method of estimation 
(p. 158), from 0 03 to 0*04 per cent, hippurie ucid; Th udich u m (toe. cit. XVli. 55) found 
tne same quantity under similar circumstances ; but the amount was largely increased 
l>y eating greengages. Weismann (J, pr. Chem.lxxiv. 106; Jahresber. 1858, p. 572) 
and Wreden (J. pr. Chem. Jxxvii. 146; Jahresber. 1859, p. 700) found .much larger 
quantities ; but the former appears to have operated on too small a quantity of urine* 
£nd the latter adopted a defective method of analysis (p. 169). 

Formation . — 1. By heating glycocine in a sealed tube with benzoic : 


C*H*NO a + C 7 H«0 2 - C*H B NO* + H*0; 


also by heating the zinc-salt of glycocine with chloride of benzoyl to 120° in a sealed 
tube, or by simply leaving the two compounds in contact for some time : 

C«H r /nN*0* + 2C 7 H 4 0C1 » 2C*H»NO* + ZnCl*. 

This formation of hippurie from benzoic acid likewise takes place when the latter acid 
is injected into the blood of a living animal, together with glycocine or glycocholate of 
sodium, or bile. When about 2 grms. of benzoic acid, and 30 c.c. of bile free from 
mucus wereHtyeCted into the blood of a dog or cat, the urine was found to contain a 
considerable quantity of hippurie, but no benzoic acid ; with a larger proportion oi 

* On the rational formula of hippurie acid, lee Fo*i*cl m (tt. 697). 
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benzoic add, the excess passed into the urine together with the hippuric add. Benzoic 
add injected into the circulation alone, is not converted into hippuric add. (Kfihne 
and Hall wachs, Jahresber. 1859, p. 638.) 

2. Benzoic acid is likewise converted into hippurio acid in the animal organism 

when introduced into the alimentaiy canal, hippuric acid being found in the urine after 
benzoic acid has been swallowed. Marchand, after talking 30 grains of benzoic acid, 
found 39*2 grs. of hippuric acid in his urine (by calculation, it should liave been 
44 grs.). Similar observations have been made by Al. Ure (J. Pharm. xxvii. 646) 
Keller (Ann. Ch. Pharm. xliii. 198), and Garrod (Phil. Mag. [3] xx. 601). * ** 

3. Quinic acid is also converted in the animal organism into liippuric acid (probably 
first into benzoic acid). When 8 grins, of quinato of calcium wero swallowed over 
night, the morning urine was found to contain 2 grms. of hippuric acid. (L&utemann 
Ann. Ch. Pharm. cxxv. 9.) 

Preparation from horses' or cows' urine . — Hippuric acid exists in the urine in com- 
bination with ammonia. To obtain it, the fresh urine of cows or of horses which have 
been kept at rest, is concentrated by evaporation to * or A of its bulk and supersaturated 
with hydrochloric acid ; it then, after a while, deposits a yellowish-brown precipitate 
of hippuric acid. 

The evaporation of tho urine, which is tedious, may bo obviated by mixing it with 
a considerable excess of hydrochloric acid, tho solubility of the hippuric acid being 
thereby greatly diminished. 100 pts. of cows’ urine mixed with 2 or 3 pts. of crude 
hydrochloric acid soon deposits hippuric acid (Riley, Chem. Hoc. Qu. J. r. 97). 
Another mode of expediting the process is to mix the fresh urine with milk of lime* 
boil for a few minutes and strain ; then evaporate the solution of hippurate of calcium 
to i or of its bulk, according to the previous concentration*; and supersaturate with 
hydrochloric acid. (Gregory, Ann. Ch. Pharm. lviii. 125.) 

The acid obtained as above lias a brownish colour and disagreeable urinous odour 
nnd requires further purification. This maybe effected in several ways: 1. Schwarz 
(Ann. Ch. Pharm. liv. 29) boils tho crude acid with milk of lime, which removes the 
greater part of the fibrin with which it is contaminated ; precipitates the filtrate with 
carbonate of sodium, then boils and filters again, nnd mixes the filtrate with solution 
of chloride of calcium, the carbonate of calcium thereby precipitated carrying down 
the colouring matter; then filters a third time, and precipitates with hydrochloric 
acid. The hippuric acid thus purified is quite colourless.- 2. Tho crude acid, mixed 
with 10 pts. of boiling water and excess of milk of lime, is submitted to pressure; 
the expressed liquid is mixed with solution of alum till it no longer exhibits an alka- 
line reaction, and left to cool to 40®; carbonate of sodium is then added as long aa a 
precipitate continues to form ; and t lie liquid is again separated by st raininganopres- 
surc, and precipitated by 113'drochloric acid: the hippuric acid thus obtained ; ii trashed 
with cold water, pressed and dissolved in boiling water, and tho solution is mixed with 
M-h^I - charcoal (1 oz. to a lb. of tho acid), filtered through paper while ■till at the 
I filing heat, and left to crystallise (Ilensch, Ann. Ch. Pharm. lviii. 267), —3. Lowe 
prepares hippuric acid by mixing fresh horse-urine with excess of sulphate of zinc ; 
evaporating the liquid together with the precipitate to g or i of its bulk ; filtering quickly ; 
washing the precipitate with a small quantity of hot water; and decomposing tho hip- 
purate of zinc in the filtrate with dilute sulphuric or hydrochloric acid, liippuric acid 
tm-n separates in the form of a white magma, which may bo washed with cold water, 
pressed between paper, and fecrystallised from boiling water. Tho addition of sul- 
phate of zinc to the urine preserves it from putrefaction, and enables the experimenter 
to wait till a considerable quantity is collected. 

Properties . — Hippuric acid forms colourless transparent prisms, having an unctuous 
adamantine lustre, and often of considerable size. The crystals belong to the trimetric 
system. T-> _ -ft _ -.1 .v . 


^ ii i > m J; ho niacrodiagonal principal section =* 88° 30'. Cleavage tolerably easy, 
t0 * °^* gravity => 1308. Hippuric acid melts at a gentle heat, and 

names m a crystalline mass on cooling. It has a slightly bitter taste, and reddens 
8tr ™W* It is sparingly soluble in cold water, 1 pt. of the crystals requirm* 
. ]?“■£. wa ^ r a t 9°- Boiling water and alcohol dissolve it readily; ether scarcely 
r a ypunc acid likewise dissolves, but very sparingly, in water containing hydro* 
vhai* ■ ** ^solves with the greatest facility in water containing ordinary phot* 

m such quantity indeed as to change the reaction of toe solution tieonx 
t . to acid— a property which is also oos&essea bv uric Arid. Xhi % * w 


property which is also possessed; by uric acid. 
cause °I the acid reaction exhibited by the urine of man and 
^ racent state. f 

position s. — l. Hippuric add boils at 240°, yielding a crystalline product, 600 - 
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in grant part of benzoic add and benzonitrile (mnida of phenyl); a ntront 
odoiar of hydrocyanic add is likewise evolved, and a considerable quantity of charcoal 
remains in the retort Dry hippuric acid, heated in a retort with dry chloride of zinc 
g nd quartz-sand, yields benzonitrile, carbonic anhydride, and charcoal (vxossm ann, 
Ann. Ch. Pharm. c. 69): 

2C*H*NO* — 4H 2 0 *= 2C T H 9 N + CO* + C*. 

2. Hippuric acid in alkaline solution is slowly oxidised by orone, with formation of 
carbonw acid and a small quantity of formic acid (Gorup-Besanez, Ann. Ch. Pharra. 
cxx y 217). —3. Pure hippuric acid is not altered by boiling with water ; but when 
horse-urine is quickly evaporated, ammonia is given oflj and the hippuric acid contained 
in it is converted into benzoic acid. Cows’ urine does not yield benzoic acid when 

boHed. 4. Hippuric acid dissolves in strong hydrochloric acid at the boiling heat, and 

on continuing the ebullition, it is resolved into benzoic acid and glycocine : 

CTPN 0 s + H 2 0 = C 3 H 5 N0 3 + CHFO 2 . 

Hippuric acid. Glycocine. Benzoic acid. 

The* same decomposition is effected by boiling dilute sulphuric acid , by nitric , and even 
by oxalic acid. — 6. Hippuric acid, boiled for half-an-hour with caustic potash or soda , 
is converted into glycocine and an alkaline benzoate. It is not decomposed by boiling 
with milk of lime. — 6. The resolution of hippuric acid into benzoic acid and glycocine 
is likewise effected by the action of a ferment in presence of an alkali (Buchner, Ann. 
Ch. Pharm. lxxviii. 203). — 7. By the action of nascent hydrogen , it appears to be 
resolved into hydride of benzoyl and glycocine (Erlenmeyer, Zeitschr. Ch. Pharm. 
1861, p. 648). — 8. Nitrous acid converts hippuric acid into benzoglycollic acid, with 
•volution of nitrogen gas : 

2CTPNO* + N 2 0* = 2CHP0 4 + H*0 + N 4 . 

This decomposition takes place when nitric oxide is passed into a solution of hippuric 
acid in nitric acid.— 9. A cold mixture of strong sulphuric acid and fuming nitric acid 
converts hippuric acid into nitrohippuric acid. With sulphuric anhydride , it unites 
directly, forming sulphohippuric acid, C B H B NSO a . — 10. An aqueous solution of hip- 
puric acid is not decomposed by chlorine gas ; but on boiling it with a lafrge excess 
of bleaching powder , decomposition takes place (Liebig). When chlorine is passed 
into a solution of hippuric acid in rather dilute potash, nitrogen is evolved, and 
benzoglycollic acid is produced (Gossmann): 

OWNO* + 3KHO + Cl 1 - C f H*0 4 + 2H20 + 3KC1 + N. 


11. By mixing it with hydrochloric add , and adding chlorate of potassium by small 
portions, it is converted into a ^mixture of monochlorohippuric acid, C*H 9 C1N0*, and 
dichloromppuric acid, C # H 7 C1*N0 I (R. Otto, Ann. Ch. Pharm. exxii. 129). — 12. When 
hippuric acid is gently heated with 1 at. pcntachloride of phosphorite , oxychloride ot 
phosphorus and hydrochloric acid are given off, and a brown residue is left, soluble in 
alcohol and in ammonia, and precipitated therefrom in the resinous state by hydro- 
chloric acid ; but on distilling 1 at. hippuric acid with 2 at. pentachlorido of phos- 
phorus, the products obtained are oxychlorido of phosphorus, chloride of benzoyl, 
and two chlorinated compounds, C®H a ClN0 3 , and C B H 5 C1 3 N0 3 , differing from mono- 
and dichlorohippuric acids respectively by 1 at. H*0 (Schwanert, see p. 161). — 
13. When hippuric acid is boiled with peroxide of manganese and very dilute sulphuric 
acid, a large quantity of carbonic anhydride is evolved, benzoic acid separates on 
cooling, and the liquid is found to contain sulphate of ammonium. — 14. Hippuric acid, 
boiled with peroxide of lead and water, yields benzamide, water, and carbonic anhy- 
dride (Fehling): . # 


C*H B NO s + 30 =- C’H’NO + H*0 + 2CC 

When hippuric acid is heated with peroxide of lead and excess < 


itric or sulphuric 


Kucid, the products formed are carbonic anhydride and hipparaffin (pTT64) ; but when it 
ia boiled with water and peroxide of lead, and sulphuric acid adaed in quantity only 
sufficient to decompose the resulting hippurate of lead, the only product obtained is 
JjjjMii inide (Schwartz). — 16. Hippuric acid, gently heated with excess of caustic 
tifcPy**, yields a liquid which smells of benzene (no ammonia is evolved), is converted 
lUto crystalline scales by contact with hydrochloric acid, and, when distilled, yields 
benzene (Gerhardt). This liquid is perhaps benzonitrile. 

of Hippuric acid in unne.— 1. The urine is evaporated to a syrupy con- 
" r “ *; Wfcter-bath : hydrochloric acid is added; and the hippuric acid is 

pig the precipitate four or five times with ether (Liebig, Ann. Ch, 
According toBenceJones( Chem. Soc. J. xv. 81), this method gives 
„ orided sufficient urine is taken (about 400 c. c.), and a sufficient, quanr 
Thudichum (Chem. Soc, J. xvii. 66) evaporates the urine to 





a stiff syrup, poors it into a bottle while yet warm, taking op the last residues wf$ 
the necessary amount of hydrochloric acid; and shakes up the whole briskly witt 
hiige quantities of dry ether. The ethereal solution is then distilled, the leddist 
yellow residue mixed with a little water, and allowed to crystallise ; and the crystal 
of hippuric acid thus obtained are washed with water till the washings are colourless 
then dried by pressure between blotting paper, afterwards by placing them over sul 
phuric acid, and finally at 100° in a water-oven. (See also Weismann, J. pr. Chem 
iTx iv. 106; Jahresber. 1857, p. 637.) 

2. Wreden (J. pr. Chem. Ixxvii. 446; Jahresber. 1859, p. 700) estimates hippurie 
acid in urine by means of a standard solution of ferric chloride. The liquid is first 
neutralised and freed from phosphoric acid by means of baryta-water, and the iron 
solution is added till it no longer forms a precipitate, and a drop of the filtered solution 
produces a blue colour on a piece of filtering paper moistened with forrocyanide ol 
potassium. The amount of hippuric acid found in human urine by this method ol 
estimation (average 0 38 per cent.) is much higher than that determined by Liebig’s 
method (p. 156); and, according to Henneberg, Stohmann, and Rautenberg 
(Ann. Ch. Pharm. cxxiv. 181), the results are vitiated by the fact that n perfectly 
neutral solution of ferric chloride is decomposed by paper-fibre to such an extent, that 
paper soaked in a solution of 3 T ellow prussiate will not indicate the presence of a small 
quantity of iron ; also, because the termination of the reaction cannot be distinctly 
perceived. Better results are obtained with ferric nitrate, after the urine has been 
freed from colouring matter and other bodies by nitrate of lead ; but even in this case 
the process is sometimes rendered uncertain by the presence of other substances which 
exert a reducing action on the ferric oxide. Altogether, the mode of estimation by 
means of hydrochloric acid and ether appears to give the best results. 

Hippurates. Hippuric acid is monobasic, the general formula of its salts 
being C # H*MNO\ Most metallic oxides dissolve readily in the acid. The hippurates 
of potassium, sodium, ammonium and magnesium are very soluble and difficult to crys- 
tallise ; their solutions form a cream-coloured precipitate with ferric salts, and white 
curdy precipitates with nitrate of silver and mercurous nitrate. A characteristic reac- 
tion of the hippurates is, that when fused with excess of potash or lime, they give oflf 
ammonia and yield benzene by distillation. Mineral acids decompose them, separating 
the hippuric acid. 


II ipp urate of Ammonium.— The neutral salt does not appear to exist. An acid 
salt, C’ , H"(NH*)NO\CPH , NO*.Il 2 0, is produced even when hippuric acid its mixed with 
excess of ammonia. It crystallises by concentration in square- based prisms with 4-sifled 
summits. It dissolves in small quantities of water ai*d alcohol, sparingly in ether, and 
performs gyratory movements when thrown on the surface of water. r - 

Hippurate of Barium , C* , H 1, Ba"N 2 O i + H f O, forms prisms with rectangular 
base ; soluble in water. It unites with benzoate of barium, forming a salt containing 
C'HB'Ba "N0«.C“H' # Ba"O 4 + AH*0. 

lli}ypurate of Calcium , C ,s H la Ca"N 2 0 , + 3H 2 0, crystallises sometimesin rectangular 
prisms, sometimes in laminae. Specific gravity 1*318. It is soluble in 18 pts. of cold 
and 6 pts. of hot water. 

Hippurate of Cohalt, C l *lI ,a Co"N 2 0 a .5H 2 0, forms rose-coloured needles or nodules, 
which give off their water at 100°. 

Ilippurate of Copper , C l8 H l6 Cu"N 2 0 # + 3H 2 G, obtained oy concentrating a mixture 
of sulphate of copper and hippurate of potassium, forms oblique rhom Widal prisms 
of an azure-blue colour, which turn green and give oflf their water of crystallisation 
when heated on tho water-bath. 


Ilippurate of Iron (ferricum) is precipitated on mixing the concentrated solutions 
of hippurate of potassium and ferric chloride. 

Ilippurate of head, + 2II 2 0 and 3H 2 0 ( is obtained by precipitating a 

cold solution of neutral acetate of lead with hippurate of potassium, as a curdy preci-jj 
pitate which dissolves but slowly in boiling water. If the boiling solution is weft™ 
diluted, the salt is deposited in silky needles (containing 1 at. water) grouped in tufas ; 
hut these crystals, even when immersed in the solution, are quickly converted -JotL' 
rather broad, shining laminae (3H ? 0) having the form of quadrangular tables. 
whole of the water is given off at 100°. ' 

Hippurate of Magnesium , C , "H ,, Mg"N 2 O i + 5H 2 0, forms white nodules, which 439* 
wduble in water and give off 2H 2 0 at 100°. 

Hippurate of Nickel, C”H>*Ni"N 2 0« + 5H*0, is crystal! i sable, i»m> 
sparingly soluble in cold water, more soluble in boiling water and ” 
u becomes anhydrous at 100°. 

m Pota ** iu ™- — The neutral salt, C*H*KNO*.H*0, forms . 

itn rhomboYdal base, soluble in water and in alcohol, and becattujqg* 
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desiccation at 100°, To obtain it pure, it must be crystallised several times from 
alcohol and washed with ether. „ . , . , 

The acid salt, 0*H“KNO , .C®H i XO i .H 2 0, forms brilliant laminae, which under the 
microscope are seen to consist of prisms with rectangular base, and the terminal edges 
truncated. They give oft 4*77 per cent, water at 100°. 

Hippurate of Silver, 2C*H , AgN0 3 .H'0, prepared by adding nitrate of silver to 
hippurate of potassium, is soluble in water and crystallisable. It gives off its water 
(3 '42 per cent.) at 100°, 

Hippurate of Sodium, 2C*H i NaN0 3 .H 2 0, is crystallisable, very soluble in hot water 
and in alcohol, sparingly in ether. 

Hippurate of Strontium, C ,l H‘*Sr"N 2 0*.5H*0, is crystallisable; sparingly soluble in 
cold water and alcohol ; gives off its water at 100°. 

Derivatives of Hippuric Acid . 


Amldo-bftppurlo acid* C^H^N^O* =» (Schwanert, Ann. Ch. 

Pharm. cxii. 69.)— Obtained by passing sulphydric acid gas for a considerable time 
into a solution of nitrohippuric acid in saturated sulphide of ammonium, and acidu- 
lating the concentrated liquid with hydrochloric, or better with nitric acid. It 
crystallises in light white laminae, soluble in 300 to 370 pts. water at 20°, in 1200 pts. 
absolute alcohol at 15°, insoluble in ether. In boiling water and alcohol it dissolves 
easily ; likewise in acids and in alkalis ; the solutions quickly turn brown. With con- 
centrated hydrochloric acid, it forms a hydrocldorate containing C 9 H 10 N*O 3 .HCl. 

Cfalorobippurlc acids. (It. O tto, Ann. Ch. Pharm. cxxii. 129.)— These compounds 
are produced by the action of hypochlorous acid on hippuric acid. When 2 or 3 pts. 
chlorate of potassium are added to a mixture of 1 pt. hippuric acid and 6 to 9 pts. 
hydrochloric acid, a gentle heat applied, after the frothing has ceased, to complete the 
reaction, the liquid then heated to boiling and left to cool, — an oily yellowish mass is 
deposited, consisting of mono- and diehlorohippuric acids, tlieir relative quantities 
depending, partly on tho quantity of chlorate list'd, partly on the temperature of the 
liquid during the reaction. The two acids are separated, either by boiling with water, 
which dissolves chiefly the monochlorinated acid, or by repeated crystallisation of the 
calcium-salts obtained by neutralising the mixed acids with milk of lime. 

Monochlorohippuric acid , C*H 8 C1N0 3 , obtained by evaporating the alcoholic 
solution, after decolorisation with animal charcoal, forms a yellowish, viscid, inodorous 
mass, having an acid reaction ; it is nearly insoluble in cold water, melts and dissolves 
in boiling water, and mixes all -proportions with alcohol and ether. It dissolves also 
in caustic alkalis, forming a solution which turns brown when heated. — By boiling with 
Concentrated hydrochloric acid, ifcls resolved into glycoeine and monochlorobenzoic acid. 

The neutral potassium- and sodium-salts are uncrystallisable or crystallise with 
difficulty. Tho acid sodium-salt , 2(C*H , ClNaN0*.C*H , ClN0*).H 2 0, crystallises in 
concentrically grouped needles. — The calciwn-salt, C ,9 H M Cl 2 Ca''N 2 0 3 .4H 2 0, crystallises 
from alcohol in small shining scales. — The lead-salt , C , *H M Cl 2 Pb' f N 2 O a , melts at 100 — 
120°, and crystallises from dilute alcohol in concentrically grouped needles. — The 
silver salt is a white precipitate, which crystallisos indistinctly from solution in water. 

Diehlorohippuric acid , C , H T Cl*NO*, is very much like the monochlorinated acid, 
and after standing in contact with the air or under water, forms a soft granulo-crystalline 
mass, which deliquesces when wanned, and at 60° emits an aromatic turpentirie-like 
odour. — By boiling with strong hydrochloric acid, it is resolved into glycoeine and 
diehlorobenzoic acid. 


Dichlorohippurate of sodium , C*H a Cl 2 NaN0*.H 2 0, forms soft warty ^crystals, easily 
soluble in water, alcohol, and acids. — The barium-salt , C^H^CPBa-N^CP.SlFO, crys- 
tallises in needles. — The calcium-salt , C l, H ,a Cl 4 Ca"N*O a , crystal lis^Jfrom dilute solu- 
tions at ordinary temperatures, or at 60°, in needles containing 9 j££|10 at. water; at 
higher temperatures, in hard white crusts with 5 at. water. — The neutral lead-salt , 
C , *H ,,, Cl , Pb' # N l 0 - .4H 2 0, obtained by cold precipitation, separates from its aqueous solu- 
tion in nodules. A basic lead-salt , 2C l8 Il n Cl 4 Pb"N 2 0 , .Pb"0.6H 2 0, may be extracted 
_hj|boiling absolute alcohol from the precipitate formed by dichlorhippuric acid and 
fjfccatjate of load nt the boiling heat. The silver-salt is a white precipitate, which 
jft^parates from hot water in cauliflower-like masses. 

^ JHck^rohippurate of Ethyl, C*H®Cl 2 (C v H 4 )NO , f obtained by treating the alcoholic 
the acid with hydrochloric acid gas, is a heavy yellowish oil, nearly 
wales. 

having the composition, C 1B H ,3 (V r Cl a N*0 a .5H 2 0, intermediate between 
find dichlorohipp urates, is obtained in spherical groups of needles by 
tatg a mtxtnrtrof the calcium-salts of the two acids. Its solution precipitated 
of silver yields a silver-salt of analogous composition. 
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Compoimdi produced by tie action of Pmtaeiloride of Piotpionu on Bippurio acid. 
(H. Schwanert* Ann. Ch. Pharm. cxii. 59.) — When 1 at. hippurio add (in quantities 
not exceeding 10 grins.) is distilled with 2 at. pentachloride of phosphorus, scarcely 
anything bat oxychloride of phosphorus passes over at first, bat between 180° and 200° 
a viscid liquid distils over, and between 220° and 250° a mass which solidifies in the 
crystalline form. The liquid separated from the crystals gives off, on rectification, 
oxychloride of phosphorus up to 120°, then chloride of benzoyl, boiling at 196°, and an 
oil which boils, at a temperature abore 200°, and when left over oil of .vitriol, solidifies 
to a crystalline mass whose composition is expressed by the formula, CPH^CINO* — 
(PBWINO* (monochlorohippuric acid) - H*0, which is also the composition of the 
crystals obtained by the first distillation. — This compound, when immersed in ether, 
deliquesces at a gentle heat to a yellowish oil, without perceptibly dissolving, and 
crystallises on cooling in flat four-sided monoclinic prisms bevelled at the ends with 
two faces. It melts between 40° and 50°, distils without alteration at 200°, is in- 
soluble in water, but dissolves easily in alcohol, and crystallises therefrom with difficulty. 
The solution is not precipitated by chloride of platinum, mercuric chloride, or nitrate of 
silver. The compound* is not decomposed by potash, either in aqueous or in alcoholic 
solution, but when repeatedly fused with hydrate of potassium, it is partially resolved 
into ammonia and beuzoicacid ; aqueous ammonia also decomposes it partially at 130°. 
It absorbs hydrochloric acid gas in quantity corresponding nearly with the formula, 
CIPCINOUICI, but the hydroclilorate loses its acid, even when the alcoholic solution is 
evaporated over oil of vitriol. 

Another chlorinated compound, C , H S C1'N'0 1 = C 9 H T C1 5 N0* (dichlorohippuric acid) 
— IPO, is obtained, though only in small quantity, by repeatedly rectifying the last 
portions of oil which pass over m distilling liippuric acid wit h pentachloride of phos- 
phorus. It is likewise crystalline, but dissolves readily in ether. 

Yltroblppurlo acid. C"H B N 2 0»-C 9 H•(N0 2 )N0^ (Ber ta gn ini, Ann. Ch. Pharm. 
lxxviii. 100.) — This acid is produced by the action of a mixture of strong sulphuric and 
fuming nitric acid on hippuric acid. It is found in the urine after nitrobenzoic Reid 
has been swallowed. To prepare it, 1 pt. of hippuric acid is dissolved, in the cold, in 
4 pts. of the strongest nitric acid, and the solution is mixed, slowly, so as to avoid rise 
of temperature, with 4*9 pts. of strong sulphuric acid. Tho liquid is then left to itself 
for two hours, and diluted, still slowly, to avoid heating, with three times its volume of 
water; it then, after two hours, deposits an abnndant crystallisation of nitrohippuric 
acid. The acid thus obtained has a yellow colour; fbr purification, it is treated with 
bme, the resulting calcium-salt is decomposed with hydrochloric acid, and the ni tro- 
ll ippurie acid is recrystallised several times. .J- ; 

Nitrohippuric acid crystallises in colourless silky needles, soluble in alcohol, ether, 
and water, especially in water containing phosphate of sodium. The crystals redden 
litmus, melt at about 150°, and then decompose, giving off vapours of benzoic 
acid. 


Hydrochloric acid converts nitrohippuric acid into glycocine and nitrobenzoic add. 
A solution of nitrohippuric acid mixed with ammonia assumes a red colour under the 
influence otsulphydric acid , and deposits sulphur when neutralised by an acid. When 
dissolved in a saturated solution of sulphide of ammonium, and treated with sulpbydric 
ndd, it is converted into ami do- hippuric acid,C*H l0 N*O* (Schwanert* p. 160), 
trie oxide passed into a solution or nitrohippuric acid in nitric acid gives rise to the 
formation of a new acid, not yet examined. Nitrohippuric acid dissolves at ordinary 
temperatures in strong sulphuric acid , and on gently heating the solution and then 
diluting with water, nitrobenzoic acid is deposited. Nitrohippuric acid distilled with 
an equal weight of quick-time yields a reddish, oily distillate having the odour of cin- 
namon. The acid heated with strong solution of potash , turns brown and gives off 
ammonia : at a higher temperature, the mixture gives off hydrogen and assumes a red 
colour. » 

The nitrohippurates are mostly soluble in water, some of them also in alcohol. 
Most of them crystallise in needles grouped round a common centre. When heated, 
toey give off aromatic vapours. The following have been analysed : 

Calcium-salt C , *H , «Ca w (N0*)*N*0 < .8H J O. * 


Cupric salt 
Lead-salt 
Silver-salt 
Zinc-salt 


- C ,B H l4 0u"(lfO*) , N I O*.fiH*O. 
. C'"H ,l Pb"(NO*)*N*0* (at ' 
. OIPAg^O^NO*, 

. C»*H H 2n"(N0 l )*N' l 0*fl:“ 
Sulphohippurle add. CWNSO* - C i H»NO t .SO*. (Schwanert, 
J”*:**- 59.) — Produced by direct combination. Hippurieacid absorbs t] 
w *ulphnric anhydride, forming a brown liquid ; and by dissolving this product 
f ydismg carbonate of lead, decomposing the filtrate with salphydricl 
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gyapore ting , sulphohippuric acid is obtained as a brownish yellow, amorphous, deli- 

^Wifch V fdtrou8 acid it forms (not sulphobenzoglyeollie, bat) sulphobenzoic acid, 
C 7 H*SO*, together with an oily Bubstance probably containing glycollic acid. 

Snlphohippuric acid is dibasic. Its neutral barium-salt contains C t H 7 Ba"NS0 6 .H 2 0. 
By boiling the acid with hydrate of lead, a lead-salt is obtained corresponding approxi- 
mately with the formula C*H 7 Pl/NSO*. 

HXPPTmxc BTBXSRS. Only two of these compounds have as yet been obtained, 
viz. the ethylic and raethylic ethers. 

Hippurate of Ethyl. C n H ,3 NO* =* C*ff 8 (C*IP)NO* (Sfcenhouse, Ann. Ch. 
Pharro. xxxi. 148.)— Prepared by passing hydrochloric acid gas through a boiling 
lolution of hippuric acid in alcohol of 80 per cent. The liquid thickens, assumes an 
lily aspect, ana when diluted with water, deposits the ether in liquid drops, which soon 
olidify. 

Hippurate of ethyl is crystallisable and has a sharp taste. Specific gravity T043. 
delta at 44° and solidifies at 32° C. Sparingly soluble in water, very soluble in 
lcohol. Chlorine, with the aid of heat, converts it into a crystallisable chlorinated 
ompound. Nitric and sulphuric acids decompose it at the* boiling heat, producing 
enzoic acid. Alcoholic potash converts it into ethylic alcohol and hippurate of 
otassium. 


Hippurate of Methyl. C l0 H n NO 8 = C®H 8 (CH*)NO*. (Jacquemin and 
chlagdonhauffen, Compt. rend. xlv. 1011.) — Prepared by passing hydrochloric 
cid gas into a eoluton of the acid in wood-spirit heated to 50° or 60° CL, washing the 
jsulting syrupy liquid with carbonate of sodium, and then treating it with ether, from 
rhieh the compound crystallises by spontaneous evaporation. 

Hippurate of methyl forms white, transparent needles, soluble in 120 pts. of cold 
rater, and in 60 pts. water at 30°; in boiling water it melts before dissolving. Alcohol 
nd ether dissolve it in all proportions. It melts at 60° and decomposes at 260°, 
iving off ammonia and bonzonitrile. With fuming nitric acid it gives off a combus- 
ible gas, probably containing nitrate of methyl. Alkalis decompose it, forming hippuric 
cid and methylic alcohols. Ammonia converts it into hippuramide. 

HXBCXO ACID. The name given by Chevroul (Recherches sur les corps gras , 
p. 151, 236) to an oily acid, slightly soluble in water, wnich he obtained from mutton- 
oot, and to which he attributes the peculiar taste and odour of that substance. The 
otassium-salt is very deliquescent ; the barium-salt is sparingly soluble in water and 
ontains 438 per cent, barium. The acid is probably nothing more than a mixture of 
©vend acids of the series C B H*"0*. 


8I8XVOBRXTB. A hydrated silicate of iron occurring at Ridharhyttan in Sweden 
md other localities. A variety called Oillingite is found in the Gillinge mine at 
Jviirta-Kirchflpiel in Sweden, and another ealied Thraulite at Bodenmais in Bavaria. 
These minerals all contain both protoxide and sesquioxide of iron, and are closely 
illied in composition ; they are, however, but imperfectly crystallised, and have a dark 
rolour, so that impuritiesin them easily escape detection. Moreover, it is possible that part 
>f the protoxide of iron in the original mineral may be gradually converted into ses- 
juioxide. Hence their oonstitution cannot be ascertained with certainty. Tho 
composition of hisingerite from Ridharhyttan (specific gravity 3 045) agrees however 
nearly with the formula 8(FeO.SiO a ).2(Fe a O a .8SiO a ) + 6H*U. Gillingite is the same 
with 9 at. water; Thraulite is 3(FeO.SiO a ).(Fe a O s .3SiO*’) + 6H 2 0. A variety from 
Orijarfvi in Finland, much richer in protoxide c H iron, may be represented by tho 
formula 9(FeO.SiO a ).(Fo a O a .3SiO a ) + 9H*0. The following are ^analyses of these 
minerals: • 



8IO* 

Fe*0» 

FeO 

a. 

33 07 

34*78 

17*69 

b. 

3218 

3010 

8 63 

c. 

31-28 

4912 


d. 

29-61 

1074 

37*49 


CaO MgO 

2*66 0-46 

650 422 

1 7*78 


11 AT 
1937 
1912 
1300 


100 0 
1000 
99 52 
98-52 


h, from Ridharhyttan by Rammelsberg (Mineralehcmie, p. 852). — 6, from the 
Gillinge mino by Ram rael s berg (ibid.). — <?, Thraulite from Bodenmais by v. Kobo 11 
(^*°8I?* Ann. xir. 467). — d , from Orijarfvi by Hermann. (J. pr. Chera. xlvi. 338.) 

llJUKMttFITBi A grass-green limestone from Takli near Nagpur in Central India, 
of gravity 2'645, and containing 80*79 per cent, carbonate of calcium, 0*73 

alumina, a trace of carbonate of magnesium, and 16*68 of an iml>edded green silicate 
981 6), perhaps identical with glauconite. (S. Haughton, Phil. Mag. [4] xvii. 16.) 
& ttTCSOOCXXTX. A silicate of lead and aluminium from the Canton mine to 
<3*0%**. Specific gravity, 4 024. Contains 20 85 per cent. P J 0 4 , 27*40 PbO, 28 41 
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AW, 014 PbCl*. aad 20-20 water (- 100-00), agreeing nearly with the feminle 

?„™ ^‘^Mnro.'sa 

BJIUUm A mineral Consisting chiefly of tantalate of yttrium and iron, found 
in the neighbourhood of Ytterby, together with garnet, gadolinite, in a rock con- 
sisting of quarts, orthoclase, albite, and mica. It has a metallic lustre, trranulat 
fracture, pure black colour in the mass, blackish grey in powder. Hardness « 5. 
Specific gravity — 6*82. It exhibits no distinct indications of crystalline form or 
cleavage. Its analysis gave : 

TVO» SnO* CuO CaO YO CeO UO FeO MnO MsO H'O 

62*42 6*56 0*10 426 6*19 1*07 4*87 8*06 3*32 0 26 3*26 = 99-37 

Before the blowpipe it decrepitates and flies to pieces, gives off water, and turns brown 
without melting, in'the oxidising flame; by phosphorus-salt it is easily dissolved to a 
bluish-green glass; easily also by borax to a clear glass rendered opaque by flaminc * 
by reduction on charcoal with carbonate of sodium, it yiolds metallic spamrles 
(Nordenskiold, Pogg. Ann. cxi. 273; Jahresber. 18G0, p. 780.) * ^ ’ 

BOniTBSXTB. A hydrated arsenate of magnesium from the Bannat, found im- 
bedded in calcspar. It forms rhomboi’dal laminae of 36° and 144°, bevelled on the 
sides, closely resembling, the most comraou form of gypsum, and probably belomriturto 
the monoclinic system, cleaving perfectly in the direction of the pmaeoidal face 
having a mother-of-pearl lustre on the cleavage- faces ; white, transparent (translucent 
in the thicker parts), flexible in thin layers. Hardness ~ 0-,5t Specific nruvitv 
”. 2 ; 474 - S? lin ‘ e u r . 8 of jt m,, '‘ c 7 cn i" ^0 tiara, of a candle. An analysis by 
X. Hauor (R6p. Chim. pure, u. 286)gavo 24*64 per cent. MgO, 46’33 As a O» amt 29 07 
water (= 99 94), agreeing with the formula, Mg»As*0’8H*0. (Haidiniror Wien 
Akod. Ber. zi. 18.) ® ’ 

(ii^H3) C1ffB X,AWAT1Ers ' For tlle com po«ition of the oah of this grass, see Chassis 


EOLHB8ITE. See Ci.tntonite (i. 1026). 

HOM(EOMO&PBI8M. See Isomoufhism. 

KOMIoa&nr. A mineral closely rolatod to barnhanltite (i. «08), and cornier 
pvrites (n 77), from Pkuen in tho Saxon Voigtland (and other localities), wherelt 
h.rras, together with carbonate and silicate of copper, a vein of copper-ore imbedded in 
greenstone. It occurs sometimes in quadratic crystals, but more generally massive 
Hardness between 4 and 6. Specific grnvity = 4-472 to 4 480. Colour, brass-yellow 
' more of a bronze tint than coppor-pyrites, and quickly acquiring a mnnv- 
Ti h ™" k : Streak black. According to an analysis by Itichter, it co"S. 
In H L P.°L, cc ' nt - lron ’ 43 76 <»Ppor, and 30-21 sulphur, agreeing with tho formula 
(Breithaupt, Sill. Am. J. [1] xivi 8. 132® xx!x. 3 73 llam- 
metsberg > s Mineral chemie, pp. 426, 987.) iraw 

■OMOCVMXMTXC Aca. C"H"0 ! - Cyminic acid. (Iiossi, 

Cornpt. rend. lii. 403 ; Ann. Ch. Pliarm. Suppl. i. 139.)— An acid homologous with 
cuminic acid, prepared by treating cyanide of cymyl, C'^H^Cy (obtained by the action 
01 c * amdo of potassium on the chloride, ii. 296), with potash-ley at tho boiling heat: 
C”H'».CN + 2H 2 0 « C l0 H H O 3 + NIi*. 


It crystallises in small needles; melts at 62°; distils without decomposition; dissolves 
sparingly 'in cold, easily in boiling water, also in alcohol and ether, reddens litmus and 
mimjKwes carbonates. The potassium-salt is deliquescent ; the barium - and calcium - 
« crystallise in needles ; the magnesium-salt in nacreous scales ; the silver-salt has 
tii« composition C^H^AgO*. 

i ^ low melting point of this acid raises a doubt as to whether it is the true 
. cuminic acid (which, mejts at 92°) or an isomer of that hornologue 
e i* 1D tlle * arne manner as the aeid C"H 8 0 J , obtained by Cannizzaro from 
• Ja ° of benzyl (probably «-tolaylic acid), is related to the true toluylic acid. 

3 ^®**®*“^®**® ACX3D. This name was given by Cloez (Compt. rend, xxxiv, 
which ' ftn , aci r’ Homeric if not identical, with glycollic acid, found in the mothcr-liquo* 
lionoi- i ?. the preparation of fulminating mercury. By neutralising this 

=5 stall* * the volatile products (acetic ether, repeatedly 

liquid . 8 remaining solution by spontaneous evaporation, and decanting the 

ton-ii more soluble salts, the. calcium-salt of this acid was obtained in 

nodulse resembling lactate of calcium. — The acid itself formed, when cow 

• With tuasstfcaufajdrfate. 

U 2 
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centra ted, a symp which did not crystallise. The silver-salt crystallised in long thin 
lamina, sparingly soluble in cold water. 

lOXOiOOOtri BVB8TAVCX8. This term is applied to organic compounds 
differing from one another in composition by CH 2 or any multiple thereof ; for example, 
the alcohol* C-H* + *0, the fatty acids OH 2o 0 2 , and the aromatic acids OJEP^-W.— 
Bodies thus related exhibit, for the most part, a regular gradation of properties, both 
physical and chemicaL Thus, in the senes of fatty acids, formic acid, CH 2 0*, and 
acetic acid, C 2 H 4 0\ are watery liquids without any trace of viscosity ; propionic acid, 
CTPO*, is slightly oily ; butyric acid, C 4 H 8 0 2 , valeric acid, C a H ,0 0 2 , and a considerable 
number of others exhibit more and more of an oily or fatty character as their atomic 
weights increase ; while palmitic acid, C 18 H M 0 2 , and stearic acid, C )8 H 86 0 2 , and a few 
others, are at ordinary temperatures solid fats, exhibiting higher melting points as 
they rise higher in the series ; and lastly cerotic acid, C^H^O* and melissic acid, 
C**H*O a , are of the consistence of wax. Similar relations are observed in the series of 
, alcohols, corresponding with these acids. Moreover, the chemical energy of bodies 
thus related continually decreases as their molecules become heavier. Common 
alcohol is violently decomposed by potassium and sodium, with rapid evolution of 
hydrogen ; but on the fatty alcohols, these metals act but very slowly. Similar 
differences of character are observed between the higher and lower terms of 
the fatty acid series. Formic and acetic acids are highly corrosive liquids, which 
unite energetically with bases, and decompose carbonates with the greatest ease ; 
whereas the solid fatty acids, stearic, palmitic acid, &c., exert no action on the 
animal tissues, do not enter readily into direct combination with any bases excepting 
the strongest, and decompose carbonates but slowly. 

Bodies belonging to the same homologous series exhibit, for the most part, 
regular gradations of boiling point and of atomic volume. With regard to the latter, 
Kopp has shown that compounds whose chemical formulae differ by n CH*, differ in 
atomic volume by n.TL (i. 444). The relations of boiling point exhibited by homo- 
logous liquids are fully detailed in the article Heat (p. 89). 

Various attempts have been made of late years to build up the terms of homologous 
aeries, the higher from the lower. Frankland and Kolbe in 1847 (Ann. Ch. Pharm. 
lxv. 288) showed that a cyanide of an alcohol-radicle of the series C"H 2n+1 , may bo 
converted into the next higher acid by boiling with aqueous potash, the action consist- 
ing in the assumption of the elements of water, with elimination of ammonia, e.g . : 
CH\CN + 2H a O - C*H<0 2 + NH 8 ; 

Cyanide of Acetic 

methyl. acid. 

and generally 

OH 2 * +, .CN + 2H 2 0 - c*+ , H 2 a+ 2 0 2 + NH 8 . 

Another method of passing from an alcohol to the next higher acid was discovered 
in 1859 by Wanklyn (Proc. Roy. Soc. x. 21), who showed that sodium-ethyl (prepared 
from zinc-ethyl, which is itself obtained from iodide of ethyl, and this from ethylic 
alcohol) exposed to tho action of carbonic anhydride, absorbs that gas, and is converted 
into propionate of sodium : 

C*H 5 Na + CO* - C 8 H‘Na0 2 . 


Neither of these reactions, however, affords the means of obtaining one alcohol of 
the series from the next below it, because no method has yet been discovered of con- 
verting a fatty acid into the corresponding alcohol. „ 

The great problem of passing from one alcohol to that next above it has, however, 
been solved in a general way by Mendius (Ann. Ch. Ph^Bfc exxi. 129), whose 
method consists in exposing the cyanides of the al<»hol-ra4(8|ps to the action of 
nascent hydrogen, thereby converting them into the amines of. alcohol-radicles higher 
than the radicles started from. In this manuer, starting from hydrocyanic acid, he 
obtains methylamine, thus : 

HCN + H 4 - CH>N 


Cyanide of 
hydrogen. 


Methylamine. 


Methylamine treated with nitrous acid yields methylic alcohol (see Amines, i. 174); 
this compound may be converted by well-known processes into cyanide of methyl ; and 
this cyanide treated with nascent hydrogen yields ethylamine : 


CH».CN + H 4 

Cyanide of 
methyl. 


- C*H T N. 

Ethylamine. 


Xtom this last compound, by similar processes, we may ascend to the tritylic <* 
£ropyUc stage, and thus, by a repetition of the same reactions, the series of alcohols 
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OH te+ *0 may be ascended, step by step. The general conation representing the 
passage from an alcoholic cyanide of this series to the next highest amine is: % 

OH® b+i .CN + H 4 - 0 +, H ta + 4 N. 

This reaction will in all probability be found to succeed with cyanides derived from 
alcohola of the aromatic and other series, and thus a general method of producing an 
alcohol of any series from the one next below it may be obtained. 

Carius (Ann. Ch. Pharm. cxxvi. 215), by heating ethyl-gas (C 4 H W ) to 100° with 
bromine, has obtained a liquid haring the composition and boiling point of dibromide 
of tetrylene : 

C*H'* + Br‘ - C 4 H"Br* + 2HBr. 


This compound, if really identical with dibromide of tetrylene, might be converted by 
known processes into hydrate of tetrylone ; and this by the action of hydriodic acid 
into iodide of tetryl ; whence, by distillation with potash, tetrylic alcohol might be 
obtained. This process appears then to give the means of mounting up the senes by 
two steps at once. Lastly, Schorlemmer, by subjecting ethyl-amyl, C , H\C‘H' 1 
(isomeric with hydride of heptyl, C 7 H'* H), to the action of chloride of iodine, has 
obtained a chloride, C 7 H*\C1, which appears to be identical with chloride of heptyl 
obtained from the hydride of that radicle (p. 144). The problem of ascending from 
one alcohol to another in an homologous series appears therefore to be capable of solu- 
tion in several different ways. 

For speculations on the cause of homology, and the relations between homologous 
compounds of different series, see Carius (Ann. Ch. Pharm, cxxvi. 210). 

BOHBTi The honey of the common bee contains cane-sugar, inverted sugar 
(ii. 864), and an excess of dextroglucose. The proportion of cane-sugar varies with 
tho ago of the honey, as it is gradually converted into inverted sugar by the action of 
a ferment contained in the honey. According to Soubeiran (Compt. rend, xxviii. 774), 
bees’ honey contains, besides dextroglucose and a dextro-rotatory sugar capable of inver- 
sion (? cane-sugar), likewise an un cry stalli sable sugar, possessing a lsevo-rotatory power 
three times as great as that of inverted sugar. The honey of the Polybia amcipennis , 
a kind of wasp widely distributed in tropical America, yields cane-sugar in large crys- 
tals (ii. Karsten, Pogg. Ann. c. /'SO). The honey of the Mexican honey-ant is, 
according to C. M. Wetherili (Chem. Gaz. 1853, 72), a nearly pure solution of 
uncrystallisable sugar, C*H H 0 T (dried in vacuo) ; it has a slight acid reaction, and the 
volatile acid contained in it reduces oxide of silver like formic acid. 


HOVIT-BTONB. See Mrlt ith. 

HOP. (Humulus Lupulus.) — Tho fruit of the hop is formed of small membranous 
cones, at the base of which is found a yellow bitter powder called lupulin (q. v.\ 
containing, according to an analysis by Yves*, 36 per cent, resin, 12 wax, 11 of a 
peculiar bitter principle soluble in water and alcohol, 5 tannin, 10 extractive matter 
insoluble in alcohol, and 26 of residue insoluble in water. Yves found in hop-cones 
dried at 30° C., 10 per cent of lupulin. According to Payen and Chevallier, tna pro- 
portion of crude lupulin is 13 per cent., about 4 per cent, of which consists of minute 
particles of the cones themselves, resulting from the sifting. 

Lupulin distilled with water yields valerianic acid and a volatile oil, containing a , 
n> droearbon, C I# II 1- , together with valerol, C*H l# 0 (see Hops, Oil dp). The resinous 
matter which remains after the distillation still retains a considerable portion of 
Tab rol, and, when distilled with slaked lime, yields valcraldehyde, 

Lupulin treated with alcohol yields, according to Payen, Chevallier, and Pelletan, 
a x>ut 65 per cent, of its weight. The dissolved portion consists almost wholly of resin, 
extractive matter, and tannin, the two latter soluble in water, whereas the resin, which 
00,18 ^ P** con k tho lupulin, is insoluble. This resin, when purified by 

repeated solution in alcohol, precipitation by water, and drying, gives by analysis num- 
wa” W _ .rciay he represented by the formula, O 4 H 74 0", together with a quantity of 



fiweolved, together with malic acid, in the water in which lupolin has been 
d ^ ^ To isolate it, the free acid is saturated with chalk, the liquid evaporated to 

f* 8 * r treated with ether, which dissolves a small quantity of resin. 

evnix> U i 18 t h° n 8e parated from the malate of calcium by solution in alcohol, and 
feddhih < hr ur8w \ Lupulite thus prepared is white or yellowish, or sometime* 
yellow, sometimes translucent, sometimes opaque. It has no odotur, unless 

fiT/T 44K*fo»,par MM. Yves, Pajm. ChevsflW, Pellets**, Wafoer, Vkaadtrsst MhtmS 
nuu 4c la qncttion, par K. Kopp. (Rip. Chtm. app. 1866, p. 
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When strong!} boated, in which case it exhales the odour of bops (perhaps in conse- 
quence of retaining a small portion of essential oil); it possesses the ehaaacteristie 
taste of hops. It has not been analysed. It is soluble in alcohol, but nearly insoluble 
in ether. By dry distillation it yields a considerable quantity of empyreumatic oil, but 
no ammoniacal products. 

The tannin or astringent principle of the hop was for a long time regarded as iden- 
tical with gallotannic acid, and as capable of conversion into gallic acid, and this 
change was supposed to account for the fact that old hops are not capable of clarifying 
beer. But, according to A. Wagner, gallic acid cannot be detected, even in very old 
hops quite unfit for making beer. He regards the tannic acid of hops as identical 
with morintannic acid, and finds that it amounts to between 3*2 and 6*7 per cent, of 
the hops. 

According to Payen and Chevallier, the active principles of the hop do not reside 
exclusively in the lupulin, as was formerly supposed ; they found, indeed, that hop- 
cones completely freed from lupulin, still yielded about 26 per cent, of substances 
soluble in alcohol. 

To discover whether hops have been sulphured, Wagner treats them with granulatod 
sine, water, and pure hydrochloric acid. Any sulphurous acid that, may be present is 
then reduced by the nascent hydrogen, and the liberated sulphur uniting with the 
hydrogen, forms eulphydric acid, which, if passed into a solution of nitroprusaiate of 
sodium, generates a deep purple colour (ii. 267). This reaction will detect extremely 
small quantities of sulphurous acid ; larger quantities may be detected by the odour, 
by the precipitation of iodine from a solution of iodate of potassium, and by various 
other reactions. 

The ashes of hop-cones yield by analysis the following results : — 





"Way and Ogtton.* 

H. Watt».f 




Bentley 

Golding 

Grape 

Grape 




variety. 

variety. 

variety. 

variety. 

Potash 



11-98 

24-88 

25*56 

19-41 

Soda .... 



, , 


. 

0-70 

•Lime .... 



1793 

21-59 

18-47 

14-15 

Magnesia . 



6-94 

4-09 

5-27 

6-34 

Alumina 



. 



1*18 

Ferric oxide 



1-86 

1*76 

*1-41 

2-71 

Sulphuric acid (SO 1 ) . 



7-01 

7-27 

11-68 

8'28 

Chlorine 






2-26 

Silica .... 



22-97 

19-71 

9 99 

17'88 

Carbonic acid (CO*) . 



6-44 

2-17 

4*54 

11*01 

Phosphoric acid (P*O fc ) 



21*38 

14-47 

17 68 

14*64 

Chloride of potassium . 



6-46 

# # 

4-34 


Chloride of sodium 



. 

3-42 

0-12 


Churcoal and loss 



. . 



2-44 

• 



99-96 

99-95 

98-96 

100-00 

Ash per cent, of the dry substance 

8-07 

6-96 

721 


1 »* v » fresh 

” 


7-27 

5-22 

6-52 

♦ 

6-6 


xne nops ana iy sea by Watts were grown on a heavy clay-apil near Hawkhurst in 
Kent. The crop was rather abovo the average, viz. 12 cwtAfr the acre. By com- 
paring this amount with the analysis of the ash, it is fouJRtlmt the hops grown 
on an acre of ground extracted from the soil 87 pounds mineral constituents, 
including 12 to 13 oz. of phosphoric acid (P 2 O a ), 17 lbs. potash (K 2 0), and 16 lbs. 10 oz. 
of silica. This is sufficient to account for the well-known exhaustive effect of this 
plant on the soil. (For the statistics of the growth of hops in this country, see 
Dictionary of Arts, See., ii. 460.) • * 

a *w^ XT3 n* ^ cadmiferous sinc-ore from the calamine mines of Altenberg, near 
Aix-la-Cnapelle. It has not been completely analysed, but appears to be a hydrated 
phosphate of sme, containing a small quantity of cadmium. It forms transparent or 
translucent prisms, belonging to the trimetric system, having a greyish-white colour 
ana vitreous lustre. It occurs also in reniform masses and amorphous. Specific 
gravity 2*76 to 2*86. Hardness 2*6 to 3. It is sectile. (Dana, ii. 419.) 

HOPS, on, OF. Hop- cones or lupulin distilled with water, yield an essential oil 

pi ’ J * hre * ber - ,M9 ' «*• 
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having the odour of thyme, and consisting, according to R. Wagner (Dingl. poL JT, 
cixm 217), of a hydrocarbon isomeric with oil of turpentine, and an oxygenated oil, 
apparently identical with valerol, C'H^O, and convertible by oxidation into valerianic 
acid, and perhaps also some of its higher homologues : hence the odour of old cheese, 
which hops acquire by keeping. The non-oxygenated oil is not altered by contact 
with the air, but the greater part of it is gradually dissipated by volatilisation. 

According to Personne (J. Pharm. [3] xxvi. 2419; xxvil 22), lupulin distilled 
with water, yields valerianic acid and an essential oil lighter than water, colourless 
and neutral after rectification, but becoming acid and resinous after some time. It 
begins to boil at 140° C., but the boiling point gradually rises to 300°. The portions 
distilling between 150° and 160°, and those which distil at about 300°, appear to have 
the same composition, viz. CV'H'K). Both these portions of the distillate turn the 
plane of polarisation to the right ; remain fluid at — 1 7° ; dissolve without red colour 
in sulphuric acid ; are converted by nitric acid into valerianic acid and a resinous sub- 
stance; aDd when let fall by drops on molting caustic potash, yield a hydrocarbon, 
C I0 H ,B and valerate of potassium. Hence, Personne regards the volutile oil of lupulin 
as analogous to essence of valerian, which, according to Gerhard t, consists of borneene, 
C ,# H ,B (i. 626), and valerol, C*H 10 0. The hydrocarbon from oil of hops is not, however, 
identical with borneene, inasmuch as it cannot be converted into borneol. 


BOSDEIN. Barley-starch obtained by kneading barley-meal in water, and leaving 
the liquid to settle, does not dissolve completely when warmed with acidulated water, 
but leaves a pulverulent substance, to which Proust gave the name hordcin. It ap- 
pears, however, to be, not a definite substance, but a mixture of starch, cellular tissue, 
and an azotised body. 


BOU1VM VUXCtAJtB. Barley . — The composition of the grain of barley, as 
determined by various observers, has been already given in the article Cereals (i. 825); 
also the composition of the ash of the grain, and of the straw and chaff, as determined 
by Way and Ogston, showing the limits between which the amounts of each constituent 
was found to vary. The following table (p. 168) contains a moro detailed statement 
of the results of these ash-analyses. 


SORB. See Horny Tissue (p. 170). 

HORITBLENBE, Amphibole . — A mineral which plays an important part in the 
composition of rocks of the primitive and transition periods. Hornblende-rock and 
hornblende-slate consist almost entirely of it, and, in diorite (greenstone), syenite, 
hornblende-gneiss, &c., it enters as an essential constituent. 

Hornblende forms prismatic crystals belonging to the monoclinic system. Ratio of 
axes, a : b ; e, =* 1-837 : 1 : 0 6401. Inclination of the elinodiagonal (b) to the 
principal axis (c) =. 7510°. The angle cxP : c*P = 65° 30' ; +P : +P in the 
elinodiagonal principal section - 148° 30'; oP : ooP = 7C° 59'. Ordinary combination 
<*P . [ ooP oo ] . + P . oP . (Fig. 55 6a.) Twins with face of composition parallel to obF<d 
as in the figure. Cleavage perfect, parallel to ooP. It is 
also found imperfectly crystallised ; fibrous or columnar, coarse Fig. 556a. 

or fine, with fibres often like flax; sometimes lamellar, also 
granular, coarse or fine, and usually srrongly coherent; some- 
times friable. Hardness 5 to 6. Specific gravity 2 '9 to 3*4. 

Lustre vitreous to pearly on cleavage-facos ; fibrous varieties 
often silky. Colour varying from black to white, through 
various shades of green, inclining to blackish-green; common 
hornblende, which contains much iron, is nearly black. Streak 
uncoloured or paler than the mineral. Sometimes nearly trans- 
parent, usually translucent to opaque. Fracture subconchoidaJ, 
uneven. 

The chemical composition of hornblende was formerly repre- 
sented, in accordance with the results of older analyses, by the 
general formula 5M J 0.6Si0* (or iMO.SMO *) ; but Ram mels- 
er 8 (Mineralckemie, pp. 426, 494,) has shown, by comparison of the more recent 
analyses by himself ana others, that all hornblendes are mctasilicates, of the general 
H*O.Si0 2 or M*SiO*. The metals included under the general symbol M 
Jjjje calcium, magnesium, iron and sodium, sometimes also manganese and potassium, 
s h* mcta ^’ replacing one another isomorphously, give rise to a great number of 
ubstances differing considerably in composition as well as in colour and other physical 
properties, A further variation is caused by the presence in many varieties of 
ia . en l er *> not in place of the protoxides M*0, for the amount of the hitter 



norff, found to be in inverse proportion to that of the alumina, but in place of a certain 
PJ™on or the silica* and in such proportion, according to Bonedorff that 1 at 8iO*mav 
**&**£& a a isomorphously replaced by lat by 8 A/* 0 s ), but according 
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to Rammrisberg; in the proportion of 2A1*0* for 33iO* or Al 4 for 8i*, ths quantity of 
oxygen in the acid constituent of the mineral remaining unaltered. 

Many varieties of hornblende likewise contain small quantities of fluorine, probably, 
according to Rammelsberg, in the form of a double fluoride of silicon and calcium, or 
magnesium. Titanium is also sometimes present in small quantity. 

The pale varieties of hornblende containing no iron fuse readily before the blowpipe, 
with intumescence, forming a glass which is either transparent or exhibits various 
degrees of translucence down to milk-white opacity. With borax they form a colour- 
less glass. The lighter coloured ferruginous varieties fuse alone , with more or less 
difficulty, to a dark yellowish glass , and give with borax a transparent glass tinged with 
iron, the darker green varieties afford a deeper iron colour. Hornblende containing 
alumina and a little iron, acts much like tlje non-ferruginous varieties ; but the black 
varieties fuse to a brilliant black bead and give with borax a glass tinged with iron* 
Anthophyllite melts with difficulty to a glass coloured by iron. 

The following are analyses and descriptions of the principal varieties of horn- 
blende. 


I. 

Tremolite : 

Hornblendes with little or no Alumina. 
SiO* MgO CaO TeO MnO Al*0» 

Lom by 

\. St. Gothard, white . 

. 57*73 

27 45 

13-96 


. f 


6*33 


2. Gouvernetir, N. Y. 

. 67-40 

25*69 

I3-H9 

1*36 

. . 

0*38 

0*40 


3. Greenland, greenish white 

. 54-71 

23 92 

I5*<;6 

2*41 

, . 

. . 

3-33 


4. Tyrol, Asbestos . 

, 67 50 

33*09 

13*43 

8*88 

. . 


2*36 


Actinolite : 

ft. Arendal, grey- green . . 

, 6677 

21-48 

13*66 

6-88 

. . 

097 

2-20 


0. Ht-Uingfora, „ . • 

67*20 

9*45 

31*20 

11*75 

1*15 

0*30 



Anthophyllite : 

7. Kong.berg, Norway . 

66-74 

24*35 


13*94 

2-38 

. . 

1 67 


ft. Kupferberg, Bavaria . 

66*69 

3046 

1*76 

ft-40 


4 03 



9. IVrth, Upper Canada 

67 60 

29-30 

355 

210 

. . 

320 

3*55 


10. Cummington, Man. • 

60*91 

10*30 

. . 

32G0 

. , 

0*92 

3*04 

Na«0 

11. Ural, Asbestos . . . 

58*72 

30-90 

, , 

8*10 

, , 

0*19 

1*58 

066 

Co mm in# ton ite : 

12. Cummington, Mail. . • 

4891 

2-36 

200 

. . 

46 74 




13. „ „ • • 

61*21 


9 93 

4 34 

42 65 


. • 



- 99*45 

- 99*13 

- 99*43 
a 100-3* 


-100 86 
-100 9* 


- 99*06 
-100-34 

- 99 30 


J - 99*43 
- 99-49 


-100*00 

-101*19 


1.2 5 Rammelsberg (Pogg. Ann. clli. 273, 435 ; Mmerolchemie , p.468) — 4. Scherer (Pogf. 
Ann. Ixxxiv 2-11).— ft. Rammelsberg ( toe . at.). — 6 Popping (Ben. Jahreiber. xxvil. 3*91.— 7. 
Vopeliui (Pofcg. Ann. xxll. 368) — 8. Sackur (Kainmeliberg’i Mineralchemie , toe. 
Thomson (Rec. Gen. Scl. xvll.).— 10. Smith and Brush (Sill. Am. J. f2] xvl. 318). — 11. Helnts 
ll’ogg. Ann. Ivili. l(*a).— 12. Hermann (J. pr. Chem. xlvii. 7).— .1 Sc hi leper (Sill. Am. J. [2} lx. 
410). 

a. Trtmolite or Grammatite, |si 4 0 ,a **Ca"Si0 , .3Mg"Si0 , l ia white, or with a 

greyish, greenish, or yellowish tinge. Crystals often in long slender blades, either 
distinct and traversing the gangue, or aggregated in columnar and radiated masses. 
Specific gravity 2'93. Transparent or translucent. Found in the Tremola valley* 
Switzerland, and on the St. Gothard, in granular limestone or dolomite ; in the Tyrol, 
the Bannat, at Giilsjo in Sweden, &c. Calamite is an asparagus-green variety of 
tremolite, found in prisms in serpentine, at Normarken in Sweden. 

b. Actinolite ( Actinote , Strahlstcin). — This name includes hornblendes which are 
isomorphous mixtures of metasilicates containing chiefly magnesium, calcium, and 
iron, their general formula being (Mg; Ca; Fe^SiO*. Actinolite occurs in bright 
green, bladed crystals, or columnar forms ; if in distinct rays, it is called glassy actino - 
ute. The crystals are long slender prisms, breaking easily in the transverse direction. 
Specific gravity usually between 3 02 and 3 05. Actinolite occurs at Greiner in the 
Zillcrthal; at Arendal in Norway; at Helsingfors, and several other places in Finland; 
at Taberg in Sweden, and in Pennsylvania, Haphilite is an asbestiform actinolite 
from Lanark in Canada. 

Asbestos (i. 415), when of a white colour or some light shade, is usually a fibrous 
variety of tremolite or actinolite. The darker specimens are varieties of anthophyllite, 

c. Anthophyllite. — This variety occurs in masses of a fine columnar structure, or mods 
up of acicular fibres of brown or greyish brown colour, often with submetallic lustre. 
Specific gravity 2*9 to 8*16. The cleavage affords prisms of 124 ^ 30', like other varie- 
ties of hornblende. An thophy Hites are found at Kongsberg in Norway, Kupferberg io 
Bavaria, Perth in Upper Canada, and Cummington in Massachusetts. 

The hornblendes included under this name vary considerably in composition ; that 

from Kongsberg consists of | Si 4 0‘*, or Fa'’SiO•.3Mg / 'S^O , ; that from Kupferberg 

contains twice as much magnesia, its formula being Fe'SiO , .6Mg"SiO*. The minerals 
from Canada and Massachusetts are altered antbophyllitos, the latter being approxi- 
y represented by the formula, Mg"SiO».3Fe"8iO\ 
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. n tomte it ■ «wwd'«Bwl» hornblende front Cmnmington, W 
, d ' <rrav]tv 3 '12, and consisting of manganous silicate, Mn"SiO». 

c r*Jr tfSkl-fiK * Hblack mineral found in QMenla^accomp 4 nyi ng eudia- 
Ivte It was formerly regarded as a variety of hornblende, with which indeed it U 
isomorphous ; but, according to Rammelsberg, it is a distinct species, whose formula ig 

2(M*0.Si0«) + Fe’0‘.3Si0 ! , or Si s O'». Eammelsberg’s analysis gives S 1-22 per 

cent SiO*. 2375 Fe ! 0’, 7*0 Feo/l-12 MnO, 2-08 CaO, 0*0 MgO, 10-68 Na’O, 0 0S 
K g O, 0'16 water, and a trace of alumina. 


II. Hornblendes containing Alumina > 



810* 

T10“ A1*0* 

O 

0 

1 

MnO MgO 

CaO 

). Orange Co., N. Y. f 

j 51*67 

. 

6*75 

2 86 . . 

. . 23-37 

12*42 

limpid crystals 

S. Brovlg, Norway, 

J 42*27 

1*01 

6*31 

6-6 2 2172 

1-13 3-62 

9-68 

black 

J. Vesuriut . 

s 

39-92 

14-10 

6 00 11-03 

0-30 JO-72 

12-62 

4, Purest, Finland, j 
light green . J 

8. Dial, greenish black 
6. Vat do Bovo, Eta a 

1 4612 

, ( 

7-56 

. . 2-27 

, . 21-22 

18-70 

44-24 

40-91 

101 

8-85 

13 68 

5-13 I J *80 
. . 17*48 

. . 13-46 

. . J3J9 

10‘82 

13-44 


Na*0 K*0 F 11*0 
0*75 0-81 . . (HG=981J 
314 2 65 . . OM8-08-63 
0*55 3*37 . . 0*37=»9«-98 
2-48 1-29 2-76 1-10=98-30 
2 08 0-24 0-26 0-39=982 7 
0-86=99 35 


1—5. Kammel • berg (Miner alchemic, p. 490).-6. v. Wa Ite ri h a u » e n ( Vulkanische Gesteine). 


The minerals included under this head are mixtures of the isomorphous compounds, 
M?O.SiO J , Fe 2 0*3Si0 2 and 3M0.2A1*0* (Rammelsberg.) 

Common Hornblende. — This name is applied to the dark green and black aluminous 
varieties, whether in crystals or massive. Specific gravity 3 1 to 3*4. The name alludes 
to its toughness. — Carinthin is an aluminous and ferruginous hornblende from Carin- 
thia. Specific gravity 3*127. 

Uralite , from the Ural, has the cleavage structure and composition of hornblende, 
but the external form of augite, and is regarded as a pseudomorph. The two species 
are variously mingled in different specimens, showing the change in different stages of 
progress. 

Diastatite is a hornblende from Wermland in Sweden, differing, according to Breit- 
haupt, from common hornblende, by a degree in the angle of the prism. Pargasite 
includes crystallised varieties (crystals usually thick and stout) ; of high lustre, and 
rather dark shades of green. It is also granular. 

Fine specimens of the dark-coloured hornblendes occur at Aussig and Treplitz in 
Bohemia; Tunaberg in Sweden, and Pargas in Finland. In Corsica there is found a 
variety of hornblende ( Verde di Corsica duro) which admits of a high polish. 

Altered forms of Hornblende. — Alterations of hornblende are mostly like those of 
• augite. Varieties often occur, containing water of hydration, especially asbestiform or 
anthophyllite varieties. The ferruginous change by oxidation is common, and all 
varieties are exposed to alteration from infiltrating waters, holding carbonates, sili- 
cates, &c., in solution, thus giving rise to magnesian, ferruginous, magnesio-ferruginous 
(chlorite), alkaline, or aluminous forms. Talc, steatite, serpentine, chlorite, mica, 
pinite, chabasite, limonite, magnetite, occur as hornblende pseudomorphs. 

BCOXllBLBNBE-llOCX is a rock consisting either wholly of hornblende or of 
that mineral mixed with quartz, and occasionally containing mica, iron pyrites, 
magnetic iron ore, and garnet. Homblendc-slate is a slaty variety of hornblende 
rook. These rocks belong to the oldest formations ; they seldom form extended beds, 
occurring more generally in masses subordinate to granite, gneiss, &c. 

HORlT-XiZiAD. Cera sine. Native chlorocarbonate of lead % PbCP.PbCO*, so 

called from its external resemblance to horn. 

HOBN-qiTlOKBILVBR Native sub-chloride of mercury. j^See Mbecuet.) 

BOBV-SZ1VBR. Native chloride of silver. (See Selves.)* 

HtEVSTONB. A variety of quartz resembling flint, but more brittle, and with 
& more splintery fracture. It is often called Chert . It is often found as a petrifaction 
on wood, and is used for making mortars and various other articles. 

SOSVY TIB8VB. Bpidermoee. — The epidermis of animals, hair, wool, silk, 
feathers, nails, claws, hoofs, horn, scales, &c., are composed, for the most part, of a 
substance containing less carbon, but more nitrogen and sulphur than the albuminoids. 
The epithelium which coats the internal cavities of the ani mal body, is also similarly 
constituted. 

The Bubstance, called horny tissue or epidermose, which forms the basis of all these 
structures, is obtained, though very far from pure, by exhausting the parts containing 
it with boiling alcohol ana other, after they have been comminuted as much as 
pottible. This treatment removes the fatty matters, together with the greater part of 
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the salt* end other foreign matter*, but it does not ensure the perfect homogeneity of 
the undiseohred residue. It ia known, indeed, that the horny tissues am composed of 
a number of superposed layers, cell-walls and nuclei, which axe perhaps not all of the 
same nature, but yet cannot be separated by the solvents above mentioned. 

The substance thus obtained from the various horny tissues, has been analysed by 
Mulder, Scherer, Fr4my and several other chemists, the results of whose analyses, 
though not agreeing very closely, still show that the substance forming the basis of 
these several tissues has, in all probability, the same chemical composition. 
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The proportion of ash is about 1 per cent. 

Horny tissue melts when heated, and burns with a bright flame, exhaling a pecu- 
liar odour. 

When exposed to tho action of boiling water in a Papin’s digester, it gradually 
dissolves, yielding an extract, which does not gelatiniso on cooling. By simple mace- 
ration in water, cold or warm, the horny tissues are gradually loosened, and exhibit a 
cellular structure more or less distinct. 

Caustic potash easily dissolves horny tissue, eliminating ammonia, especially with 
aid of heat, and forming a yellow solution, which, when treated with acids, gives off 
sulphydric acid and yields a white precipitate. When fused with hydrate of potassium 
it givos off* hydrogen, and forms acetic, butyric, and valerianic acids, also leucine, 
tyrosine, &c. Strong solutions of caustic potash or soda are the best reagents for 
bringing out the cellular structure of tho different horny tissuos, epidermis, nails, 
horn, &c. 

Strong sulphuric acid causeB horny tissue to swell up, and partly dissolves it when 
heated. The solution diluted with water becomes turbid when neutralised with an 
alkali, or mixed with ferrocyanidc of potassium. Prolonged ebullition with dilute 
sulphuric acid yields tyrosine, leucine, ammonia, &c. 

Nitric acid t especially if hot, colours horny tissue yellow, and ultimately dissolves 
it ; on addition of ammonia, the yellow solution acquires a darker colour, and finally 
assume* an orange tint. According to v. La er, ’xanthoproteic acid is formed in the 
first instance, then saccharic, and finally oxalic acid. 

Fuming hydrochloric acid produces with horny tissuo the same blue or violet 
coloration as with albuminous substances, and gradually dissolves the tissue on boiling. 
According to v. Laer, hair immersed even in cold concentrated hydrochloric add dis- 
solves in the course of some weeks. 

Acetic acid does not dissolve horny tissue, but only causes it to swell up. 

When chlorine is passed into water containing in suspension horny tissue (prepared 
from hair), the tissue undergoes no change in external appearance, but after diying 
it U harsh to the touch, and dissolves completely in ammonia, with evolution of 
nitrogen. 


SORftJSkCHBSTSrUT. Aesculus Hippocastanum , — The bark of this tree con- 
if*! 1 . 1 * , two fluorescent substances, msculin (L 60) and fraxin or paviin (ii 708), 
^letier and Caventou found in it a greenish fat oil, a red-brown ream, a bitter yellow 
substance, a peculiar red substance, tannin, and woody fibre. 

The folly developed leaves contain quercitrin, which is also found in the ripe 


• (I.) Scherer, Ann. Ch. Pham. at. (2.) r. Laer. fbid.x It. 156, 157,— (3.) 8c h lossberg er 
(Orrfatrdr* TraUt, lr. ls#7) — (4) Mulder’* Chtmi*che UnUr$uch t No. 3, p. 270. -(5.) Kemp, An* 
Ch. Pham. xliiL ||5..(0.) Fr4 my. Ann. Cb. Phys. (3] xirid. 47. 
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ieeda, but not in the undeveloped leaves, or in the coatings of the buds, or in the hark 
of the stem branches ; the leaves which fall in autumn contain only traces of it. 
(Bochleder, Wien. Akad. Ber. xxxi. 565.) ^ ■ 

The seeds c on t act 1 , according to Tipp (Vierteljahrschr. pr. Pharm. ui. 19), starch 
(about 14 per cent.), mucilage, gum, a non-drying oil, saponin, a tannic acid which turns 
iron-salts green, phosphoric acid, and calcium-salts. Fr 6 m y found in the seeds, saponin, 
a yellow colouring matter [? quercitrin] and a erystallisable bitter substance. Attempts 
have been made at various times to render the starch of horse-chestnut seeds fit 
for food by freeing it from the bitter substance by means of a weak alkaline ley. 
According to Flandin (Compt. rend, xxvii. 391) this is best effected by kneading 
the peeled and bruised seeds with water containing from to of their weight of 
carbonate of soda, and then washing them ; perfectly white starch then separates, which 
may be used as an addition to wheat-flour. According to Belloc, the same result 
may he obtained by the use of pure water. But according to Flandin, the alkali is 
required to remove an acrid substance and an acid resin, as well as the bitter principle. 
(Compt. rend, xxviii. 83, 138.) 

The cotyledons of horse-chestnut seeds have lately been examined by Bochleder 
(Wien. Akad. Ber. xlv. ; K6p. Chim. pure, 1863, p. 219), who finds, in the alcoholic 
extract, a bitter substance, argyrescin, an amorphous yellow colouring matter, and a 
substance which he calls aphrodescin, formerly regarded by Fr 4 my as saponin. 
These substances are extracted by successive treatment with alcohol, acetate of lead, 
water, and ether. 

Argyrescin, C* 4 H M 0 24 , is soluble in water and in alcohol, and is precipitated bv 
ether from its solution in absolute alcohol. When the aqueous solution is evaporated, 
it remains in the form of a gummy mass. From its solution in weak alcohol, it sepa- 
rates on evaporation in microscopic crystals, having a silvery lustre. The crystals 
have the composition 2C 44 H* , 0 24 .H-0. It dissolves in strong sulphuric acid, forming 
a solution which turns red when mixed with water. It is fusible, and bums with a 
very smoky flame. 

Argyrescin is resolved by acids into argyrescetin and glucose : 

C 54 H"0 M -> C 42 H**0 12 + 2C 6 H l2 0* ; 
and by alkalis into sescinic acid, C^H^O 2 *, and propionic acid : 

C M H M 0 24 + 3H*0 - C^R^O 21 + 2C*H*0*. 

With alkalis, however, an intermediate product is sometimes obtained, namely, an acid 
whose barium-salt has the composition C 4, H 85 Ba 2 0 24 , thus : 

C 44 H M 0 24 + 2TPO *= C 4, H M 0 24 + C*H 8 O a . 

This new acid likewise exists, ready-formed, in the cotyledons. 

Aphrodescin, C^H^O 23 , is soluble in water, and is precipitated from the hot so- 
lution by hydrochloric acid in bulky flocks. It is distinguished from saponin by ita 
solubility in alcohol, and by its reaction with alkalis, which is similar to that of argy- 
rescin, excepting that it yields butyric instead of propionic acid, thus : 

C M H t4 0 2# + 2H 2 0 « C^H^O 2 * + C 4 H*0* 

Aescinic acid, C^II^O 23 , iB obtained by precipitation from its salts, as a gelatinous 
mass, becoming pulverulent when dry. When boiled with a quantity of alcohol n< i 
sufficient to dissolve it completely, it becomes partly crystalline, but does not alter in 
composition. By drying at 1 30° in a current of carbonic anhydride, it undergoes u 
decomposition, which Rochleder represents by the improbable equatiofi O vt H w (j m ■ 
(mscinic acid) + C*®// 77 ^ 8 . £ ■ 

Aescxnate of potassium, C^II^KO 23 , is erystallisable. — The SpAtton-salt has tht 
composition C 4 *H 7i Ba 2 0”. — The had- salt contains a still larger proportion of base. 

Argyrescin, aphrodescin, and ascinic acid heated with hydrochloric add, are resolved 
rtmtVru!* wu a ^ ew /ubstance, teles cin C*H®*0 14 , or a product containing 
V " • When these decompositions take place in alcoholic solutions, the products 

formed are not constant, because the telescin may then be further resolved into 
manuit&u (r) and a compound isomeric with quinovic add. 

Aescinic acid, or rather telescin, dissolved in alcohol, mixed with hydrochloric acid, 
and boiled till a red colour is produced, undergoes a final decomposition, yielding a 
solution from which water throws down flocks of aes eigen in, C* 4 H‘*0 4 , isomeric with 
choloidic and with quinovic acid. This substance is soluble in sulphuric acid, and on 
addmg sugar to the solution, a red colour is produced similar to that exhibited by the 
biliary acids when similarly treated. 

Th« action of hydrochloric acid on an alcoholic solution of telescin or sescinic acid 
sometimes also yields an intermediate product C-H“0*, which is isomeric with 
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pfinovin, and may be regarded as a compound of sescigonin with 2 at propionic 

C*H M 0 B - C“H»0 4 + 2C*H a O*. 

This view of its composition is supported by the formation of a impound, C”H 44 O r 
[PC^H^OM, con tain ing the elements of jescigonin and acetic acid, by the astion of 
chloride or acetyl on sescigenin. , * . , . A , 

Bochleder considers it probable that ecscigenm or its compounds may exist in 
other plants, afid that cyclamein and digitaliretin may belong to this group of com- 

^°The ash ofcths different parts of the horse-chestnut tree has been analysed by 
E. Wolff (J. pr. Chem. xliv. 385 ; Jahresber. 1847-8, p. 1078), for the purpose of 
determining how the proportion of the different mineral constituents are modified in 
passing from one organ to another, and how these constituents are distributed throughout 
the several organs. To eliminate any local character from the results, the organs sub- 
jected to examination were selected from trees growing on two very different soils; one 
a atony porphyritic soil, the other a moist forest soil often overflowed, very rich in 
vegetable mould, and much more favourable to the growth of the trees than the former. 

The mineral constituents were extracted by first charring the substance in a muffle 
heated not quite to redness, and exhausting the charcoal, first with water, then with dilute 
hydrochloric acid, drying the carbonaceous residue, and incinerating it completely in the 
muffle. The ash was then likewise exhausted with hydrochloric acid, and the united 
hydrochloric extracts, the aqueous extract, and the insoluble residue, were separately 
analysed. The results are given in the table on page 173. 

The ash of the wood, bark and leaves of the horse-chestnut has also been analysed 
by E. Staffel (Ann. Ch. Pharm. lxxvi. 379; Jahresber. 1850, p. 661), chiefly 
with the view of determining whether the amount of the several inorganic constituents 
in the plant and its different organs varies with tho season of the year. The method 
of analysis was similar to that adopted by Wolff, excepting that the charcoal was 
exhausted with water alone. 
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HO!Ma*YXdB8H OS& A term applied by the Cornish miners to certain 
varieties of purple copper. 

XOUGHXTB. A hydrated aluminate of magnesium, occurring, as the material 
of pseudomoiphous spinel, near Oxbow, and in Hossie, near Somerville, St. Lawrence 
county, New York. The crystals are in all conditions, from the pure spinel to octa- 
hedrons with rounded edges and pitted or irregular surfaces ; it also occurs in flattened 
nodules. It is perhaps identical with VoUcnerite ($. *.). (Dana, ii. 135.) 

HOfim A mixture of collyrite (i. 1084) with a hydrated carbonate of aluminium 
and calcium, found in the Upper chalk, in the neighbourhood of Hove, near Brighton. 
It is very soft and friable, having an earthy fracture and low specific gravity. ( J. H. and 
0. Gladstone, Phil. Mag. [4] xxiii, 461 ; Jahresber. 1862, p. 743.) 

* With a trace of manganic oxide. 
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HOWA^sm A meteoric mineral, described by C. U. Shepard. (Sill Am. I 
[2]*Vi. 402.) 

StTAVOXUV B. C 30 H 2f NX).--An alkaloid, isomeric, or perhaps identical, with 
cinchonine ; obtained from China de Huanoco plana , a cinchona-bark found in the 
Huanoco forests, north of Lima (A. Erdmann, Ann. Ch. Pharra. c. 341). The 
bark is repeatedly exhausted with water containing hydrochloric acid, and the base, 
precipitatea by caustic soda, is purified by repeated solution in acid, andjsprecipita- 
tion, till it becomes white, and finally by crystallisation from alcohol. 

Huanokine crystallises in small colourless prisms, very similar in form to cinchonine. 
According to H. Hahn (Jahresber. 1858, p. 372), they are monoclinic prisrife, exhibit- 
ing the faces ® P. oo P<x> . oP. Angle oo P : oo P in the clinodiagonal principal 
section = 71°; oP : oo P oo = 110°. Cleavable parallel to oP; less aistinctly 
parallel to oo P oo. It is tasteless ; but has a slight alkaline reaction, stronger in the 
alcoholic solution, which is also slightly bitter. It melts without decomposition, and 
solidifies in the crystalline form on cooling : at a stronger heat it sublimes. It is 
noarly insoluble in water, dissolves in 400 pts. alcohol of 80 per cent, at 17° ; and in 
110 pts. at the boiling heat; in 600 pts. ether at 17° ; aud in 470 pts. at the boiling 
heat. It is said to be a strong febrifuge. 

The salts of huanokine are precipitated white by alkalis and alkaline carbonates, 
yellowish white by tincture of galls, white by mercuric chloride, yellow by chloride of 
gold. 

The sulphate is nearly insoluble in water ; but dissolves easily in excess of acid ; 
the solution is not fluorescent. — The hydrochlorate is very soluble, and crystallises in 
large colourless prisma having an extremely bitter taste ; not fluorescent. According 
to Hahn (loc. cit .) the crystals are rhombic prisms, with the faces ooPoo . £ oo . P. 
Anglo oo P ; co P — 30°. — The ckloroplatinate also forms rhombic crystals, 
oo P . oojPoo.P. Angle ooP : oo P B 75 0 ; angle between the macrodiagonal 
terminal edges and the principal axis = 132°. — The tartrate forms hemihedral 

rhombic crystals, oo P . <x>Pn . oP . ?. Angle oo P : oo P. — 138°; — — 70°. 

2 2 2 

(Hahn.) 

According to Be Vry (J. Pham. [3] xxxii. 328), huanokine is identical with cin- 
chonine, the differences ooserved by Erdmann between it and cinchonine having been 
probably due to admixture of rpinidine or cinchonidine. He found that hydriodate 
of cinchonine agreed perfectly, m external character and in its relations to polarised 
ligh t, wi th the hydriodate obtained from huanokine prepared by Erdmann himself. 

BUDSONZTB. A black mineral from Cornwall, Orange County, New York, 
near the Hudson River. Specific gravity 3 43 to 3*5. It cleaves like Hedenbergite, 
and is regarded by Dana as a variety of augite, having a considerable portion of the 
silica replaced by alumina. The composition is, however, more like that of hornblende. 
Smith and Brush (Sill Am. J. [2] xvi. 369) found in it: — 

Loat by 

SS02 Al*O s FeO MnO CaO MgO K^O N»*0 Ignition. 

38-94 10-41 30-48 0*60 10 36 3 00 2*48 1-66 1*96 - 99 88 

Kcnngott found that a mineral from Monroe, designated as Hudsonite, was really a 
hornblende. (Rammelsberg* s Miner ale hemie, p. 996.) 

HiracBOXiDTnXTa. Syn. with Mkx.xh.itb. 

HUMBOLDTZIf 1. Syn. with Oxaxith. 

Syn. with Bathoxitb. 

HOTtgQ A CID. See Uxmic acid. 

UUAU41, See Chondroditb (i. 930). 

Acr». C“H»0' (?) (Wohler, Ann. Ch. Pharm. 1. 21).— An acid 
praraced, with evolution of ammonia, by heating narcotine to about 220°. 

C"H»NO* - + NH* [?] 

in ky dissolving it in potash, precipitating with hydrochloric acid, re-dissolving 

■ i ®?f°v precipitating by water. It is an amorphous, dark-brown substance, 
in Alt i* ***<* acids, but dissolves in alcohol with yellowish-red, and 

®°^ ut “ >n forming brown gelatinous precipitates 

ana ty, 8 * 8 of this acid gave 63*0 and 64*6 per cent, carbon. 6*3 and 6*0 hy- 
whence he suggested the formulae, C»W*Q* and The formula 

formnxP Te * n . rw l ture * 0^7 per cent carbon and 5*3 hydrogen) is based upon the 
HandhnJf n **?®tin« > recently established by Matthi essen and Foster ((fmdin's 
woo** ▼. 138). It is probable, however, that the acid has not been obtained pure, 
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and that the decomposition of narcotine by heat may be move complicated than that 
which is represented by the preceding equation. w ■*; " •> 

BQMOVB1 OX* TBS STS. See Eyb (ii. 654). 

BVXKOS, or Vegetable Mould , is the product q£ the decay of vegetable matter. The 
fallen leaves, and all the parts of plants which are returned to the soil, either during 
the life of the plant or after its death, undergo peculiar alterations, the result of which 
is to transform them into a mass of compounds whose nature has not been exactly 
ascertained, but which are known to contain a largo proportion of carbon. This decay 
is promoted by the action of air, by moisture, and by a certain degree of heat. It takes 
place most quickly in those constituents of the plant which are soluble in water, some 
of the insoluble matters, such as resins and fate, resisting decomposition for a long time, 
and remaining almost in their original state, so that they may be extracted from the 
humus by alcohol or ether. The decomposition is also greatly accelerated by the 
presence of putrifying nitrogenous matters ; and this is doubtless one cause of the 
Detieficial effect of animal manure. 

vegetable mould is in a continual state of slow combustion, whereby the organic 
compounds which it contains are gradually resolved into ‘carbonic acid, water, and am- 
monia, which, as they are formed, are taken up by the roots and plants : hence the effect 
of vegetable mould in promoting the growth of plants, and partly also the 
advantage gained by frequently turning up and pulverising the soil, whereby the access 
of air and the decomposition of the organic matter are facilitated. 

BVXTBUVS. The name applied by S. Haughton (Phil. Mag. [4] xvii. 18 ; 
Jahresber. 1859. p. 289) to a hydrated silicate of aluminium, having a fatty lustre and 
the aspect of felspar, found in a coarsely crystalline granite in the neighbourhood of 
N&gpur in Central India. Specific gravity = 2 ‘3 19, According to Haughton’s 
analysis, it contains 65*93 por cent. SiO 2 , 20*97 Al 2 O a , 0*30 CaO, 0*46 MgO and 11*61 
water ( — 99*26). This is very nearly the composition of cimolite (i. 984), with 
which also the mineral agrees nearly in lustre and specific gravity: hence Dana (Sill. 
Am. J, [2] xxviii. 133) regards it as identical with cimolite. 

HUBSiL'GrXiXTZ!. A phosphate of iron and manganese from Hureault, near 
Limoges, where it occurs in small veins in the granite. It forms translucent crystals 
belonging to the monoclinic system, having a yellowish- or reddish-brown colour and 
•vitreous lustre. Specific gravity = 2*27. Somewhat softer than felspar; contains, 
according to the mean of Damour’s analyses (Ann. Min. [5] v.), 38*00 percent. P CP, 
41*67 MnO, 7*86 FeO, 11*98 water, and 0*38 quartz &c. ; whence the formula 

\l?eO | ** 2 -£”0* + 6H*0 ; or it may be a double salt consisting of a pyro- and ortho- 
phosphate, of the form M 4 P 2 0 T .2M*P0 4 .6H 2 0. {Eammdsbery s Mineralcheviie, p. 330.) 

HURZiar. An acrid crystalline substance obtained from the juice of Hura crepitans. 
(Boussi ngault and Rivero, Ann. Ch. Phys. [2] xxviii. 430.) 

HUBOlfXTB. A mineral from Lake Huron, containing 45*80 SiO*, 33*92 A1 2 0\ 
8 04 CaO, 4*32 FeO, 1*72 MgO and 416 water. It forms imperfectly laminated 
masses, having a light greenish yellow colour and waxy lustre, translucent on the edges. 
(Handw. d. Chem. iii. 942.) 

HVIRflAliT. Native iron-alum from Iceland. (See Suepuatbs.) 

BTAOINTH. See Zircon. 

2KTJSNAXOH1 OXiOBOSA. (Lamb). — A euphorbiaceous plant, the pericarp of 
which contains a very acrid poisonous substance, resembling strychnine and the allied 
poisons in its action. The poisonous substance is uncrystajasable, easily soluble in 
water and in alcohol ; it has neither basic nor acid properti^R>ut cannot be classed 
among the resins, on account of its solubility in water. The anu of the fruit contains 
9*40 per cent, water, 5*36 gypsum, lime, potash, and chlorine ; 2*52 wax and chlorophyll; 
9*64 tannic acid ; 6*64 resin ; 16*15 starch, gum, and sugar ; 3*99 vamish-like substance, 
soluble in water and in alcohol; 36*00 cellulose ; and lastly, oxalic acid, and substances 
which can be extracted by strong hydrochloric acid and potash-ley. The seeds give up 
to ether, 41*06 per cent, of a green-yellow fat oil, then to alcohol 24*13 per cent, of a 
nearly black, brittle resin, resembling kino ; they contain 10*7 per cent, of inorganic 
matters, (J. B. Henkel, Arch. Pharm. [2] xciv. 16; Jahresber. 1858, p. 632.) 

BTAXJTS. See Opal. 

STA&OMUAXB. Syn. with Trachyte. 

1TA&OYBAX& A barytie felspar resembling adularia, discovered by 
Sartorius v. Waltershausen (Pogg. Ann. xciv. 134; c. 547) in the dolomite of the 
Binnenthal in the Valais. It is transparent and colourless when pure, but often milk- 
white from admixture of sulphate of barium. Hardness between 6 and 7. Specific 



myity a 277 to 2*83. It forma monoclinic crystals resembling those of adularia, 
ooj? . oP . + P«w, crf&o with ( a>Poo ). Angle ooP : ( 00 P 00 ) - 120° 88* ; dP : mj?. 

n2° O'; oP : 180° 86'. Cleavage perfect parallel to Poo (Walters* 

hausen). The analysis of perfect limpid specimen by Stookar-Kscher 
iKenngott'b Uebersicht , 1856-37, £> 1Q7) gave : 

SiO- A1*0* BaO ' *- CaO MgO K a O Na'O H»0 

62*67 21 12 lfi'Gd 0*6 0 04 7‘82 2 14 * 0*58 - 99-88 ; 

whence the formula |£®°jsiO* + Al=0>.3SiO» - Jji K * | Si*0* - (BMK*)'|o*; 

which is similar to that of andesin (see Felspar, ii. 618). {Rammdsberg's Mtneral- 
cheinie , p. 609.) 

BTAIOSXDSIIXTB. A variety of chrysolite from tho Kaisorstuhl mountain in 
the Breisgau, where it occurs in yellowish and brownish-red crystals. It contains 
31-63 SiO 2 , 32-40 MgO, 28 49 FoO, 0 48 Fe*0* t 2*21 Al-O*, 2*79 K*0, and a tmp> of 
chromium. To bring it under the formula of chrysolite, 2M , O.SiO* or M 4 Si0 4 , it is neces* 
eary to suppose that part of the silica is isoinorphously replaced by alumina. 

BTBLITB. Seo Palagonitb. 

BTDAXTTOIO 2LCXD. C 4 H 8 N 4 0 4 (?) — An acid produced by tho action of 
potash on allantoin. On supersaturating the solution with acetic acid, precipitating 
with acetate of lead, decomposing tho lead-salt with sulphuretted hydrogen, ana 
evaporating the filtered liquid, tho acid is obtained as an uncry stallisable syrup, 
deliquescent and insoluble in alcohol. It probably contains tho elements of allantoin 
plus 1 at. water (C 4 H a N 4 0 3 .H*0). (Schlicper.) 

The name hydantoic acid is also applied by Ilaeyer to an acid formed from hy- 
duntoin by addition of the elements of water : no description of it has yet been given. 

BTDAKTOXB. C*H 4 N*0*. (A. Baoyer, Ann. Ch. Phurm. cxvii. 179.) — A 

compound belonging to tho parabunic acid group, produced from allantoin by tho 
reducing action of hydriodic acid: 

C 4 H # N 4 0* + 2HI - CII 4 N 2 0 + C*H 4 N 2 0* + I 2 . 

Allantoin. Urea. HyUaatoin. 

Also, together with a small quantity of allanturic acid, by the action of hydriodic acid 
on ulloxanic acid : 

C 4 II 4 N 2 O s + 2HI «* 0*11 4 N 2 G 2 + CO 2 + IPO + I* 

Alloxanic acid. llydautoin. 

tt crystallises with great facility in colourless crystals easily Bolublo in water; taste# 
slightly sweet, and grates a little between tho teeth. It is converted by oxidation into 
allanturic acid : 

C 2 H 4 N*0* + O « C*H 4 N*O f . 

Hydantoin. Allanturic acid. 

With water it forms Baeyer’s hydanto'ic acid. 

BTSBACZB8. A term formerly applied to hydrochloric, hydrobromic, hydri- 
o<lic t hydrofluoric, and hydrocyanic acids, to distinguish them from acids containing 
oxygen. The distinction is, however, no longer maintained, all acids being now regarded 
as salts of hydrogen. (See Acids.) 

BTBBACBTIXC ACID. C , *II* a O n .— An acid produced by tho decomposition of 
iodopropionie acid, when a solution of a salt of that acid is heated to boiling : 

4C a H 4 IO* + 3H 2 0 - C^IP’O 11 + 4HL 

It is most easily prepared by digesting iodopropionie acid with excess of silver- 
oxide, decomposing the resulting silver-salt With sulphydric acid, and evaporating ths 
filtrate. Hydracrylic acid then remains in the form of a syrup, mixed with slender 
noodles. It is tribasic; nearly all its salts are easily soluble in water, and many of 
them are decomposed by heat, with formation of acrylic scid : 

Ckhwo 11 “ 4C*H 4 0 2 + 311*0. 

Hydracrylic acid. Acrylic sdd. 

The cupric salt is a blue-green varnish. The Uad’SaH, C 24 H ,0 (Pb' , ) , O* t , forms a whit®, 
crystalline, deliquescent mass, perfectly insoluble in alcohol, and decomposing when 
heated to between 160° and 200°. The stiver-salt t C , *H , *Ag*O l, l is a flocculent mass, 
becoming dark-coloured and amorphous when dry, easily soluble in water, sparingly 
Jn alcohol, insoluble in ether; decomposing below 100°. (Beil stein, Ann. .Ch. 
Pharm. exxii. 366.) 

.. A group of tertiary diamides (i. 172), formed by the action 

* HI. N 
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of ammonia on certain aldehydes, 2 at. of ammonia uniting with 3 at. of the alde- 
hyde, and 3 at. water being eliminated, as shown by the equation — 


8C T H # 0 + 2NH* 

* N%C 7 K •)• 

+ 3H*0 

Bitter Almond Oil. 

Hydrobenzamide. 

The following are the hydramides at present known : — 
Furfuramide .... C ,B H ,a N*0 I 

-S 


, Hydranisamide , • 

C«H 24 N 2 0» 

oc 

N*(C*H»0)» 

^Hydrobenzamide , , . 

C 2, H ,B N* 

- 

N 2 (C’H«)» 

*' Hydrocinnamide . . 


- 


Hydrosalicylamide . 

C 2, H ,8 N 2 0* 

- 

N*(C'ik*0)» 

Hy drobromosali cy lam i de 

C 2, H w Br*N 1 O t 

- 


Hydrochlorosalicylamido 

C 2, H ,5 C1*N 2 0* 

= 

N^C’frClO)* 


Glycosine, N 2 (C 2 H 2 ) 8 , from glyoxal (ii. 919), may also be regarded as a hydramide, 
or rather hydramine. 

The aldehydes of the fatty acids (acetic aldehyde and its homologues) do not appear 
to yield compounds of this class. 

The hydramides are crystalline solids, insoluble in water, soluble in alcohol, not 
▼olatile without decomposition, and not possessing alkaline properties ; but when left 
in contact with strong caustic alkalis (Fown es), or when simply raised to a high tem- 
perature (Bertagnini), they are converted into isomeric compounds possessing strong 
basic properties, c. g. furfuramide into furfurine, hydrobenzamide into amarine. The 
difference of constitution between these bases and the corresponding hydramides is 
not precisely understood ; hut Borodine has shown that amarine contains a larger 
number of atoms of replaceable hydrogen than its isomer, hydrobenzamide, (See 
IItdkobenzamidk. ) 

Some hydramides, e. g. hydrobenzamide and hydrosalicylamide, are decomposed by 
acids, yielding ammonia and the corresponding aldehydes. By sulphydric acid they are 
converted into sulphuretted aldehydes (thialdides), e. g. furfuramide into thiofurfol : 


(C a H 4 0) , N 2 + 3 IPS 

Furfuramide. 


~ 2NH» + 3C 6 H 4 OS. 

Thiofurfol. 


XTBRAmOTZV, C J H 4 N , S 4 . Disulphide of Snip hocar bam mon iu m , Dihydro - 
sulphuretted Sulphocganogen (Zeise, Ann. Ch. Pharm. xlviii. 95; Debus, ibid. 
Ixxiii. 27). — When chlorine-water is added by small portions to a solution of sulpho- 
oarbamate of ammonium in 5 or 6 pts. of water, the liquid being well shaken, and 
care being taken to avoid an excess of chlorine, this body is produced, as a flocculent 
crystalline precipitate, which must bo washed with cold water till the wash-water no 
longer reddens ferric salts, And dried in vacuo. It is also produced by heating an 
aqueous solution of sulphocarbamate of ammonium, first with a large excess of sul- 
phuric or hydrochloric acid, then with a ferric salt. 

Hydranzotin, when first prepared, is colourless, with a nacreous lustre, and in- 
odorous; but after a while it gives off sulphuretted hydrogen. It is very sparingly 
soluble in water, dissolves without alteration in afcohol, and is dissolved by t ther in very 
large quantity, but with some alteration, the solution reddening litmus. An alcoholic 
solution of potash dissolves a considerable portion of it, yielding a pputral liquid, which, 
when boilea, yields sulphide of potassium, sulphocyanate of potassium and sulphur. 

The same transformation takes place on boiling the solutfcto of the compound in 
absolute alcohol : Jp 

C*H 4 N*S 4 - H*S + 2CHN8 + & 


The compound is not decomposed by trituration with oxide of lead, unless the mix- 
ture is heated. By dry distillation it yields sulphido of carbon, accompanied by a 
little sulphydric acid, and sulphydrate and snlphocarbonate of ammonium, leaving a 
small quantity of a black substance. It is not perceptibly decomposed by sulphuric 
or hydrochloric acid. 

XT9XAXOAMTL, HTBRAXOITHTL, &c. See Msncuxujrm, Mmbcur- 
ttrtm., dec. 

MT ABO TXJUTB, See Gibbsiti (ii. 838). 

mfw XAXft TXtril, Syn. with Mbbcttby. 

W ** WPfg. An alkaloid discovered by J. D. P erri n s (Pharm. J. Trans. [2] 
oi. 546) in the root of Hydrastis Canadensis, in which it exists to the amount of about 
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"IT* 


t0 «** 1 *" with beAenne = it appws alao to have bwn previously noticed in 
1851 by -Durand 1 (Amer. J. £Wm. am 113) It i. very soluble in difotemWl 
acids, vrhich, on the other hand, dissolve berbenne but sparingly ; it may therefore be 
conveniently obtained from the alcoholic mother-liquors remaining after the separation 
of berbenne (u 379), For this purpose, the alcohol is distilled off, and theliquid. 
largely diluted with water, is cautiously mixed with ammonia till the resulting preoil 
pitate, consisting of a dark-coloured resin, no longer disappears on stirring. If the 
filtrate be then mixed with a slight excess of ammonia, hydrastine is precipitated as a 
brownish-yellow powder, appearing like starch under the microscope, and gradual!* be- 
coming ciystalline. By repeated crystallisation from alcohol, with help of iKmnl char- 
coal, it is obtained in colourless, shining, four-sided prisms, becoming dull when dry 
Hydrastine is nearly insoluble in water, but dissolves easily in alcohol, ether, ckloro* 
form and benzene , and may be extracted directly from the pulverised rqot by heating 
it in a percolator with either of these solvents, neither of which will dissolve berbenne 
Hydrastine melts at a temperature a little above 1 00° ; it has a sharp bitter tastes but 
does not appear to be poisonous. Strong nitric acid colours it yellowish-brown ; with 
sulphuric acid and chromate of potassium, or peroxide of lead, it assumes a brick-rad 
to carmine-red colour. Its solutions mixed with chlorino-water acquire a blue fluo- 
rescence. 

The salts of hydrastine are for the most part soluble. 

HYDRA TBS. This term is applied to compounds containing oxygon and hydrogen, 
the whole or part of which exists, or may be supposed to exist, in the form of water- 

e.g. * 


ITydrute of sodium 
Sulphuric acid 
Crystallised alum 
Crystallised glucose 


Na*0.H*0 
. SO’.H'O 
. Al'KS’O* GH'O 
. C # H‘*0* H*0 


Hydrate of chlorine . . C1.6H*0 

Hydrated chloride of barium BaCl*.2H*0 
Crystallised sulpharsenate 

of sodium . . 2Na s AsS 4 .15H 2 0 

Hydrate of turpentine . C ,0 H ,# . 2II 2 0 

Hydrated oxides may be regarded either as compounds of water with anhydrous 
oxides, as in the formulae of hydrate of sodium and sulphuric acid above given, the 
water playing the part of an acid in the one case and of a bnso in the other; or as 
compounds formed from a simple or complex molecule of water, «U 2 t>, l,y the replace- 
ment. of part (mostly half) of the typic hydrogen by a radicle either positive or negative: 



Basic. 

Hydrate 
of sodium. 

Acid. 

Alcoholic . 

Water. 

Nitric acid. 

Ethylic alcohol. 

IPO 

N h{° 

* H°> 

C H> 

m\°' 

Calcic hydrate. 

Sulphuric add. 

Glycol. 

m\ 0 ' 



m\°' 

Hydrate of 
aluminium. 

Orthophoiphoric 

acid. 

Glycerin. 

£>• 

(p gr jo- 

(c p> 


Stannic hydrate 

Glycero- sulphuric 
acid. 

Trlethylcnlc 

alcohol. 

g:|o- 

ST|o* 

(sot ) 

(C*HT'lo« 

H* J 

«^|c 



P yroph osp horlc 

Tetretbylenle 



acid. 

alcohol. 

H*(o- 





Ferric hydrate. 

Glycerotartaric 

Pentethylenlo 


acid. 

alcohol. 

£jo* 


(CTiTO* 

H* J 

(^jo- 

h’|o’ 


Trlglyc erlti. 



<°g*> , }o' 

^^e lastthrae compounds in the third column and the last four in the fourth, 
P e» of hydrates in which more than half the typic hydrogen U replaced 


if 2 


-b ; '+ 
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or alcoholic radicle 1 other examples of such hydrates (which may also be regarded 
Ml anhydrides, inasmuch as they are formed by dehydration of normal hydrates) will 
be fcund under Ethylene, Hvdratbs of (ii. 576), Glyceryl, Hydrates of (ii. 894), 
Glycbbotabtabjc acids (ii. 893). 

Metallic hydrates retain the elements of water with various degrees of force. 
Hydrate of copper parts with its water at a very moderate heat ; hydrate of calcium, 
at a strong red heat ; while the hydr. tes of potassium and sodium are not decomposed 
by the strongest heat that can be applied to them. Hydrated acids likewise exhibit 
* various degrees of stability. Tribasic phosphoric acid, P 2 0 5 .3H 2 0 or PH 3 0 4 , gives off 
part of iff water at a red heat, being converted first into the dibasic acid, P 2 O s .2H , O f 
and ultimately into the monobasic acid, P a O s .H 2 0, which resists further decomposition. 
The hydrates of volatile acids exhibit remarkable relations to heat. Under given cir- 
cumstances of pressure and temperatures, there is for each acid a certain proportion of 
water which forms a stable compound, a weaker acid under that pressure and tempe- 
rature giving off water, and a stronger acid giving off acid, till the most stable compound 
remains behind (Roscoe, Chem. Soc. Qu. J. xiii. 146). See Sulphuric acid, Nitric 
ACID, ChLORHYDRIC ACID, &C. 

The hydrates of the stronger acids and bases may be formed by direct combination of 
the anhydrous base or acid (anhydride) with water, the combination being sometimes at- 
tended with great evolution of heat, as in the case of sulphuric acid, baryta, and lime. 
In other cases, the hydrate cannot he formed directly, and in others again the union 
takes place but slowly. Acetic anhydride may be left in contact with water for several 
, days Without dissolving in it; but on the application of heat, it gradually dissolves. 
Among organic acids, it is found that dibasic acids are formed by the direct union of 
the anhydride and water, and that the hydrate may be decomposed by heat : this is 
the case with succinic and tartaric acids ; whereas the hydrates of monobasic acids, 
such as acetic acid, cannot be thus decomposed by heat alone. This difference is pro- 
bably related to the fact, that the molecule of a dibasic acid, like succinic acid, 

^ |o a , contains a sufficient number of atoms of basic hydrogen to form water; 

C 2 H s O ) 

whereas the molecule of a monobasic acid, such as acetic acid, „ [ O, does not. 


The hydrates of lithium, sodium, potassium, barium, strontium, and thallium, are 
easily soluble in water, forming strongly alkaline solutions ; hydrate of calcium is 
moderately soluble ; the other metallic hydrates are insoluble or nearly so ; those of 
magnesium, mercury, lend, and silver are, however, sparingly soluble. The hydrates 
of the more acid or chlorous radicles are all more or less soluble in water, with the 
exception of certain organic acids of high atomic weight, such as the higher members 
of the fatty acid series, palmitic, stearic, cerotic acid, &e. : these bodies dissolve readily 
in alcohol and in ether. Similar remarks apply to the alcoholic hydrates. 

In many hydrated compounds, part or the whole of the oxygen and hydrogen ap- 
pears actually to exist as water, as in bases, salts, &c., containing water of crystallisation : 
eg. crystallised hydrate of barium, Ba"H 2 U*. 811*0, crystallised alum (SQ 4 ) 2 Ar"K. 1211*0. 
Water can unite in this manner with salts and other bodies in the most various pro- 
portions, sometimes one molecule of the salt being united with several molecules of 
water, as in the instances above givon, and sometimes, though less frequently, one 
molecule of water with two or more molecules of the suit; sometimes in more complex 
proportions, as in crystallised nitrate of strontium, Sr"(N0 3 ) v .6H 2 0. 

Water thus united with a salt or other body is for the most part expelled at 100° C-: 
some salts, however, retain part of their water with greater tenacity than the rest ; thus 
crystallised sulphate of zinc, Zn"S0 4 .7H 2 0, gives off 6 at. water atA<fO°, but retains tho 
seventh atom till heated to 238°; sulphate of magnesium, MgJfeO*.7H 2 0, exhibits 
similar deportment. Moreover, this last atom of water, whichttrt 
appears to be more intimately united with the salt than the restful 
molecule of another salt, as sulphate of potassium or ammonium : 

Crystallised sulphate of zinc . . . Zn"S0 l .H*0 + 6 aq. 

Sulphato of zinc and potassium . . . | Q f Zn^K*(SO^* + 6 aq! 


its greater stability 
iay bo replaced by a 


Water united with a salt in this manner is called by Graham constitutional water , 
to distinguish it from water of crystallisation. Liebig distinguishes these hydrated 
compounds, tx}. Zn^SOMUO, by the term halhyd rates. 

HTXMUIULIC UMB8TOVI, See Limestone. 


ITBBIBIIi This term is applied chiefly to the compounds of hydrogen with 
metals, alcohol-radicles, and organic acid-radicles, e.g. hydride of copper, Cu*H* ; 
hydride of ethyl, C*H & .H ; hydride of benzoyl, C T HK).H. 
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Metallic Hydrides. A few only of these compounds arc known. Tbs most 
important are the gaseous hydrides of arsenic and antimony , AsH* and 8bH* 
(i. 322, 371), formed on the ammonia type. Phosphoretted hydrogen, or phosphamine, 
PH*, belongs to the same class. There is also a solid hydride of arsenic, supposed to 
have the composition AsH*, produced when water is electrolysed by a strong current, 
with metallic arsenic for the negative pole. It is doubtful whether a hydride of 
bismuth exists, analogous to the gaseous arsenides of arsenic and antimony. Hydride 
*>f copper , Cu*H*, produced by the action of hypophosphorous acid on aqueous 
cupric sulphate, is remarkable for its reaction with hydrochloric acid, the products of 
which are cuprous chloride, Cu’-Cl*, and free hydrogen (ii. 66). A hydridh of iron has 
been obtained by Wanklyn and Carius (Ann. Ch. Pharm. cxx. 69) by actingon 
ferrous iodide with zinc-ethyl. It is a black metallic powder, which gives off hydrogen 
when immersed in water. 


Hydrides of Alcohol-radicles. — 1 . Of the radicles CH*** 1 . These hydrides 
are the homologues of marsh-gas, or hydride of methyl, CIIMI, the lowest term iff the 
series. The hydrides of ethyl , trityl , and U try l are gaseous at ordinary temperatures; 
the rest, up to C ,5 H W , the highest yet obtained, are liquids of moro or less disagreeable 
odour, burning with a slightly smoky flame, ami regularly increasing in specific . 
gravity, vapour-density, and boiling-point, as their atomic weights become greater. 
The highest terms of the scries will doubtless bo found to be solid waxes and 
paraffins. 

Hydride of methyl (marsh-gas) is produced by the putrefaction and dry distillation 
of organic bodies, and by distilling acetic acid or acetone with excess of potash (L l*i). 
Hydride of ethyl is obtained by the decomposition of ethyl itself, which under certain 
circumstances splits up into this compound and ethylene (ii. 665): 

2C*H 4 - C*H\H + C*H 4 ; 

also when iodide of ethyl is decomposed by zinc in presence of water: 

2C 2 H S I + IPO + Zn’ « 2(C*I1MI) 4- Zn 7 I*0. 

Hydride of U tryl, C 4 I£ B .H, is produced by heating t< ‘try lie alcohol with chloride of 
zinc, and hydride of amyl , CHI". II, together with several of its higher homologues, by 
similar treatment of ainylic alcohol (p. 147). 

Hydride of amyl and some of its homologues are also eontainod, together with 
other hydrocarbons, in the light oils resulting from the distillation of Boghead coal 
(Hr. Williams, Phil. Trans. 1857, p. 727; Jahrcsber. 1857, p. 437.— Chora. Soc. J. 
xv. 130), and of Wigan cannel coal (Schorl e in mor, Chom. Soc. J. xv. 419): for 
the mode of separating them, sec p. 146. Many of these al coin die hydrides are also 
contained in American petroleum or earth-oil (which indeed appears to consist almost 
entirely of them), hydride of hexyl, CHI* 1 , constituting the principal portion (Pelouze 
and Cahours, Ann. Ch. Pharm. exxiv. 289; exxvii. 196;cxxix. 87). They are separated 
by fractional distillation, and purified by successive treatment with sulphuric acid and 
carbonate of sodium, desiccation with anhydrous chloride of calcium, aistillation over 
sodium, and final rectification. In this manner, Pelouzo and Cahours have obtained 
twelve of theso hydrides, included under the general formula OH* 0 **, from hydride 


Specific Gravities and Boiling Points of Alcoholic Hydrides , C"H* n-ft * 


ITvdrides of 
letryl C 4 II ,B . 
Amyl OH 1 * . 
Hexyl CH 14 . 
Heptyl OW . 
Octvl C*H ,f . 
Nonyl (711** . 

Deeatyl C ,B H« . 

EndecatylC'H* 4 

iMecatyl 

T ridecaty 1 C ,,r H* 
Tetradecatyl 
C ,4 H* . 
Pentad ecatvl 
C»H» . 

Sp<*< ilii! gravities. 

Boiling points. j 

Pcl'iiuf and 
Cahours. 

Sclur- 

lrmmpr. 

Wurtx. 

Peloucc and 
Cahours. 

Schor. 

If miner. 

Wurts. 

0 628 at 17° 
0*G69 „ 16 

0 699 „ 15 
0-726 „ 15 
0*741 „ 15 
0*757 „ 15 
|0-765 „ 16 
|0 776 „ 20 

0 792 „ 20 

0-636 at 17° 
0*678 „ 15-5 
0*709 „ 17-5 
0*719 „ 17 

0-728 at 0° 

0*763 0 

little above 0° 
30° 

68 

92— 94 
116—118 
136—138 
160—162 
180—184 
196—200 
216—218 

236—240 

266— 260 

390 — 40° 
68 — 70 
98 - 99 
119 —120 

28°— 80° 
60 — 64 

116 —118 
134 —187 

166 —167 
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of tetryl, C*H I# , boiling at a few degrees above 0°, to hydride of pentadecatyl, C^H** , 
boiling between .255° and 200°, The oil also yields a quantity of liquid boiling above 
$00°, and doubtless containing some of the higher terms of the same series. Moreover, 
in boring for it, large quantities of gas escape, exhibiting the characters of marsh-gas : 
hence it is probable that, in the great geological changes which have given rise to the 
separation of this remarkable liquid, tho whole series of homologous alcohol-hydrides 
OH* 1 ** has been produced, from marsh-gas up to the highest paraffins. 

The preceding table (p. 181) exhibits the specific gravities and boiling-points of the 
alcoholic hydrides obtained from these several sources. The vapour-densities have also 
been determined in all cases, and found to agree nearly with those calculated from the 
respective formula for a condensation to 2 volumes. Wurtz’s determinations were 
made on the hydrides obtained by the decomposition of amylic alcohol ; Schorlemmer*^ 
on those from cannel-naphtha ; those of Pelouze and Cahours, on the hydrides from 
American petroleum. 

These alcoholic hydrides are very stable compounds. They are little, if at all, acted 
upon by Aiming nitric acid , strong sulphuric add , or bromine ; but chlorine converts 
them all into the corresponding alcoholic chlorides OH^+'Cl. 


Each alcoholic hydride of the series C , *H W+, .H (except hydride of methyl) is 
* identical in composition with a radicle, simple or mixed, belonging to the same series: 
Abus — 


Hydrido of Ethyl C 2 H fl .H 
„ Trityl C 3 H 7 .H 
,, Tetryl C 4 H*.H 
Amyl C s H n .H 

and generally : 


Methyl CH’.CH* 

Methyl-etbyl CH 3 .C 2 H* 
Ethyl C 2 IP.C 2 IP 

Ethyl-trityl CW.OTF 
Methyl-tetryl CH 3 .C‘H* 




Cm h 2 “ + ». OH 2 ™* 1 




C m H 2m * C ra+I . H 2,, ‘+ , 


The question, therefore, arises : are the members of tho two serios, the alcohol- 
radicles and thoir hydrides, identical or only isomeric? Soon after the isolation of tho 
alcohol-radicles by Frankland and Kolbe, in 1849, Laurent and Gerhardt pronounced 
the opinion that these compounds were the homologues of marsh-gas. This view has 
not been generally received as correct (see Alcohol-radicles i. 96) ; but recently, 
Schorlemmer (Chem. Soc. J. xv. 425) has endeavoured to solve the question by 
examining the products obtained by the action of chlorine on the radicles and their 
isomeric hydrides. lie finds that ethyl-amyl, C'H\ CTI 11 , treated with chlorine, yields 
a chloride, C’H'-'Cl, agreeing in composition, as well as in boiling point and other 
physical properties, with that which is produced by the action of chlorine on hydrido 
of heptyl (p. 144). From amyl, C^H 2 *, Schorlemmer obtained, in like manner, a chloride, 
C'^H^Cl, boiling at about 200°, which he regards as identical with that which Wurta 
obtained by the uction of chlorine on hydrido of decatyl, C**H 2, .H. From these 
results, Schorlemmer concludes that no chemical difference exists between the alcoholic 
hydrides and the radicles, at least among tho higher members of the series. 

2. Hydrides of the Alcohol-radiclcs C"H 2n ~ T . — Two compounds of this series are 
known, viz jf vdride of phenyl (Benzono) C"H* - C*H» H 
Hydride of Benzyl (Toluene) C 7 II 8 C 7 H 7 .H 

Both these hydrides are contained in the light oils obtained by the distillation of 
coal. When treated with strong nitric acid, they yield substitution-produets, in the form of 
heavy oils, the formation of which affords the means of separating the^ hydrocarbons 
from those of other series with which they may be mixed (p. 146).^ The preparation 
and properties of these hydrides have already been fully described A^-642, 573). 

The hydrides of alcohol-radicles of other series have not yet beej^btained. 

Hydrides of Acid-radicles: The aldehydes, referred to the Hydrogen -type HIT, 
constitute this class of compounds, e.g. acetic aldehyde, C 2 H*0 «* C*H*O.H ; benzoic 
aldehyde (bitter-almond oil), C 7 n*0 = C’H^O.H (see Aldehydes, i. 110). 

M Y hKOA&OSTXO AGIO. An acid formed from aloetic or chrysammic acid by 
the action of water and stannous chloride. A dark violet powder is then produced, 
which at 120° contains, according to Mulder, SnO s .C"H'tf l O". This stannic salt, 
treated with potash, gives off ammonia and assumes a blue- violet colour ; and when heated 
with strong nitric acid, gives off nitrous fumes, turns red, and yields, first aloetic acid, 
then, after longer boiling, chrysammic acid (Mulder, Ann. Ch. Pharm. lxxii. 265). 

.1WOAYATI TSL A hydrated phosphate of calcium, containing fluorine, found 
in milk-white, translucent, warty concretions, in clefts of a ferruginous-argil- 
laceous rock, imliedded in a black slate, near St. Girons (Ari&ge) in the Pyrenees. 
It scratches fluor spar, but is scratched by steel. Specific gravity * 3T6. It contains 
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40 00 per cent. P*0 A , 52*35 CaO, 3*36 P, And 5*30 winter, together with 6*43 ferric 
phosphate, agreeing nearly with the formula 3 Ca* P^OVCa F*. 3 H*0. (Damour, Ann* 
Min* [5] x. 65; Jahrrsber. 1856, p. 874.) 

gYPROBiari A BglPH, Tribcnzytcne- diamide. Hydride of Amo* 

benzoyl. (Laurent, Ann. Ch. Phya. [2] lxii. 23 ; Ixvi. 18 ; [8] i. 300.— Bertagnini, 
Ann/Ch, Pharm. lxxxviii. 127.) — This compound, which may be regarded as a tertiary 

diamide, N*(C T &*)*, in which the hydrogen is completely replaced by the diatomie 
radicle benzylene, is produced by the action of ammonia on hydride of benzoyl (bitter 
almond oil). When rectified bitter almond oil (boiling at 180°) is left in contact with 
aqueous ammonia for a few days, or for only six or eight hours if the liquid be pre- 
viously heated to the boiling point of the ammoniacal solution, a crystalline mAss is. 
formed, which must be broken up, washed rapidly with ether to remove adhering oil, 
and then dissolved in boiling alcohol, which leaves undissolved a number of secondary 
products resulting from the action of the ammonia on hydrocyanic acid contained in 
the bitter almond oiL According to Ekman (Ann. Ch. Pharm. cxii. 151), hydroben- 
zamidc may be obtained in fine crystals by mixing bitter almond oil with an equal 
volume of ether and strong aqueous ammonia, and leaving the mixture at rest. 

Hydrobenzamide separates from its alcoholic solution in colourless octahedrons with 
a rhombic base, truncated on their longer lateral edges. Angles of the terminal edges, 
130° and 122°; angles of the lateral edges, 84° 50'. It is insoluble in water, very 
soluble in alcohol and ether. The crystals are destitute of taste and odour, but the 
alcoholic solution has a taste of burnt almonds. The crystals melt at 110°, forming 
a thick oil, which has a sweet taste, and Bolidifles after a while to an opaque brown 
mass. 

Decomposition a . — 1. Hydrobenzamide, when heated in the air, takes fire, and bttmii 
with a not unpleasant odour (Laurent). — 2. Between 120° and 130° it changes in 
three or four hours into amarine (Bertagnini). — 3. By dry distillation , it yields 
lophine and a strong-smelling volatile oil, leaving a small quantity of carbonaceous 
matter (Laurent). — 4. When the alcoholic solution is continuously boiled, ammonia 
escapes, and on evaporating the alcohol, bitter almond oil remains (Laurent).— 
5. Boiled with aqueous chromic acid , it yields a large quantity of benzoic acid 
(Fownes, Phil* Trans. 1845, 263). — 6. With acids , even at ordinary temperatures, 
it yields bitter almond oil and the ammonia-salt of the acid (Laurent, Fownos). — 
7. Boiled with potash~ley, it changes gradually and without perceptible decrease of 
weight, into amarine, only a faint odour of bitter almond oil being evolved (Fownes). 
Boiled with alcoholic potash, it gives off a small quantity of ammonia and bitter 
almond oil (Laurent). — 8. When it is fused with hydrate of potassium, the mourn 
becomes first light yellow, then dark yellow, and ultimately brown and black ; and if 
slowly heated, gives ofif nothing but ammonia; if the heat be continued, there is given 
off, liesidos ammonia, a mixture of about 4 rol. hydrogen gas to 1 vol. carburetted 
hydrogen. The black residue contains carbonate and cyanide of potassium, benzo- 
stilhin, benzolonc, and a small quantity of a yellow oil, which thickens and becomes 
viscid on exposure to the air ; the mass, which has then become dark yellow, contains 
nothing but benzostilbin und a considerable quantity of the yellow oil (Ttochleder, 
Ann. Ch. Pharm. lxi. 89). — 9. Heated with potassium , it yields a red fusible mass and 
a small quantity of charcoal (Laure nt). — 10. When sulphydric acid is passed through 
the alcoholic solution, sulphide of benzylene is produced (Ca hours). 11. Asolution 
of hydrobenzamide in absolute alcohol mixed w ith a solution of sulphurous anhydride 
in absolute alcohol, deposits, after a while, a white precipitate of sulphite of benzoyl 
and ammonium, C T n\NH 4 )SO* and the remaining solution yields by distillation, 

first alcohol, then diethyl -benzylenic ether, (It. Otto, Ann. Ch. Pharm. 

cxii. 305). — 12. When hydrobenzamide is saturated with hydrochloric acid gas , a 
compound free from nitrogen slowly volatilises, whilst a non-volatile azotisod compound 
remains behind, which is not altered by ether, but is dissolved by alcohol, with sc pa* 
ration of sal-ammoniac. This compound (hydrochlorate of hydrobenzamide) is re- 
solved by water into sal-ammoniac and hydride of benzoyl : 

C«H**N*2HC1 + 3H*0 - 2NH 4 C1 + 3C 7 H*O f 

and by absolute alcohol into sal-ammoniac and diethyl-benzyienic ether: 

C*'H , *N , .2HC1 + 6C*H*0 - 2NH*C1 + jo*]. 

(Ekman, Ann. Ch. Pharm; cxii. 151 ; Jahnwber. 1850, p. 317.— Lieka, ibid. 818). 

llydroehlorate of hydrobenzamide, heated to 160° — 230°, yields, besides bydf^clslbfl© 
ac ™» oily distillate, containing benzonitrde anti chloride of benzyl, C’H'Cl (i 676% 
*ud leaves a red- brown residue, which is separated, by digestion with alcohol at ordinary 
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temperatures, into a brown action (A) and yellow flocks. The latter dissolve in a 
mixture of alcohol and chloroform, forming a solution which deposits two modifications 
of lophine, CP'H^N 2 ; the one crystallising in needles which melt at 230°, the other in 
needles which melt at 170° (^ee Lophinu). The brown solution (A) yields, first, the 
two modifications of lophine just mentioned ; secondly, a base, probably amarine, 
melting at 90° ; thirdly, a base, C-'H^N 3 , which melts at 100°, forms an oxalate, 
C*'H-*N !l .C 3 H 3 0\ crystallising from alcohol in nacreous laminae, and a platinum-salt, 
CP'H^N* HCl.PtCl 3 .2H a O, in microscopic prisms ; fourthly, another modification of the 
same base, whose platinum-salt is anhydrous ; and fifthly, an oily base, C H H M N 3 , 
forming a hydrochlorate, which melts at 220°, dissolves easily in water and alcohol, 
and crystallises in six-sided prisms. (Ekman, loc. tit. — Kuhn, N. Jahrb. Pharm. xvi. 
292 ; Jahresber. 1861, p. 404.) 

v .13. Hydrobenzarnide heated with 2 at. iodide of ethyl to 80° — 100°, yields a dark- 
brown viscid mass, which, after purification by solution in alcohol, precipitation by 
wateij &c.,’ is found to consist of di-iodide of tribenzylene-diethyl-diammonium 

J[(C’H < )*(C' , H ;s ) 2 N 2 ]'T 2 ; and the alcoholic solution of this iodide, treated with oxide 

Sttfailver or hydrate of lead, yields the base C 24 H M N 3 0 = [(C'fr^C^lO. This 
again treated vrith iodide of ethyl, does not yield any distinct compound. 
,, -£Bolrod ine, Ann. Ch. Pharfri. cv. 257.) 

Amarine, isomeric with hydrobenzamide, behaves differently with iodide of ethyl; 
‘yielding hydriodate of diethylamiirine,C 2, H la (C 3 H 4 ) 3 N 3 .HI, from which, by heating the 
potash, diethylamarino itself, C 3, H’ B (C 2 H 5 ) 3 N 3 , may be obtained; and this base, again 
treated with iodide of ethyl, yields another base, which forma crystalline salts, and 
appears to contain a larger proportion of ethyl. This base is likewise acted upon by 
ioaide of ethyl, yielding a hydriodate just like the former. Hence Borodino 
concludes that, amarine contains at least 3 at. II, replaceable by ethyl, and represents 

it provisionally by the formula N j ** ^ *** 

Chloride of Hydrobenzamide, C 3, H ,S N 2 C1 3 (Th. Muller, Ann. Ch. Pharm. 
pxi. 144; Jahresber. 1859, p. 315), is produced by passing dry chlorine gas over 
hydrobenzamide, which then takes up 19 5 per cent, chlorine, and molts to a viscid 
yellow liquid. It is decomposed by water, yielding sal-ammoniac, hydrochloric acid, and 
an oily mixturo of hydride of benzoyl and bonzonitrile, boiling between 180° and 190 3 : 
C 3, H ,8 N-C1 2 + 2H 2 0 « 2C 7 iPO + C 7 IPN + NH'Cl + HC1. 

Chloride of hydro- Hydride of Beozn- 

bfuzamide. benzoyl. nitrile. 


By anhydrous ether it is resolved into sal-ammoniac, and a mixture of benzonitrilo 
with an oily body which boils at 183°, and has the composition of chlorohydrobcnza- 
mide (see below), but differs from that^mbstanco by its ready decomposibility by water 
into benzonitrilo and hydride of benzoyl. 

Chloride of hydrobenzamide heated to 180° — 200° is resolved into hydrochloric acid, 
chtorohydrobonzamide, C a, II n ClN a , which distils over as a colourless oil, and a residuo 
which solidifies on cooling, and is resolved, by successive treatment with water, ether, 
and alcohol, into the following compounds: 

The aqueous solution doposits ou cooling a white powder, which separates from 
alcohol in hard granular crystals, consisting of C' H H 2S C1NMIC1 or C^lPW.Cl 3 ; from 
water the same compound crystallises with 1 at. IPO. Ammonia added to the solution 

throws down [? as a hydrate] tho base C^H^N 2 = N 2 (C 7 H 6 ) 4 , which may be called 
tetrabenzyle » e-diammoni uin. Tho chloroplatinate, O^II^C^N 2 PtCl 3 , is easily 
soluble. £. f . 

Th e ethereal solution deposits crystalline needles insoluble water, subliming at 
300°, and having the composition C^IP'N 3 . 

The alcoholic solution yields crystals insoluble in water and in ether, and containing, * 
when dried over oil of vitriol, C* 3 tP 3 N 3 .HCl.2Il‘ 4 0. If the base be separated from this 
salt by ammonia, and redissolrod in hydrochloric acid, the solution yields by evapora- 
tion a basic hydrochlorate, 2 C- a H 3 * N 3 . 1 1 Cl . 2 1 1'O. The chloroplatinate, which is light 
yellow, contains 2(C”II”N s .HCl).PtCP (platinum, by experiment, 17*4 per cent.; by 
calculation, 179). 


Ot&lorohy drobensamlde. C 31 H ,T C1 N a . (T h. M ii 1 1 o r, loc. tit.) — When chloride 
of hydrobeuzamide is hcatod to 180° — 200°, this compound distils over as a colourlos9 
oil, heavier than water, and having a pungent odour of chlorine and benzonitrilo 
together. It dissolves easily in alcohol and in ether, and is slowly decomposed by 
Water, with formation of hydrochloric acid. When loft in contact, for 24 hours, 
with a mixture of nitric and sulphuric acids, it forms a solution from which water 
throws down crystallise bio nit robonzo nit rile. C r H*LN0*}N. 
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Ctiloronitro-tiy&roben samlde. C 4, H* i €l(NO*)H\ (Miillor, ct*.)— -This com- 
pound is formed when chlorohydrobenzamide la left roF2 4 hours in contact with strong 
nitric acid, and is precipitated by water from the acid solution, as an oily very pungent 
liquid It is soluble in alcohol, and the solution is decomposed by sulphide of ammo- 
nium, yielding benzonitrile and sulphobenzamide : 

(P'H'-CKNO^N* + 3H 2 S = 2C 7 H i N + C 7 H 7 NS* + 2H*0 + HC1 + S* 

Chloronitro-hjdroben*. Benionitrile. Sulphobenx- 

amide. amide. 

Hn>&OBSJarZZX.B. C H H ,2 0. (Zinin, J. pr. Chem. xxxiii. 35.) — A product of 
the action of sulphide of ammonium on benzile (C M H"’O a ). It is insoluble in water, 
soluble in alcohol and ether, and crystallises from these solutions in the shape of oon- 
cavo-convex lenses. The crystals melt at 47°, forming a colourless liquid, which disHle- 
without alteration, and solidifies in a crystalline mass at 42°. They have the smell of 
bitter almonds, and a saccharine pungent taste. They dissolve readily in sulphuric 
acid, and are precipitated therefrom by water. They are slowly attacked by chlorine, 
and 'not sensibly altered by boiling potash. r 

BTDStOBENZOZV. C u H M 0*. (Zinin, Ann. Ch. Fhnrm. cxxiii. 
pound produced by the action of nascent hydrogen oil benzoyl-hydride (bitter alnjohd-! 
oil), and containing the elements of 2 molecules of that compound (C^H^O*), 'ifttiiff 
1 molecule of hydrogen, H*. To prepare it, 4 pts. of bitter almond oil free from pftissfc*' 
acid are dissolved in 6 pts. alcohol of 85 per cent. ; the solution is mixed with 4 pts^ 
alcohol previously saturated with hydrochloric acid gas; and one pt. of finely-granu- 
lated zinc is carefully added, so that it may dissolve without perceptible evolution of 
hydrogen. When the reaction is finished, the liquid is heated to the boiling point, 
mixed afipr cooling with a small quantity of ether (to remove a body which adheres to 
the zinc and retards the action) and with 1 pt. more of alcohol saturated with hydro- 
chloric acid gas, then heated to complete the reaction, and mixed with a quantity of 
water three or four times as great as that of the bitter almond oil taken. Hydjo- 
luMizoiu then separates as an oily Ixxly, which soon solidities in a crystalline mass, 
and may be purified by washing in water, pressure between bibulous paper (to removo 
au acrid oil), and reerystallisation from alcohol (or if somewhat impure, previously 
from ether). It is thus obtained in large rhombic plates, which melt at 130°, and boil 
uIhjyc 300°. When gently heated witli 2 pts. nitric acid of specific gravity 1‘36, it is 
converted, without any evolution of red vapours or formation of secondary products* 
into pure benzoin ; with stronger nitric acid, benzil is obtained. It is not attacked by 
potash, either aqueous or alcoholic, even at the boiling heat. 

HTDROBERBERUrE. C^IF'NO*. (Hlu s i wet z and G i lm. Ann. Cli. Pharm. 
Suppl. ii. 191 ; K£p. Chim. pure, 1863, p. 420.) — A base produced by the action of 
nascent hydrogen on berberine, as first observed by II Iasi wetz (R5p, Chim. pure, 
1862, p. 367). It is obtained by boiling in a flask, provided with a condensing tube 
to cause the vapours to flow back, a mixture of 6 pts. berberine, 100 pts. water, 10 pts. 
distilled sulphuric acid, 20 pts. glacial acetic acid, a quantity of granulated zinc, and a 
few pieces of platinum foil. The liquid gradually loses its colour, and as soon as tbo 
froth exhibits a wine-yellow colour, which it does after boiling for an hour or two, the 
action is stopped, the liquid filtered, any crystalline deposits that may have formed 
are dissolved in dilute sulphuric acid, and an excess of ammonia is added after cooling. 
Hydroberberine is then obtuined as a bulky yellowish deposit, which must be collected 
on a filter, washed, dried at a gentle heat, then pulverised, boiled in alcohol, and puri- 
fied by repeated crystallisation from alcohol. Instead of precipitating the base by 
ammonia, it may be advantageously obtained as a hydrochlorate, by adding 
common salt to the original solution. The hydrochlorato is then almost wholly depo- 
sited in the form of a crystalline powder. 

Hydroberberine may also be prepared by acting on berberine with sodium-amalgam, 

• but it is then yellow and more difficult to purify. 

Hydroberberine is deposited from a hot alcoholic solution, in small shining granular 
crystals, or flattened needles, which are colourless or slightly yellowish, and appear to 
belong to the monoclinic system. Itdiffers from berberine, C w H ,7 N0 4 (the formula lately 
determined by Perrins, Chem. Soc. J. xv. 339), by four additional atoms of hydrogen, 
snd may be reconverted into that compound by the action of nitric acid. On dissolving 
*t in a mixture of equal volumes of hydrochloric acid and alcohol, and dropping in 
nitric acid diluted with alcohol, the liquid becomes coloured, and deposits crystals of 
bydrochlorate of berberine. 

Hydrochloraie of Hydroberberine . C^H^NOUICL— Crystals of hydroberberine 
spread upon a watch-glass, under a bell-jar within which hydrochloric acid is evolved, 
arc converted into a white powder, consisting of the hydrochlorate, soluble ip warm 
Water, and crystallising in laminse on cooling. The salt may also be obtained by 



186 HYDROBORACITE — HYDROCARBONS. 

dissolving the base in hot hydnSjtoric acid ; the solution on cooling forma a jelly, which 
is gradually transformed into crystals. It is more soluble in alcohol than w water. 
Its solutions yield copious precipitates with chloride of platinum ; from a warm alco- 
holic solution, the platinum-salt is more gradually deposited m orange-yellow crystalline 

grains, consisting of 2(C~H*W.HCl).PtCK 

The hydrobromate and hydriodate are white, crystalline, and very slightly soluble. 

The nitrate, which is also crystalline and very slightly soluble, is seldom obtained 
pure by dissolving the base in nitric acid, because the acid decomposes it ; better by 
mixing a hot, very dilute solution of the sulphate with nitrate of sodium.— -The oxalate 
crystallises in small rhombic plates, the ‘phosphate in fine rhombic plates. 

Sulphates of Hydroberherine. The neutral sulphate, (C^H^NO^.IPSO 4 , is ob- 
tained by dissolving an excess of the base in very dilute sulphuric acid. The liquid 
then deposits needles which fill it entirely, and after being expressed and purified by 
crystallisation, are very soluble in water, and contain a certain quantity of water, 
which they lose by exposure to the air; they likewise invariably contain a little 
free acid. 

When the base is dissolved in a slight excess of acid, large transparent rhombohe- 
drons are obtained, approaching nearly to the cube ; they give off water when exposed 
to the air, and cannot be dissolved in water without decomposition. They appear to 
be a mixture of the neutral and acid sulphates, containing 4C so H' iI N0 4 .3SH ,! 0 4 .4H 2 0, 
(C M H 2, N0 4 )*.SH 2 0 4 > ATTan 
or 2(C 20 H 2, NO\SH 2 O 4 ) > * 

A moderately dilute solution of this salt mixed with excess of sulphuric acid becomes 
turbid and deposits small mammellated crystals, or a resinous mass, which gradually 
changes into crystals of the acid salt, C 20 H 2, NO 4 .SH*O 4 , which may be purified by re- 
crystallisation from alcohol. 

Tartrate of Hydroberherine forms mammellated groups of needles. 

Ithyl-hydroberberlne. C^H^NO 4 *= C 20 H 20 (C 2 H s )N0 4 . — Hydroberherine heated 
for some hours in a water-bath with an excess of iodide of ethyl, yields a pasty mass, 
which when taken up by alcohol, forms tufts of yellow rhomboi'dal prisms, consisting 
of hydriodate of ethyl-nydroberberine, C 22 H 24 NO‘.HI, very soluble in water, and. con- 
taining water of crystallisation, which they give off entirely at 1 00°. The mother-liquors 
of the preparation still yield small quadrangular laminae of another substance, the 
Admixture of which with the first crystals must be avoided. 

HTBSOBORACITB. Hydrated Borate of Calcium and Magnesium. 
3MgO ( 8B 2 0*.18H 2 0. — Resembles fibrous and foliated gypsum. Colour white with 

spots of rod, from iron. Translucent in thin plates. Melts before the blowpipe to a 
clear glass, tinging the flame slightly green and not becoming opaque. Heated in a 
tube it yields water. It is slightly soluble in water, the liquid having a faint alkaline 
reaction. It dissolves readily in nitric and hydrochloric acids. It was found by Hess 
(l J ogg. Ann. xxxi. 49) in a collection of Caucasian minerals. 

HTDROBOSOCALCZTE. Syn. with Borocalcite. 

HTDROBROMZC ACID. See Bromide of Hydrogen (i. 672). 

BTDROBSTOTZI7. C‘ i H T4 0 , °. — An amorphous substance, insoluble in ether, 
but soluble in alcohol, produced bj T the decomposition of bryonin (i. 685). 

HYBROB17CHOZ.ZXTZS. See Kyanitk (p. 449). 

BTBBOCALCZTS. Hydrated carbonate of calcium, CaCO*f5H 2 0. Found in 
Bmall rhorabohedral crystals, forming an incrustation on wood under water. (See 
Carbonates.) jj* 

HYDROCARBONS. Compounds consisting of carbon antPfydrogen only. The 
number of bodies of this class at present known is very great, but the most important 
of them may be arranged in the following groups : 


1. Alcohol-radicles . . (C n H 2n + 1 ) 2 homologous with Methyl (CH*) a 

2. Hydrides of alcohol- 

radicles . . . OH 20 * 3 „ Marsh-gas (CH 4 ) 

3. Olefines . . . O’H 2 " „ Ethylene or Olefiant gas (CPH 4 ) 

4 . Hydrocarbons . . C®!! 2 *’— » „ Acetylene (C*H*) 

6. Camphenes or Terebencs OH 2n ~ 4 isomeric with Turpentine, 

6. Hydrocarbons . . C n H* n — * homologous with Benzene (C*H*) 

7* Hydrocarbons . . 13 „ Naphthalene, C^H* 

The most fruitful source of hydrocarbons is the dry or destructive distillation of 
organic bodies, the nature of the products varying according to the temperature at which 
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the decomposition takes place. Thus, coal when distilleJW a bright red, as for the 
production of illuminating gas, yields hydrocarbons belougflg to the second, third, fourth 
and sixth of the above groups, together with a considerable quantify of naphthalene; but 
when distilled at the lowest temperature at which complete decomposition can take place 
it yields liquid hydrocarbons belonging chiefly to the second and third groups, together 
with a large quantity of paraffin, which probably also belongs to the Becond group. The 
slow decomposition of organic matters buried beneath the surface of the earth has also 
yielded large quantities of hydrocarbons belonging to the second group, as shown by the 
enormous quantities of petroleum found in certain parts of North America, which, as 
already observed (p. 181), consists* almost wholly of alcoholic hydrides of the general 
formula C*H n * 3 . 

The olefines, OH 2 ”, are produced by the dehydration of alcohols of the seriefl 
as by heating these alcohols with strong sulphuric acid or chloride of 
zinc, each alcohol then yielding the corresponding olefine, according to the equation 
OH 2n * 2 0 — H*0 = C"H 2n . 

The reaction, however, at least in the case of some of the higher alcohols, is much more 
complicated than this equation would imply, resulting in the formation, not only of the 
olefine corresponding to the alcohol decomposed, but likewise of several of its humologues, 
and of the corresponding alcoholic hydrides ; thus Wurtz, by distilling amylic alcohol 
with chloride of zinc, has obtained, not only amylene, C 4 H‘®, but likewise all its homo* 
logues up to decatyleneordiamylene, C ,0 H 5 ‘®, together with the corresponding alcoholic 
hydrides. 

The lowest term of the olefine series, viz. methylene, CH 2 , is not known in the free 
state. Ethylene, C*H 4 , tritylene or propylene, 0*11®, and tetrylene, C^H®, are gaseous at 
ordinary temperatures ; amylene, OH 10 , and its higher homologues up to docatylene, 
l’ 10 !! 2 ®, and cetylene, C^H* 2 , are liquid at ordinary temperatures, their boiling point? 
rising as their molecular weights increase. Cerotono, C* ? H a \ and melissene, C* 0 H d< 
are waxy solids, the former melting at 67° or 68°, the latter at 62°. 

The more volatile olefines are remarkable for the facility with which they unite with 
chlorine, bromine , and iodine , forming compounds homologous with, or analogous to, 
Dutch liquid, C 2 1PC1 2 . This property affords an easy mode of separating these olefines 
from any gaseous mixture in which they may be present: for on passing the gaseous 
mixture through a bottle containing bromine, tho olefines are absorbed and converted 
into heavy oily liquids (hence their name), while the other hydrocarbons in the mix* 
tun* arc unaffected. 

The olefines unito very readily with sulphuric anhydride ; and this property like- 
wise affords an easy mode of separating them from gaseous mixtures: thus, if a ball of 
coke or pumice impregnated with Nordliausen sulphuric acid bo passed up into a mix- 
ture of ethylene-gns with marsh-gas, hydrogen, carbonic oxide, &c., tho ethylene will 
h<* absorbed, while the other gases will remain behind. 

The volatile olefines also unite readily with strong sulphuric acid , forming compound 

(SO*)") 

acids of the form C"H*“.8H 2 0 4 , or OH 20 * 1 [■ O 2 homologous with ethyl-sulphuric or sul- 

phovinic acid. This reaction is of especial importance, since it enables us to pass from 
an olefine to the corresponding alcohol : thus ethylene-gas shaken up with strong sul- 
phuric acid yields ethyl-sulphuric acid, jj j O 2 , whence, by distillation with water, 
et hylic alcohol is obtained (i. 72 ). 

Olefines also combine with water , hydrochloric acid , hydrobromic acid , Sic. W urtz 
has shown (Ann. Ch. Pharm. exxv. 114) that amylene combines with hydrobromic and 
hydriodic acid, forming compounds isomeric with iodide and bromide of amyl ; and by 
treating tho hydriodate, C*H’®.HI, with moist oxide of silver, he has obtained a hydrate 
of amylene, C®H 1# .H 2 0, isomeric with amylic alcohoL All these compounds are dis- 
tinguished from the amyl-compounds, with which they arc isomeric, by the facility with 
v hich they give up their amylone under the influence of various reagents. Thus hydrate 
of amylene quickly absorbs hydriodic acid gas, and is resolved into hydriodate of 
amylene and aqueous hydriodic acid ; simuarly with hydrochloric acid. Bromine 
® *° decomposes it rapidly into bromide of amylene and water ; chlorine similarly but 
quickly. With sodium it yields the compound C*H l# .NaHO, which when treated 
^th hydnodato of amylene, readily yields amylene, hydrate of amylene, and iodide of 
sodium i 

C A H ,# .NaHO + C®H ,# .HI - C A H ,# 4- Cm'UFO + Nal. 

Hydriodate of amylene is also rapidly decomposed by sodium, yielding iodide of sodium, 
"up- lone, and free hydrogen. With alcoholic potash, it yields amylene and iodide of 
^ ^ Slurn 1 with ammonia, the products are iodide of ammonium, amylene, and a 
siuajj quantity of a base isomeric or perhaps identical with amylamine. 
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The amylene in all thee^Wmpounds appears to bo bat loosely united with the water 
or the acid, and is set at lifety on the slightest disturbance ; whereas in their isomers 
the amyl-compounds, the group C 4 H“, which is not capable of existing in the separate 
state, is easily transferred from one compound to another, and it is only with consider- 
able difficulty that two molecules of it can be made to coalesce into one so as to form 
free amyl, C ,# H W . 

Hexylene, OH 13 , also unites with hydriodic acid, and the hydriodate, treated with 
water and oxide of silver, yields a hydrate, C d H'*.H*0, isomeric with hexylic alcohol, and 
possibly identical with the 0 hexylic alcohol discovered by Wanklyn and Erlenmeyer. 

The formation and properties of the alcohol-radicles (i. 96) and their hydrides 
(iii, 180) have already been considered. Recent investigations seem to show that there 
is no essential difference between the alcohol-radicles in the free state, and their 
hydrides (pp. 144, 1:82). 

Of the hydrocarbons, OH 2 "- 2 , homologous with acetylene, only three have been 
obtained, viz. acetylene, CHI 2 (i. 1111), allylene, CHI 4 (i. 1112), and crotonv- 
lene, C 4 H d (ii. 965). ' 3 

Of the hydrocarbons, OH* - *, homologous with benzene, five are known, viz. b e n z e n e, 
OH* (i. 541), benzyleno or toluene, C r H*(i. 677), xylene, OH 10 , curaone, OH 1 * 
(ii. 173), and cumene, C ,0 H H (ii. 296). They have all been specially considered, except- 
ing xylene, which wilt be described in its place. Those hydrocarbons, as already observed, 
are produced by the destructive distillation of coal and other organic substances at high 
temperatures ; also in a great variety of chemical reactions (see Bknzknb). They are 
distinguished by the facility with which they form substitution-compounds with concen- 
trated nitric acid, c.g. nitrobenzene, CHP( N O 2 ). These nitro-compounds, being heavy 
oily liquids of rather high boiling point, afford the moans of separating these hydro- 
carbons from others, such as the alcoholic hydrides, with which they may bo mixed 
(p. 146). The same compounds subjected to the action of reducing agents, such as 
sulphydric acid or ferrous acetate, yield organic bases, which may be supposed to be 
derivod from the nitre-compound by substitution of amidogen, NH 2 , for nitryl, NO 2 
e.g. aniline, CHP(H 2 N), from nitrobenzene. 

The cam phenes, or terebenns, CHI 1 * isomeric with oil of turpentine, exist ready 
formed in a great number of plants. For their general properties see vol. i. p. 724. 

The hydrocarbons are the simplest of all organic compounds, and may be regarded 
ns the starting-points from which all others may be derived, by substitution or addi- 
tion (see N uci.KUs-THBonv and Uadici.es). lienee, of late years, the attention of 
chemists has been very much directed to the discovery of methods for producing these 
compounds directly from their inorganic elements; since, when this is accomplished, 
tho formation of a groat number of the more complex organic compounds, by the 
synthesis of their elements, becomes a comparatively easy matter The most suc- 
cessful efforts in this direction have been made by Iiert helot (Chem. Soc. J. xvii. 37), 
who has succeeded in producing certain hydrocarbons by direct combination of the 
elements carbon and hydrogen, and from these producing others of great complexity. 

}* Acetylene, Oil', is produced when hydrogen is passed over carbon heated to 
bright redness by tho electric arc. This gas, passed into a solution of cuprous chloride, 
forms cuprous acetylene, C 4 (Cu 2 )"H 2 ; and this compound, subjected to tho action 
of nascent hydrogen (ovolvod by tho action of zinc on ammonia), yields ethylene: 

cm* + H* => C S II* 

Acetylene. Ethylene. 

Ethylene thus obtained maybe converted into alcohol, and from this a host of other 
compounds, ethers, acetones, acids, amines, &c. may be derived. 

2. Hydrocarbons may be formed from inorganic compounds contaiCjgg their ele- 
ments, such as water and sulphide of carbon, or eiirbonic anhydride. W mixture of 
Bidphydrie acid and sulphide of carbon, subjected to the action of copper at a red- 
heat, yields marsh -gas: 

CS 2 + 2II*S + 4Cu » OH* + 4CuS. 

Marsh-gas may also be formed from carbonic anhydride, though by a less direct pro- 
cess, viz. by first converting the latter compound into carbonic oxide, this into formic 
acid (CO + H 2 0 = CIPO 2 , ii. 683), then subjecting a salt of this acid, the barium- 
salt, for example, to dry distillation : 

2CHl 3 Ba0 4 - CH 4 + CO 2 + 2BaCO*. 

Marsh-gas, mixed with an eq ual vol ume of chlorine, yields chlorideofmethyl, CH*CI; 
and this ether distilled with potash.yields methylic alcohol, CH 4 0, wbichV formed 
by the addition of 1 at. oxygen to marsh-pis, whereas othvlic alcohol is formed from 
ethylene by the addition of the elements of water. These two modes of formation of 
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alcohols from hydrocarbons are general, the former. Ageing to all homologuea of 
marsh-gas, the latter to all homologates of ethylene. r A * 

3. A hydrocarbon may be transformed into another of greater complexity : a. By 
direct condensation. Marsh-gas raised to a Tory high temperature, or subjected to the 
action of a series of induction-sparks, is converted into acetylene, which contains twice 
the quantity of carbon in the same volume : 2CH 4 =* C*IL* + II*. The condensation 
of marsh gas may, however, be carried considerably further, and made to yield naph- 
tha lenc, a hydrocarbon containing ten times as much carbon in the same volume: 
10CH* ■» C ,# H* + H M viz. by enclosing the marsh-gas in a tube of very refrac- 
tory glass, and keeping it for several hours at a temperature as near as possible to 
that at which Bohemian glass softens. The condensation may also be effected by 
subjecting the vapour of bromoform, CHBri^tribrominated methylic hydride), to the 
action of copper at a red heat, so as to remove the bromine. The residue, CH, then 
suffers a six-fold condensation, yielding benzene, C*!!*. 

b. By tho union of two simple molecules into a more complex molecule. Thus, 
when a mixture of marsh-gas and carbonic oxide is slowly passed through a tubi 
heated to low redness, tritylone, C*!! - , is produced: 

2CH 4 + CO - C*H* + H*0. 

This reaction may perhaps explain the formation of a small quantity of tritylone in 
the distillation of formate of barium ; and it is doubtless to reactions of the same order 
that we may attribute the production of hydrocarbons of the same series, which has 
been experimentally demonstrated as high as amylene, in the distillation of acetates. 

There are also other ways in which complex hydrocarbons may be built up by the 
union of those of more simple constitution. Wiirtz has shown (Ann. Ch. Pharm. 
cxxiii. 202; cxxvii. 65), that amylene, OH 10 , may be produced by tho union of the 
alcohol-radicles ethyl and allyl : 

C 5 IP + C*IP = GW®, 

this combination being brought about by the mutual action of zinc-ethyl and iodide 
of allyl, A number of other hydrocarbons are, however, formed at the same time, the 
following having been isolated and analysed : 

C*II 4 C*It® C J II 10 C 5 II'* C*H ,# 

Ethylene. Trltylene. amylene. ***«mff Allyl. Dccatyleno. 

The ethylene and tritylene are produced by tho mutual action of the ethyl and 
allyl groups: C*H S + C s Il 4 - Cm* + C 1 !!". 

Dccatyleno, C 10 !! 3 ®, results from the condensation of two molecules of amylene int-o one. 
Borides these compounds, there arc also formed olher hydrocarbons, boiling above 
200° (decatylene, the least volatile of those above-mentioned, boils at 100°), and con- 
taining, like allyl, a smaller proportion of hydrogen than the olefines. The formation 
of these hydrocarbons explains that of hydride of amyl, in which the proportion of 
hydrogen is larger than in the olefines. 

The hydrocarbon, CMP®, obtained in the reaction just described, possesses the 

f principal physical and chemical properties of amylene produced from amylic alcohol 
>v the action of chloride of zinc, and, therefore, is not merely an isomer (ethyl- 
allyl) of that compound. This formation of amylene from t wo hydrocarbons of lower 
molecular weight is analogous to that of chloride, of hcptyl, CIPHJl, l>y the action of 
ehlorine on ethyl-amyl, C*H s .C a H‘\ and of chloride of decatyl, C'*Iv’Cl, by that of 
ehlorino on amyl itself, observed by .Schorl cm mer. 

RTBSOOAXBOXT1ZO A.CXDB. (Lerch, Ann. Ch. Pharm. exxiv. 20; R4p. 
Chirn. pure, 1863, p. 143; Jahresb. 1862, p. 276.) — This name is applied to throe acids 
produced, together with others, by the d<*eomporition of carboxide of potassium, the 
black amorphous substance formed in the profmration of potassium in the ordinary wny, 
and likewise by the direct combination of potassium with carbonic oxide. This sub- 
stance remains unaltered when kept in rock-oil or in a dry vacuum, bat when exposed 
to the air, it absorbs moisture rapidly, acquiring a cherry-red and finally a yellow 
colour : it absorbs oxygen only when moist. When treated with water, alcohol or 
ether, out of contact with the air, it gives off gas, and leaves a black glutinous substance, 
which turns red on exposure to the air, and dissolves in water with red colour and 
without disengagement of gas. This mass yields, besides oxalic acid, three series of 
acids, including croconic acid (ii- 109). 

Perfectly unaltered carboxide of potassium, to which Brodie assigns the formula 
OH'K", yields, when treated with hydrochloric acid, an acid crystallising in whits 
needles and having the composition C w H ,# 0 ,# ; this is tri hydrocarboxy lie acid. . 

If the carboxide of potassium be first treated with alcohol and then with hydro- 
chloric acid, it yields black needles of dihydrocarboxy lie acid, C‘1PG* or C t# U*0 ,# 
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If the air has had access to the mass before or after the treatment with alcohol, it 
afterwards yields, with hydrochloric acid, dark garnet-red crystals of hydrocar- 
boxylic acid, 

Lastly, if the mass has been left in contact with the air till it has turned quite red, and 
it is then treated with hydrochloric acid, a fourth acid is obtained, called carboxylic 
aci d, the potassium-salts of which are composed according to the formulae C'*HK*O l ® 
and C ,0 K 4 0 ,# . On attempting to isolate this acid, fine colourless prisms of rhodizonic 
acid, CMI 4 0®, are obtained, being derived from the preceding by fixation of water, and 
splitting up of the molecule : 

C”H<0 10 + 2H*0 = 2C 6 H 4 0®. 


In addition to these acids, croconic acid, C 6 H 2 0 5 (formed from carboxylic acid by 
division of the molecule), and oxalic acid, are obtained as final products of the oxida- 
tion. 

The formation of dihydrocarboxylic, hydrocarboxylic, and carboxylic acids by oxida- 
tion of tribydrocarboxylic acid is represented by the following equations : 

C l0 H*°O , « +0 « C‘°H a O'° + H 2 0. 

C IO H S 0‘® + 0 = C'°H a O' B + H 2 0. 

C ,0 H*O 10 + 0 = C^H'O 10 + H 2 0. 


Trikydrocarboxylic acid. C ,0 H ,0 O'® = O 4 .— This acid is produced, as 

already observed, by the action of hydrochloric acid on carboxide of potassium which 
has not been exposed to the air; also by the reduction of dihydrooarboxylic acid. It 
forms white silky needles which, when exposed to moist air, quickly turn red, and are 
ultimately converted into dihydronarboxylic acid. Its solution is acid, colourless, and 
very sensitive to the action of oxidising agents. By nitrate of potassium, it is converted 
into oxycarboxylic acid, with evolution of nitrogen. Of the 10 at. hydrogen contained 
in its molecule, 6 at. are easily removed by oxidation, giving rise to new radicles, viz. 
those of di hydrocarboxylic, hydrocarboxylic and carboxylic acids, whereas the remaining 
4 at. are basic, and easily replaceable by metals, but not removable by oxidation. In 
the potassium-salt also, C^K^O 10 , 6 at. K maybe removed, two at a time, by oxidation, 
whereas the remaining 4 at. K appear to be irremovable: hence the rational formula 
of the acid above given. In like manner, di hydrocarboxylic acid contains 4 at., and 
hydrocarboxylic acid, 2 at. H, removable by oxidation. 

The trihy drocarboxylates of the alkali-metals are soluble in water, the other salts 
are sparingly soluble or insoluble : they all become coloured by exposure to the air 
yielding salts of the following acids : 


Dihydrooarboxylic acid. - Cl# g 4 ° 5 |o*.~This acid forms black 

metallic-shining monoclinic crystals, grouped in very thin tufts ; the thinner ciystals 
have a wood-yellow colour, and exhibit trichroism. They are permanent in the air, 
even at 100°, dissolve readily in water and alcohol, slowly in ether ; the solutions are 
red by transmitted, violet by reflected light. 

The salts of this acid are as unstable os those of the preceding. Those of the alkali- 
metals are black, soluble in water and crystallisable ; the rest are blue or red precipitates; 
they are very easily converted by oxidation into rhodizonates or carboxylates. 

Hydrocarboxylic acid , C'°H # 0 19 =» C ' 0 ^*|o 4 , was obtained accidentally in 

the preparation of the preceding acid from a black mass which had undergone partial 
alteration. It crystallises from alcohol in long brown needles, which in contact with 
water are immediately resolved into dihydrocarboxylic and rhodizonic m ds : 

2C ,t H®0 , ° + 2H a O = C ,0 H"O 10 + 2C 4 H 4 0*. W' 

t t C ,1 H # *0. (Husemann, Ann. Ch. Phamf cxvii. 200* 

^ 8llh ® ten Jf contained, together with carotin (i. 806), in the 
(% auc . us carota } To obtain those substances, the crashed * carrots 

! h i;tHa 8l tr I 8 **P ea i ted]y washed out ^ water > and tho united solutions are 
mixed with a little dilute sulphuric acid and tincture of galls (which facilitates the 
separation of the coagulum) ; the glutinous precipitate, freed by pressure from the en- 
c oeed li quid,is boded six or seven times in the haif-dry state with 6 or 6 vol of 
alcohol of 80 per cent; and the residue is treated with sulphide of carbon to extract the 

K ,?* ntainB hydrocarotin together with mannite (if the 

enroots are ayear old, but not if they are fresh), sugar, a fined oil, and a small portion of 


Hydrocarotin crystallises from the 
ciystals, which may be freed from 


alcoholic extract., after long standing, in laminar 
mannite (if presont) by recxyetallisation from 



H YDKOCERITE — HYDKOCROCONIC ACID. 191 

hot alcohol, and finally by boiling with water. It is tasteless and inodorous, crystallise* 
in large colourless silky laminae, from ether in fiat rhotnbie prisms ; is lighter than 
water (which does not wet it) ; melts at 126 -8°; dissolves in alcohol, and more easily in 
ether, sulphide of carbon, benzene, volatile oils, and chloroform. When heated above 
100°, it turns yellow to yellowish red ; after fusion it remains amorphous, and then 
dissolves lees easily in benzene and sulphide of carbon. 

Hydrocarotin is not precipitated from its alcoholic solution by metallic salts or 
tannic acid ; it is not altered by the action of caustic alkalis, strong acids, or oxidising 
agents : with fuming nitric acid , it appears to form a nitro-compound. Strong 
sulphuric acid colours it red and dissolves it completely at a gentle neat, forming a 
solution from which it is precipitated by water apparently unaltered, but in the amor- 
phous state. With chlorine it forms a resinous substitution-product, C'HI^CPO; with 
bromine a similar body, whose ethereal solution, when treated with 

alcoholic potash, gives up bromine, and forms a yellowish -red substance soluble with 
blood-red colour in sulphide of carbon. Iodine also, iu sunshine, appears to form * 
substitution-product with hydrocarotin. 

ETDSOCBEXTfi. See Lanthanite. 

HYDROCHXlTOirsi. See Hydroqujnone. 

HTBBOCHLORS. See Pyrociilorb. 

HYDROCHLORIC ACID. See Chlorhydrio acid (i. 890). 

HTDROCBETIAMX9B. C 7 H 8 N*0*. (Schunck, Ann. Ch. Pharm. lxv. 231.) 
— A compound produced by the action of reducing agents on chrysammic acid (i. 965). 
It may be prepared by adding chrysammic acid to a boiling solution of sulphide of po- 
tassium containing excess of caustic potash j or to a boiling solution of protochloride of 
tin, afterwards removing the excess of acid, dissolving the residue in boiling potash, 
and leaving the solution to crystallise. It is difficult, however, by the latter method to 
obtain it free from oxide of tin. 

Hydrochrysamido forms needle-shaped crystals, of a fine blue colour by transmitted, 
and metallic red by reflected light. Heated in a small tube, it gives off violet vapours, 
which condense in crystals on the cold parts of the tube ; the greater part, however, is 
decomposed, giving off ammonia and leaving charcoal. It is insoluble in boiling 
water , and sparingly soluble in boiling alcohol , to which it imparts a faint blue tint. 

It is dissolved by strong sulphuric acid, and reprecipitated in blue flakes by water 

It is decomposed by boiling nitric acid , and by chlorine in presence of water. It 
dissolves in potash and in alkaline carbonates, forming solutions of the colour of 
aulphindigotic acid; acids precipitute it therefrom in blue flakes. 

HTDROCnrVAMZBL C 2T H 24 N 2 - N 2 (C*ll« ) a . Cinnhydramide. Hydride of 
Aiocinnamyl. (Laurent, Rev. scion t. x. 119.) — Produced by the action of ammonia 
on hydride of ciunamyl: 

3OTPO + 2NH* - N 2 (C*H 8 )* + 3H 2 0. 

When purified by rccrystallisation from hot alcohol and ether, it forms colourless right 
prisms with rectangular base, but having their bases replaced by two triangular facets, 
meeting at a very obtuse angle. It inodorous, insoluble in water, fusible, and soli- 
difies on cooling to a transparent amorphous mass like gum. It is decomposed by 
distillation, yielding an oil and a solid substance. It is not decomposed by boiling 
hydrochloric acid, or by alcoholic potash ; but boiling nitric acid decomposes it, yielding 
a product which melts in boiling water. 

Dumas and Peligot, by treating oil of cinnamon with dry ammonia gas, obtained a 
product which crystallised from alcohol and ether in silky tufts, and to which they 
assigned the formula CFH^.NH*, but it probably consisted mainly of hydrocinnamide. 
(Gerhard? s Traitk, iii. 385.) 

BTDBOCOTYXiB ASIATIC A. A plant used iu India as a remedy against 
various cutaneous diseases. According to Lepire (J. Pharm. [3] xxviii. 47), it 
contains & peculiar principle, veil ar in (from the Tamul name of the plant, 
vail drat), which he describes as a bitter, strong-smelling oil, soluble in weak alcohol 
and in ether, thickening on exposure to the air, soluble in aqueous ammonia, insoluble 
in potash. 

HYDRO CROCOITXC ACXD. (Lerch, Ann. Ch. Pharm. 

caxiv. 20.) — An add produced by the action of hydriodic acid on croconate of potas- 
sium in closed vessels. On mixing the product of the reaction with alcoholic potash- 
solution, hydrocroconatc of potassium, CMPK'O 4 , separates as a dingy rod precipitate, 
*hieh crystallises from hot water in crimson needles. The blood-red solution of this 
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•ait » converted into erocooate (and a email quantity of oxalate) of potassium on 
exposure to the air, especially in presence of alkali. 

Hydrocroconic acid is soluble in water, alcohol, and ether, and does not crystallise. 
The barium-salt, C‘H a Ba"0», is a pseony-red precipitate, soluble m hydrochloric, 
insoluble in acetic acid. The lead-salt, C*H 2 Pb"0 4 , is also a red precipitate. 

HTOSOOTAirBASKALnrZ. See Haemaline (p. 8). 

BTDEOCTANIC ACID. See Cyanide of Hydrogen (ii. 214). 
SHTDRODODOllffXTB* A hydromagnesite, having part of the magnesium replaced 
by calcium. Occurs on Somma in isolated, sinter-like, globular or stalactitic, earthy 
masses, having a white or yellowish white colour. According to Kobell (J. pr. Chem. 
xxxvi. 304), it contains 20-22 per cent, lime, 21*28 magnesia, 33*10 carbonic anhydride, 
and 17*40 water: whence the formula 3[(Mg; Ca)C0 3 .H 2 0] + Mg H 2 0 2 . • (Ram- 
melsberg.) 

HYDRO-EXiECTRXC MACHINE. See Electricity (ii. 408). 
BrYDRORSRRXC YAETIC A CXD. See Fkriucyanides (ii. 244). 
BTDXOrESSOCTABIC ACID. See Ferrocyanidbs (ii 226). 
HTDDOriVOBOBATES. See Boron, Fluoride of ( i . 632), 
HTDBOrLDOSXZiICATES. See Silicon, Fluoride of. 

HTDROOALACTOMETER. An arrangement described by Zen neck 
(Jahrb. pr. Pharm. xx. 65 ; Jahresb. 1850, p. 619) for determining the amount of 
water added to normal milk. The milk is coagulated by a.few drops of hydrochloric 
acid, and the volume of the curd, separated by filtration through flannel, is compared 
with that obtained in a similar manner from pure milk. 

HYDROGEN* Atomic weight** 1. Symbol H. (Inflammable air, Wasserstoff, 
Hydrogenium.) — The older alchemists do not appear to have been acquainted with this 
gas. The evolution of an air during the solution of iron in sulphuric acid was first 
noticed in the sixteenth century by Para cols us. The inflammability of the air thus 
produced, was observed in the seventeenth centiuy by Turqu et do Mayerne, and 
afterwards (1672) by Boyle, in his “New Experiments touching the relation between 
Flamo and Air.” L emery in 1700 observed the detonating property of this inflam- 
mublo gas. But the first exact experiments on its nature were made in 1766 by 
Cavendish, who showed that it is a peculiar kind of air, which he called inflammable 
air; that it is produced when iron, zinc, or tin is dissolved in dilute sulphuric or 
hydrochloric acid ; and that different metals evolve different quantities of the gas. He 
also estimated its specific gravity at ^ of that of common air. (It is really about Jj.) 

The inflammable air generated in tnese processes was, however, for some time con- 
founded with other kinds of inflammable air, such as those produced by the destructive 
distillation of organic bodies, by the imperfect combustion of charcoal — with vapour of 
ether, &c., all of which Were supposed to consist essentially of the same inflam mablo 
principle modified by the admixture of other substances. Moreover, it was supposed 
that tne inflammable principle developed in the solution of metals in acids, proceeded 
from the metal| and that it was either phlogiston or intimately related thereto. 

The production of moisture in the burning of hydrogen, appears to have been first 
noticed by Macquor and De la Metherie, in 1766 ; but no one at that time sup- 
posed that the only product of the combustion W'as water. Lavoisier supposed that 
hydrogen, like other combustible bodies, produced an acid in burning, and made several 
unsuccessful experiments to obtain this acid. But the grand discovery that water is 
the sole product of the combustion of hydrogen was made by Cavendish, in 1781, 
and published in 1783. Cavendish showed that 423 volumes of hydiAen required for 
combustion 1,000 volumca of air (which contain 210 volumes of oxygep&nd will, there- 
fore, buru exactly 420 Volumes of hydrogen); and, moreover, that woRF hydrogen and 
oxygen gases are burnt together in certain proportions, nearly all the gas disappears, 
nothing but slight impurities remaining behind. These results were afterwards fully 
confirmed by the experiments of Lavoisier and Laplace (see Gas, ii 780). 

Sources. — Hydrogen is never found in the free state. The compound which contains 
it in the greatest abundance is marsh-gas, of which it forms one-fourth. Of water it 
forms one-ninth. It occurs in smaller quantities in combination with phosphorus, 
sulphur, iodine, bromine, carbon and nitrogen, and is an essential constituent of nearly 
all organic, compounds. 

Preparation. - Hydrogen is generally obtained by the decomposition of water, or of 
dilute acids. — 1. It is produced in the state of greatest purity by electrolysis, as already 
explained in the article Analysis of Gases (i. 285). 

s. By passing vapour of water over iron nails or wire contained in a gun-barrel, laid 
horizontally in a furnace, and heated to bright redness. The iron is thereby converted 
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into ferroeo-feme oxide, Fe*0 4 , while hydrogen gas passes over, and may be eelhetod 
over water; # 

3. By introducing potassium or sodium into an inverted tube or cylinder filled with 
water or alcohol, and standing in a vessel of the same liquid. It is best to wrap the 
metal in a piece of paper before plunging it under the mouth of the cylinder: 

H*0 + Na - NaHO + H. 

Hydrate of 
sodium. 


C 2 H*0 + Na 

Alcohol. 


C*H*NaO + H. 

Ethylate of 
sodium. 


4 . By dissolving zinc or iron in sulphuric acid diluted with an eight-told quantity 
of water, or in hydrochloric acid diluted with twice its weight of water: 

H 2 S0 4 + Zn - ZnSO 4 + H*, 
aI1 d 2HCI + Zn a ZnCl* + H*. 

Tin's is the most convenient method of obtaining the gas forgonoral purposes. — 5 . By 
dissoh'ing zinc, in contact with iron or platinum, in solution of caustic potash, eincate 
of potassium being then formed : 

2KHO + Zn « ZnK 3 0* + H*. 

Hydrate of Zincateof 

potassium. potassium. 

The use of the iron is to form an electric couple with the zinc, the latter then acting 
on the positive or active metal. 

6. By acting on cuprous hydride with hydrochloric acid : 

Cu s II* + 2UC1 - GVC1* + 211*. 


7. By houting formates or oxalates with excess of hydrate of potassium, sodium, or 
calcium : 


CHKO 2 

+ KIIO = 

CK*0* + 

11*. 

Formate of 


Carbonate of 


potastlum. 


poiuxsium. 


C 2 K 2 0 4 

Oxalate of 
potassium. 

+ 2KHO - 

2CK z O* + 

II*. 


8. By the action of hydrate of potassium on certain organic bodies having a tendency 
to form acids by oxidation : 

C T H*0 + KHO = CHHKO* + H*. 

Hydride of Benzoate of 

benzoyl. potassium. 

Purijtcai ion,— Hydrogen prepared by dissolving zinc or iron in sulphuric acid— 
which is the method most used — may contain the following impurities : — 1. Sulphurous 
acid, if this acid is present in the sulphuric acid used. — 2. Nitrous oxide or nitric 
oxide qas, if the sulphuric acid contains nitric oxide, nitrous acid, or nitric acid.-— 

3. Sulpkydric acid , if the zinc contains sulphide of zinc, or if the sulphuric acid con- 
tains sulphurous acid — or if a fresh quantity of strong sulphuric acid do added to the 
dilute acid already acting on the zinc, without mixing it well with tho liquid. — 

4. Phosphorelted hydrogen , if the zinc contains phosphorus. — 6. Arsencttcd hydrogen, 
if the zinc contains arsenic, or if the sulphuric acid contains arsenious acid. — 6. Cbr- 
b'mic anhydride has occasionally been observed in hydrogen prepared with peculiar 
kinds of zinc. These impurities, which give the gas an unpleasant odour, may be 
removed by passing it over substances which absorb or decompose the adventitious 
gases. Dumas passed tho gas through two U-tubes, each about three feet long, and 
filled with broken glass, the glass in the first tube being moistened with nitrate of lead, 
which removes the sulphydric acid, and that in the second with sulphate of silver, by 
which the arsenetted hydrogen is separated ; then through a third U-tube filled with 
fragments of pumice-stone saturated with strong potash ; and, lastly, to render it anhy- 
drous, first through a tube containing fragments of hydrate of potassium, then through 
another con tain ing phosphoric anhydride or pumice-stone soaked in oil of vitriol. To 
avoid the presence of oxides of nitrogen, it is best to use sulphuric acid perfectly free 
from those oxides. 

Hydrogeo gas obtained by the use of iron may contain the same impurities as that 
prepared with zinc — and in addition: — 1. Ferruretted hydrogen— to be removed by 
fuming nitric acid or solution of mercuric chloride; and 2. The vapour of an oily 
hydrocarbon, which is produced in larger quantity as the iron contains more carbon, 
aud communicates a peculiarly repulsive odour to the gas. It may be removed • by 
passing the gas through alcohol, and the alcohol may be afterwards separated by watafi, 
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According to DSbereiner (Scbw. 3 . iii. 377), the gas obtained with either tine or iron 
may be deprived of all odour by 24 hours’ contact with moistened charcoal powder. 

In whatever manner the gas may be prepared, it generally contains a small quantity 
of atmospheric air, proceeding from the liquids used in the preparation. The nitrogen 
cannot be removed; but the oxygen may be separated by leaving the gas for a while 
in contact with spongy platinum, which causes the oxygen to unite with a portion of 
the hydrogen and form water. 

Properties, - Hydrogen is a colourless gas, of specific gravity 0*0693. It is the 
lightest of all known substances, being about 14£ times as light as atmospheric air; it 
may therefore be used for inflating balloons. Soap-bubbles filled with it rise rapidly 
in the air. It escapes rapidly out of vessels with their mouths turned upwards ; but a 
■ wide-mouthed vessel filled with it may be carried with its mouth downwards for a 
considerable distance without the gas escaping. For the same reason, it iB easily 
collected by displacement, without the use of water, viz. by holding the vessel which 
is to receive it, over the extremity of a vertical tube attached to the mouth of the 
generating vessel. 

Hydrogen is odourless when quite pure, but as usually prepared, it has a disagreeable 
odour , arising from impurities. Small animals introduced into the gas die instantly. 
In man, the pure gas excites, after two inspirations, disagreeable sensations and loss 
of muscular power; when mixed with air, it may be breathed for a longer time, but 
imparts a peculiar squeaking tone to the voice. It is not directly injurious, but so long as 
it is inhaled, oxygen gas, which is essential to life, is prevented from entering the lungs. 

Hydrogen is very inflammable, and burns in the air with a pale blue flame. It does 
not support the combustion of those bodies which burn in the air: for instance, if ajar 
full of hydrogen he held with its mouth downwards, and a lighted taper plunged into 
it., the hydrogen will be set on fire at the mouth, but the taper will bo extinguished. 

A jet of oxygen will, however, burn in hydrogen, as well as a jot of hydrogen in oxygen, 
though with a somewhat different appearance. The experiment may be made by 
setting fire to hydrogen -gas at the mouth of a bottle, and then directing a jet of oxygen 
through the flame into the body of the gas. A flame will then be formed at the orifico 
of the jet, and will continue to burn till the hydrogen is exhausted. 

Hydrogen and oxygen unite to form water, in the proportion of 2 volumes of hydrogen 
to 1 volume of oxygen ; and when the gases are mixed in these proportions, they may 
be made to unite, either slowly or rapidly, the entire volume of gas disappearing. On 
bringing burning body in contact with the mixture, or passing an electric spark 
through it, combination instantly takes place throughout the whole mass, attended 
with great and sudden rise of temperature, whereby the mixed gases, or rather tho 
watery vapour resulting from their union, are expended with a force sufficient to shatter 
the containing vessel, if not of great strength. If tho vessel is entirely closed, and 
strong enough to resist the expansive force of tho gas, no noise is heard ; hut if the 
mouth of the vessel be left open, or the gas be able to force for itself a passage into the 
air, a loud detonation is the result, arising from the concussion of the air by the 
escaping gases. The same effect is produced, though with much less intensity, when a 
mixture of 2 vol. hydrogen and 6 vol. atmospheric air (containing 1 vol. oxygen, the 
quantity required to unite with 2 vol. hydrogen) is exposed to the action of flame or 
the electric spark. Hence, in manipulating with hydrogen, great care must be taken 
to prevent accidental admixture of air, as, if such admixture takes place unknown to the 
operator, explosions of dangerous character may ensue when the gas comes in contact with 
flame. In collecting the gas, a considerable quantity should be suffered to escape before 
any of it is collected, so that the air in the apparatus may be completely eliminated. 

Tho rapid combination of hydrogen and oxygen may be brought ahcftit, not only by 
the contact of flame, but also by the heat of a red-hot iron wire, or a&oal hot enough to 
exhibit a visible glow by daylight. According to Biot (Gilb. Aomu. 99), the heat 
produced by suddenly compressing the detonating gas, is sufficient to firase the explosion. 

Tho presence of certain metals causes the gases to unite, even af ordinary tempera- 
tures. This effect is exhibited most strikingly by platinum, in the form of platinum- 
sponge or platinum-black (see Platinttm) ; but it is also produced by a plate of the 
metal rendered perfectly clean by rubbing it while hot with fused potash, then washing 
it with water, dipping it into hot oil of vitriol, and again washing with water. Similar 
effects are exhibited, though with less facility, by spongy iridium and osmium, finely 
divided palladium, gold in the form of leaves or dust, and silver leaf. Thia peculiar 
action of platinum and other metals appears to be due (in part at least) to the absorp- 
tion of the gases by the metal, and their condensation within its pores. (See Gasbs, 
Absorption of, by Souds, ii. 804.) 

The flame of hydrogen, though but feebly luminous, is intensely hot, and when a jet 
-of oxygen is directed through it, as in the oxy-hydrogen blowpij kj, the proportions of 
the two gases being properly adjusted so that neither of them is in excess, the heat 
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produced is the highest that can be obtained by chepieal combination. (See BLOW- 
PIPE, OXX-HYDROGEN, j. 616.) 

Hydrogen likewise unites very energetically with chlorine, forming hydrochloric acid. 
The gases, in equal volumes, may be mixed in the dark without uniting, but on expo- 
sure to diffused daylight, combination takes place gradually, &ad exposure to the direct 
rays of the sun, or to the light of the electric arc, or of lime ignited by the oxy-hydrogen 
flame, causes instant combination, attended with violent explosion. Explosion is also 
produced by contact with flame, or with a brick heated to 150° C. With ^romtns- 
vapour , hydrogen does not unite at ordinary temperatures, even in sunshine; but partial 
combination is effected by contact with a red-hot wire. With iodine , it unites when a 
mixture of hydrogen and iodine- vapour is passed through a red-hot tube, and, according 
to Blundell (Pogg. Ann. ii. 216), at ordinary temperatures under the influence of 
spongy platinum. With other elements hydrogen does not unite directly. 

Hydrogen is an essential constituent of acids — properly so called— these bodies being 
in fact salts of hydrogen. ( See Acids, i. 39.) It also forms basic compounds, via. 
ammonia, arsenetted, anfimonetted hydrogen, &c.; and unites with metals and organic 
radicles, forming compounds called hydrides (p. 180). 

HTIMMHMrar, ANTZMOlflDE OS*. See Antimony, Hydride of (i. 822). 

HTOSOOBIf , AS8B 9TZBB8 OF. See Arsenic, Htdrides of (i. 871). 

H rDROOEir, BROMIDE OF. See Bromide of Htdrooen (i. 672). 

HYDXOOEBT, CBliOXIDB OF. See Ciiuorhydric acid (i. 890). 

HYDKOOEir, FLVORIBX OF. See Fi.uorhydhic acid (ii. 669). 

UYDSOOXOT, IODIDES OF. See Iodhydric acid. 

HTDDOCMBEr, OXIDES OF. Hydrogen forms two, or perhaps three, com- 
pounds with oxygen, viz. the Protoxide or water, IPO ; the dioxide or peroxide, IPO*, 
and perhaps Ozone , which according to Baumert is a trioxide of hydrogen, IPO*. 

Water. IPO, — The properties of water will be described in a separate article; 
we shall here speak only of its composition. Wo have already stated that when pure 
oxygen and pure hydrogen are mixed in the proportion of 2 vol. H to 1 vol. O, aud 
exploded, the entire volume of gas disappears and nothing is produced but water. 
Now the density of oxygen is 16 times as great as that of hydrogen : lienee water is 
composed, by weight, of 8 pts. of oxygen to 1 pt. of hydrogen. This composition has 
hitherto been most generally represented by the formula IIO, water being thus 
regarded as a compound of hydrogen and oxygen in equal numbers of atoms, and the 
atom of oxygen being supposed to weigh 8 times as much os that of hydrogen. But 
there are many reasons for supposing that a molecule of water contains 2 at. of 
hydrogen united with 1 at. of oxygen — a composition represented by Lho formula 

jjO or IPO. These reasons have thready been given in the article Atomic Weights 


(i. 461), and need not here be repeated. Wo will merely mention that, mccording to 
the formula H*0, the atomic weights of oxygen and hydrogen are to ono another as the 
densities of the two gases, which is the most simple supposition that can be mado 
respecting them, and is in accordance with tho conclusions deduced from the dynamical 
theory of heat (p. 132). 

The composition of water by weight and volume may lw ascertained in various other 
ways, besides the direct combination of the component gases. When water is decom- 
posed by electrolysis, the gases are evolved very nearly in tho proportion of 2 vol. II to 
1 vol. O, but the volume of oxygen is always somewhat less than it should boon account 
of its greater absorbability in water. Tho composition might also be ascertained by 
va P olir vrater over red-hot iron, measuring the volume of the hydrogen 
evolved, and determining tho increase in weight of the iron. 

But the most exact, method is that adopted by Berzelius and I) u long (Ann. Ch. 
■^hys. [2] xv. 86) and by Dumas (Ann. Ch. Phys. [3] viii. 189), which consists in 
P*s«ng pure and dry hydrogen gas, obtainedsus described at p. 198, over red-hot oxide 
* copper. This oxide then gives up its oxygen to the hydrogen, and forms water, which 

collected, partly in a small receiver attached to the end of the tube containing the 
wide of copper, partly in a tube containing dry chloride of calcium. The quantity of 
™ UB P r °d. uce< l is weighed, and tho loss of weight which the oxide of copper 
*ins bv parting with its oxygen, is likewise determined. These experiments show 
s composed exactly in the proportion of 8 pts. by weight of oxygen to 1 pt. 

Calculation. 
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Hioxido, or Peroxide of Hydrogen* HO or TPO 7 .— This remarkable com * 
pound was discovered by ThSnard (Traiti de Chi mi f, 4 me . 6d, iy.2, 41). —It is 
produced when peroxide of potassium, sodium, barium, strontium, or calcium is digested 
f n any acid which forms a soluble salt with the base resulting from the decomposition 
of the peroxide, the excess of oxygen not escaping as gas, but passing over to a portion 
of the water, and converting it into peroxide of hydrogen, e.g . : 

BaO + HC1 - 2BaCl + HO. 

Preparation. — Pure baryta is prepared by igniting, in a porcelain retort, nitrate of 
barium free from iron and manganese. The baryta, broken into pieces about the size 
of a nut, is then put into a coated glass tube and heated to low redness, while a current 
of oxygen gas free from carbonic acid and dried by means of quicklime, is passed over 
it. for the first eight minutes the gas is eagerly absorbed by the baryta. After it has 
begun to escape from the farther end of the tube (to which a gas delivery-tubo passing 
underwater is fitted), the stream is still kept up for the space of ten or fifteen minutes. 
The peroxide of barium obtained by this process is, after cooling, preserved in a bottle. 
In the next place, 200 grms. of water are mixed with as much hydrochloric acid as will 
neutralise about 15 grms. of baryta. Into this liquid, contained in a cylinder, or 
better, in a dish of silver or platinum kept cool by surrounding it with ice, 12 grms. of 
peroxide of barium, slightly moistened and rubbed up in an agate mortar, are intro- 
duced by means of a wooden spatula : on agitating or stirring the liquid with tho pestle, 
the whole dissolves completely and without effervescence. The baryta is next pre- 
cipitated by sulphuric acid, added drop by drop till slightly in excess: the presence of 
an excess of the acid may be known by the sulphate of barium falling down mow 
quickly than before. 12 grms. more of the peroxide are then dissolved in the same 
liquid, and likewise precipitated by sulphuric acid. The liquid, which now contains 
hydrochloric acid, sulphuric acid, a largo quantity of water, and a small quantity of 
peroxide of hydrogen, is next separated by filtration from the sulphate of barium, the 
precipitate washed with a little water, and the last wash-water retained for future 
washings, Tho filtrate is again mixed, as above, twice with peroxide of barium, and 
twice with sulphuric acid. The filtration is then repeated, and the process continued 
in the same way, till 90 or 100 grms. of the peroxide are consumed. The liquid thus 
obtained would, on decomposition, yield from 25 to 30 measures of oxygen gas. To 
separate silica, alumina, sesquioxide of iron, sesquioxide of manganese, &c., which pro- 
ceed from the porcelain retort in which the nitrate of baryta was ignited, the liquid is 
mixed with concentrated solution of phosphoric acid (2 or 3 pts. of phosphoric acid to 
100 pts. of peroxido of barium)— then surrounded with ice, and supersaturated with 
pounded peroxido of barium : silica and tho phosphates of iron, manganese, and 
aluminium then separate rapidly in flakes, and must bo separated from the liquid by 
filtration through linen, and if necessary through paper. Tho prosenco of a largo 
quantity of sulphate of barium renders the filtration difficult. (If no phosphoric acid 
were present, the sesquioxides of iron and manganese would fall down by themselves, 
and £ive rise to a rapid evolution of oxygen gas ; but when they are mixed with phos- 
phoric acid, they do not produce this effect.) Should the liquid still contain portions 
of these oxides, they must bo separated by the addition of a slight excess of baryta- 
water ; whereupon, the liquid must be immediately and rapidly filtered through several 
filters at onco, and the filters squeezed between linen to get all out. The whole of the 
baryta must then be separated by carefully adding sulphuric acid in very slight excess, 
and filtering. The filtrate now contains nothing but water, peroxide of hydrogen, hy- 
drochloric acid, and a very little sulphuric acid. To separate the hydrochloric acid, 
the liquid is surrounded with ice, and mixed with sulphate of silver. In the first place, 
sulphate of silver, obtained by heating nitrate of silver in contact JjlUh oil of vitriol in 
a platinum crucible, is introduced in the form of powder into tjlf&iquid — the whole 
being constantly stirred till the liquid becomes clear, a sign that tStf'hydiochloric acid 
is wholly or nearly precipitated. Any hydrochloric acid that may still remain must 
be separated by cautiously adding more sulphate of silver. If the latter has been 
added in excess, it must be precipitated by carefully dropping in a dilute solution of 
chloride of barium. The liquid should contain neither hydrochloric acid nor silver, and 
should therefore give no precipitate either with solution of silver or with hydrochloric 
acid. The chloride of silver is separated by filtration and pressure, any portion of 
liquid which comes through turbid being filtered over again. To remove the sulphuric 
acid also, and obtain a pure mixture of water and peroxide of hydrogen, the liquid is 
placed in a glass mortar surrounded with ice, and rubbed up with slaked baryta 
previously pounded and diffused through water : the baryta is added till the sulphuric acid 
u very nearly saturated. The liquid is then filtered, the filter pressed between linen, 
and baryta -water added in slight excess . this often occasions the precipitat ion of oxide 
of iron and oxide of manganese, as well as sulphate of barium; hence the filtration 
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mpgi fo^idly perfumed. The excess of baryta is removed by cautiously Adding 
dibit* m $phoric acid, so that there may be rather a rerjr slight excess of the acid than 
of the fewyta. The whole of the sulphuric acid may lucerne be removed by means 
of carbonate of barium obtained in a finely-divided state by precipitation, instead of 
by slaked baryta and baryta-water. Finally, to separate the whole or nearly the 
whole of the water, the vessel containing the liquid is placed in a dish containing oil 
of vitriol, and the whole placed under a receiver of the air-pump : the water then 
evaporates before the peroxide of hydrogen. The fluid is agitated from time to time. 
If it should deposit flakes of silica, which give rise to the escape of oxygen gas, it must 
be decanted off from them by means of a siphon : if it should evolve oxygen — which it 
will do as soon as it is so far concentrated as to contain About 250 times its voluitte of 
oxygen — two or three drops of sulphuric acid must be added to it. The concentration 
must be stopped after a few days, when the liquid is brought to such a state that when 
decomposed it would evolve 475 volumes of oxygen gas ; for this residue, if left longer 
in vacuo, would evaporate as a whole. Tho peroxide of hydrogen must be kept in 
long glass tubes closed with stoppers and surrounded with ice ; but, even under these 
circumstances, it decomposes slowly and evolves oxygen gas. (Thdnard.^ 

2. Peroxide of barium is decomposed by hydrated hydrofluoric acid or solution of 
hydrofluosilicic acid, the whole being kept constantly cool : in this case, insoluble fluoride 
of barium or double fluoride of silicium and barium separates at once. A* soon in- 
sufficient quantities of acid and peroxide of barium have been mixed, the peroxide of 
hydrogen, still containing a large quantity of water, is filtered from the precipitate and 
concentrated in yacuo over oil of vitriol. (Pelouze, Berg. Lehrb. i. 411.) 

Properties. — Colourless transparent liquid, of specific gravity 1*462; it does not 
freeze at —30°; evaporates in vacuo at ordinary temperatures without decompo- 
sition, though much less readily than water; docs not *redden litmus, but gradually 
blenches both litmus and turmeric paper; has a harsh, bitter taste, similar to that of 
tartar-emetic; whitens the tongue and thickons the saliva; when placed upon the 
hand, it instautly turns the cuticle white, and after a time produces violent itching. 
(Thdnard.) 

Peroxide of hydrogen is miscible in all proportions with water, part of the watnr 
freezing out on exposure to cold. A solution containing eight times its own volume of 
oxygen gas begins to evolve gas at 60°, and subsiKjuently gets into a state of violent 
ebullition, ana when this has ceased, nothing is left but water. The peroxide likewise 
unites with acids, e.ej. phosphoric, sulphuric, hydrochloric, nitric acid, &c., forming 
mixtures in which it is less easily decomposible than when alone. 

It is doubtful whethor peroxide of hydrogen has ever been obtained quite free from 
water. Th^nard, however, found in a specimen prepared as above described, 6*02 per 
cent, hydrogen, and 93*98 oxygen, the formula HO requiring 5*88 H, and 94*12 O. 

Decompositions. — The second atom of oxygen is retained by the hydrogen very 
loosely. Under various, and often enigmatical circumstances, it separates from the 
water in the form of gas, the volume of which at 14° and 0*76 m . bar. (29*8 inches) 
amounts to 475 times that of the liquid. The gas often escapes with such rapidity as 
to produce violent effervescence, und even explosion. Great heat is also developed, 
and when the experiment is made in tho dark, even light is apparent. 

The several modes of decomposition are ns follows : — 

1. In the circuit of the voltaic battery, peroxide of hydrogen, like witter, is gradually 
resolved into hydrogen at the negnt ive and oxygen at the positive pole — only tliAt the 
proportion of oxygen is greater than in the decomposition of water. (Th6 nard.) 

2. By a certain elevation of temperature. At freezing temperatures, peroxide of 
hydrogen is but very slowly decomposed; at ordinary temperatures, it merely evolves 
a bubble of oxygen now and then, the decomposition not being complete for months; 

20° the escape of gas becomes more perceptiblo. By suddenly raising the tempera- 
ture to 100°, this gradual escape of gas may be converted into a kind of explosion, 
finally, there remains behind nothing but pure water. Sunshine does not appear to 
accelerate the decomposition at ordinary temperatures. (T h b n ard.) 

3. By contact with certain substances, which either remain unaltered, or take up 
pjrt of the oxygon of the peroxide, or on the oontrary themselves evolve oxygen.— 

rapidity with which these substances induce the separation of oxygen from the 
• depends partly on their chemical nature, partly on the minuteness of their 
toec ”*J , i ca l division : the further this is carried, the more rapid is the action. (Th4n ard.) 

H ^- Peroxide of hydrogen, whether pure or in aqueous solution, acts as a powerful 
Raising agent It converts arsenious acid into arsenic acid, sulphurous acid into 
Wuphunc acid, sulphide of lead into sulphate of lead, and the hydrated protoxides of 
®*“8*nese, iron aQ( | cobalt, into the peroxide and sesqoioxides respectively. The 
P™**ides of barium, strontium, and calcium are transformed into the corresponding 
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peroxides, which, being insoluble, are precipitated. The concentrated i 
oxide of hydrogen acts with great violence upon certain of. the demon ^ 
arsenic, molybdenum, chromium, foe, converting them at once into their high*! 

b. Certain bodies, among which are included charcoal, many metaf~ ~ 
metallic oxides, induce, by their mere contact, a more or less violent dec 
the peroxide into water and oxygen, without themselves undergoing any changed 
platinum, and silver, particularly when in the precipitated or spongy State* 
violently, and cause a great disengagement of heat. A slightly acid:' sofrfctioft of 
peroxide is less amenable to the action of these agents than is the pure aqueous solo*» 
tion ; alkalis on the other hand facilitate the decomposition. The action of the above* 
mentioned bodies in causing the decomposition of the peroxide is termed catalytic. 
Its nature, however, is not at present understood. 

c. But the most remarkable circumstance connected with peroxide of hydrogen is its 
property of acting as a reducing agent. When peroxide of hydrogen, or its analogue, 
peroxide of barium, is added to any ono of the following substances, namely, the pr&- 
toxides of silver or mercury, the peroxides of manganese or lead, the chromic, perman- 
ganic, and ferricyanic acids, or their salts, not only is oxygen evolved from the 
peroxide of hydrogen, but also from the other oxidised body. Several of these reactions 
*were noticed by Th^nard in 1818, but they were first minutely examined and 
explained by Brodio in 1850 (Phil. Trans. 1850, p. 759; Chem. Soc. Qu. J. iv. 194; 
further, Chem. Soc. Qu. J. vii. 304). In accordance with his views, it seems that the 
second atom of oxygon in the peroxides of hydrogon and barium is not merely retained 
in an unstable state of combination, but that it is, by association with the oxide of an 
electro-positive element, like hydrogen or barium, thrown into a polar state, opposite 
to the polar state of the oxygen in unstable protoxides, and to that of the loosely 
combined oxygen in the more or less chlorous peroxides. Hence when the peroxide 
of hydrogen or barium is brought into relation with one or other of these oxygenised 
compounds, the two oppositely polarised oxygens unite with ono another, as indicated 
in the following formulae : — 


MnOO + H’OO 
AgAgO + IPOO 


MnO + IPO + OO 
AgAg + IPO + 05 


CrWO 1 

I* 


+ H a O s O* 

+ ipoo 


Cr a O s + 
2HI + 


3 IPO + 
OO 


300 


Brodio has shown that, in tho third and fourth reactions, the amounts of oxygen set 
free correspond exactly with the above expressions. In the other two reactions, somo 


, - — h»g to the second equation 

has not been found to constitute more than 49, instead of 60, per ceut. of tho total 
quantity of oxygen evolved. -It is observable that in no case can the oxygon from tho 
peroxide constitute less than one-half of tho total oxygon liberated. The above re- 
actions are perfectly comparable with admitted reactions showing the formation of v 
hydrogen and the alcohol radicles (see Chemical affinity i. 857), for example > 


Cu*H* 


2HC1 


Cu*01* + 2HII. 


Zn(C*II s )* -f 2(C 2 H 5 )I * ZnP + 2(C 2 H')(C 2 H 4 ). , 

Schon bei n, apparently unaware of Brodie's researches, has recently drawn attenfiop 
to the phenomena of deoxidation effected by the peroxides of hywKcn and bttdtlfo, 
and has shown that ozone is rendered inactive by them. He reganfrozone i 

nently negative oxygon, O, which can form ozonidesof silver, of manganous < 
and, in the above reaction, is neutralised by the permanently positive 

antorone, 0,^of the peroxide of hydrogen ; whereas, according to Brodio, the polarity 

- associated, and 


the oxygen dei 
manifested oni 


Verhandl. d. naturC* 


mends upon the nature of the body with which it is 

ly at the instant of its dissociation. (Sch o n be i n, \ 

Gesellsch. in Basel, ii. 113, 463, 472 ; Ann. Ch. Pharm. cviii. 157 ; J. pr. Chem. lxxfih 
257, 263; lxxx. 266, 275; lxxxi. 1; lxxxiii. 86; Jahresber. 1858, p. 68: 1859, p„ fi&tU 
1860, p. 54; 1862, p. 96.) F 

Schiinbein has confirmed the observations of Meidinger and others, that peroxide 
hydrogen may sometimes bo detected in water which has undergone electrolysis. * 
also to have shown that traces of peroxide of hydrogen are produced 
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p oxidation occurring In the presence of moisture ; for example, those of 
pother, cine, &c. This production of peroxide of hydrogen he considers 

P s of the other oxidation. Thus when moist zinc-filings are oxidised by 
,a quantity of peroxide of hydrogen, which maybe dissolved out by 
fitted to chemical tests, is formed, according to the following equation : 


ffZtp + 2H 2 0 + 2H 2 0 + 200 


ZnH*0 2 + ZnLDO 2 + 2H*00. 


*1fc*|Belde of hydrogen, even in a very dilute state, may be recognised either by its 
oxidising or by its reducing properties. Thus i t decolorises a solution of indigo, especially 
fn the presence of sulphate of iron, which apparently serves to convey the oxygen from 
the peroxide to the indigo ; and similarly it liberates iodine from a solution of iodide 
of potassium, starch, and sulphate of iron. On the other hand, it decolorises a 
solution of permanganate of potassium by reduction* and causes a blue precipitate 
in a solution containing sesquichloride of iron and ferricynnide of potassium. It 
eventually reduces chromic acid to the state of chromic hydrate, but its first action 
is to produce, by oxidation, a very unstable perohromic acid. This compound, which 
has a deep blue colour, is readily soluble in ether, and its ethereal solution has a 
certain degree of stability; so that the presence of peroxido of hydrogen in any liquid 
may be ascertained by mixing it with ether, and then adding a few drops of a solution 
of chromic acid, whereby the ether assumes a bright blue colour. 

The compound radicle, peroxide of hydrogen HO, is equivalent to the simple radicle 
chlorine Cl, and in a great number of reactions is exchangeable for chlorine and its 
congeners. One of the most generally useful modes of oxygenating different compounds 
consists in first substituting a halogen in exchange for hydrogen, and then, by means 
of water, substituting poroxide of hydrogen in exchange for the halogen. Thus, by the 
action of bromine upon acetic acid, we obtain bromacetic acid : — 


CHPO* + Er 2 « C*IPBr0 2 + HBr. 


Then, by the action of water upon bromacetic acid, we obtain gly collie, or oxyacetic 
acid ; — 

* C 2 H»BrO* + H.HO = C 2 H\H0)0* or C*H«0* + HBr. 

Manual of Chemistry , p. 1 24 . > 

Trl oxide of Hydrogen. H 2 0* — This, according to Baumert (Pogg. Ann. lxxxix. 
38), ii the composition of Ozone (q. v.) 

t HlbEOOBMT, PHOSPHIDES OP, Three of these compounds are known, 
viz. phosphoretted hydrogen gas, PII*, liquid phosphide of hydrogen, PH 2 , and the 
solid phosphide, PHI. 

1. Phosphoretted Hydrogen or Phosphamtne. Pn*. — This gas, the 
analojjrue of ammonia, is produced by the spontaneous decomposition of phosphorised 
organic bodies, decaying fish for example. Its natural evolution appears to be the 
causo^of u/nesfatm and similar luminous appearances. The gas is also liberated in 
many chemical reactions, but it is very difficult to obtain pure, being always mixed 
with a greater or lesser proportion of free hydrogen, and frequently with the vapour of 
hquid phosphide of hydrogen, which renders it spontaneously inflammable, a property 
wh ich it does not possess when free from the liquid phosphide. The spontaneously 
I ftfU to htn ble gas was discovered in 1789 by G engembre (CrelL Ann. i. 450), and the 
B©n-*pontaneously inflammable gas by Davy some years later. 

■' ^Production of the spontaneously inflammable gas. 1. The compounds of phosphorus 
with the alkali-metals are resolved, in contact with water, into an alkaline hypophos- 
phite and phosphoretted hydrogen. An impure phosphide of calcium is generally used 
for the purpose, prepared by heating phosphorus with lime (L 719). When it is thrown 
mtowater, spontaneously inflammable phosphoretted hydrogen is slowly liberated, and 
»%feabbles of gas, as they reach the surface, t;ike fire, burn with a highly luminous 
P roduce thick clouds of white smoke, which, in a quiet atmosphere, ascend 
of successive gradually expanding rings. 

xbosphidc of zinc, tin, or iron, with aqueous sulphuric or hydrochloric acid, yield* 
* 8U ^P^ ate or chloride and phosphoretted hydrogen gas. 

. ®*J^ os pt |or u* heated in an aqueous solution of a fixed alkali, yields phosphoretted 
nyoro^en $aa, together with a hypophosphite and phosphate of the alkali-metal. Such 
to ft? 00 M e * c ** <H ? potash, soda, lithia, baryta, strontia, and lime, and, according; 
"Raymond, by oxide of zinc and protoxide of iron. The primafy decomposition 
yww** phosphoretted hydrogen and hypophosphite ; thus with lime-water; — 


3CaH 7 0 2 + P* + 6H 2 0 - SCaH'P’O* + 

Hydrate of 11 jrpopJtoi- 

caJcium. phite of cal- 

cium. 


2PH* 
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But from the reiy beginning of the action, the phosphoretted hydrogen 
with more or lew free hydrogen, and there is likewise a certain quantity c^^Pa^hate 
produced ; and as the boiling is continued and the solution becomes more ooi&htrated, 
the quantity of hydrogen gas continually increases, because a greater and greater 
quantity of the alkaline hypophospbite is resolved, by boiling in the al kaline liquid, 
into hydrogen and an Alkaline phosphate, e.g. : 

KH*P0 2 + 2KHO - K*PO* + E*. 

Hypophospbite Phosphate 

of potassium. of potassium. 

This secondary decomposition takes place especially with the hypophosphites of the 
true alkali-metals ; hence solutions of the alkaline earths are best adapted for the 
preparation of pure phosphoretted hydrogen. 

4. When hypophosphites are heated, phosphoretted hydrogen is evolved, generally of 
the more inflammable, more rarely of the less inflammable variety, mixed with a 
certain quantity of vapour of phosphorus and free hydrogen gas. (H. Kose.^ 

The non-spontaneously inflammable gas is produced — 1. When hypophospnorous or 
phosphorous acid is heated, these acids being then resolved into phosphoric acid and 
phosphoretted hydrogen, which may be collected over water: 

2H*P0 a - PH* + H*P0 4 . 

llypophoi- 
phoroua acid. 

4IFP0* =» PII* + 3H*P0 4 . 

Phosphorous 

nrid. 


According to Dumas and H. Rose, the first portions of gas evolved by this process are 
pure, but the later portions contain a considerable quantity of free hydrogen. The 
phosphorous acid should bo gently heated in a flask of hard glass, as when softer glass 
is used, a phosphite of alkali-metal is frequently formed, which is decomposed by the 
heat and yiolds free hydrogen. The mixture of phosphorous and phosphoric acids, 
sometimes called phosphatic acid, which is produced when phosphorus is left to oxidise 
slowly in moist air, may be used for the purpose. By the application of a stronger 
heat, hypophosphites, as well as hypophosphorus itself, yield phosphoretted hydrogen, 
but tho gas produced from the salts is usually spontaneously inflammable and mixed 
with free hydrogen. — 2. When zinc or iron is dissolved in aquoous phosphorous acid, 
or zinc in a mixture of aqueous phosphorous acid and sulphuric acid, or when phos- 
phoric acid is deoxidised by potassium or sodium (Wohler). — 3. When phosphorus is 
boiled with hydrate of potassium and alcohol, the non-inflammable gas is evolved, mixed 
with hydrogen gas and alcohol vapour, and there remains hypophospbite of potassium 
and a small quantity of phosphate, together with excess of potash (II. Rose). — 4. When 
phosphide of calcium is decomposed by concentrated hydrochloric acid (Dumas). — 
6. Phosphorus, under tho influence of light, decomposes water, producing phosphoric 
oxide [? red phosphorus] and phosphoretted hydrogen gas, which remains dissolved in 
the water. 

Spontaneously inflammable phosphoretted hydrogen may be freed from the com- 
pound PH*, and rendered non-inflammable, by passing it through a freezing mixture ot 
ice and salt ; but according to Graham, tho addition of a minute quantity of nitric 
oxide gas will confer on it the property of spontaneous inflammability £? by oxidising 
a small quantity of it to PH*]. It is also deprived of its spontaneous inflammability 
by exposure to sunlight, by contact with charcoal and other pulverulent bodies, and by 
admixture with the vapours of ethylic chloride, etliylic oxide, alcohol, turpentine, &c. 

Properties, Phosphoretted hydrogen is a colourless gas of specific gravity 1*214 
referred to air, or 1 7*25 referred to hydrogen (D u m a s) ; by calculation for a condensation 

31 + 3 f. . 

to 2 volumes it is - » 17. It is liquefiable, but has noli^t been solidified 

(p. 98). It smells like stinking fish, or rather the fish in a stato aftecomposition hav<^ 
the odour of the gas, since they evolve it It is sparingly soluble in water, more so in 
alcohol, ether, and volatile oils. Neither the gas nor its solutions have any action upon 
blue or red litmus paper. 

Decompositions. — 1 . When a scries of electric sparks is passed through the gas, two 
volumes of it are converted, with deposition of phosphorus, into three volumes of hy- 
drogen.— -2. Most metals heated in the gas combine with the phosphorus, and liberate 
the hydrogen.— 3. Phosphoretted hydrogen is very inflammable, burning with a 
brilliant flame and evolving a white smoke of phosphoric acid. A mixture of the non- 
spontaneously inflammable gas and oxygen standing over water is gradually absorbed, 
with production of phosphorous acid. The mixture of the two gases, though changing 
very gradually at ordinary pressures, undergoes, when suddenly rarefied, an install*, 
taueous decomposition, attended with violent explosion. — 4 . Phosphoretted hydrogga 
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quieter wduoes many oxidised bodies, e.g. nitric oxide, nitric acid, sulphurous only* 
dride sad sulphuric acid. It is completely absorbed by solutions of hypochlorite acid 
and the alkaline hypochlorites. — 5. It precipitates the solutions of many metallic colts 
those of lead very slowly, those of copper more quickly, and those of the noble metals 
most quickly of all. The precipitates, save those produced with mercury-salts, are 
black or dark-coloiired. They consist of metallic phosphide, as in the case of copper; 
of mixed phosphide and metafile salt, as in the case of mercury ; or of reduced metal, 
as in the ease of silver and gold Solution of sulphate of copper is often used for 
estimating the proportion of free hydrogen in ordinary phosphoretfced hydrogen, by 
observing the quantity of gas which it leaves unabsorbea. 

6. Chlorine, bromine, and iodine decompose phosphoretted hydrogen, abstracting its 
hydrogen. If in excess, they also combine with its phosphorus to form the respective 
chlorides, bromides, and iodides, or their products of decomposition with water. When 
bubbles of phosphoretted hydrogen are introduced into a receiver of chlorine, they in- 
flame with a sharp explosion, producing hydrochloric acid and pentachloride of 
phosphorus. Many metallic chlorides also, when gently heated in phosphoretted 
hydrogen, produce hydrochloric acid gus— the volume of which is three times as crest 
as that of the phosphoretted hydrogen— and a metallic phosphide ; or olso hydrochloric 
acid, free phosphorus and free metal. — 6. Sulphur heated in phosphoretted hydrogen 
forms sulphide of hydrogen and sulphide of phosphorus. 

Phosphoretted hydrogen, though devoid of any alkaline reaction, is in other respects 
closely analogous to ammonia ; nonce it is called phosphamine. Thus it unites 
directly with hydriodic acid to form the hydriodate of phosphamine, PH*. HI, or 
iodide of phosphonium, PH'I, and a corresponding compound with hydrobromio 
acid. Moreover, liko ammonia, phosphamine unites with the perchlorides of many 
metals, forming white saline bodies of similar constitution to the ammonio-chlorides. 

Hydriodate of Phosphamine may be obtained by the direct combination of the two 
gasps, or by adding a little water to equal atomic proportions of iodine, ground up with 
pounded glass, and phosphorus cut up into small pieces. Vapours of hydriodate of 
phosphamine mixed with hydriodic acid are immediately given off) the former condensing 
as a crystalline deposit. A better mode of preparation is, however, that given by 
Hofmann, which consists in gently heating iodine in a current of dry phosphoretted 
hydrogen gas : 

4 PH* 4- l* » PI 2 + 3 IP PI. 

The salt crystallises in cubes, which fuse when moderately heated, and out of access of 
air, may bo sublimed without change. They aro deliquescent and are decomposed by 
water into hydriodic acid and phosphamine. 

Hydrobromate of Phosphamine , PH'.lIBr or PlI 4 Br, is also obtained by direct com- 
bination, or it may be prepared by introducing bromide of silicon, together with a littlo 
water, into a jar of phosphoretted hydrogen (Serullas). It crystallises in cuU*s, 
sometimes transparent, sometimes opaque; boils at about 30°. Vapour-density, obe. 

~ 1’906; calc. (2 vol.) —3’98; hence this compound affords an example of anomalous 
vajx)ur-den si ty, probably arising from disassociation (i. 469 ; ii. 8 1 C). 

Derivatives of Phosphamine. — The three atoms of hydrogen, liko those of ammonia, 
in phosphamine, may be replaced by metals or organic radicles, e.g. tricupric phos- 
phide, P^Cu") 1 ; tricuprous phosphide, P^Cu 2 )* ; trkthylphosphine , P(C 3 H S ) # . The 
metallic phosphamines arc obtained by passing phosphoretted hydrogen gas over the 
heated nmtals or tlioir oxides, or into solutions of the respective salts, or by treating 
the metals directly with phosphorus. (See Phosphides.) 

Tho organic derivatives of phosphamine constitute a more important class of com- 
pounds, exactly analogous to the tertiary monamines (i. 176). Phosphorus-bases 
analogous to the primary and secondary monamincs have not yet beon obtained. Tho 
tertiary phosphines aro obtained by decomposing tho zinc-compounds of the alcohol- 
radicles with trichloride of phosphorus, e.g. ; 

3Zn(CHP)* + 2PC1 S - 3ZnCI* + 2P(C?H a )*. 

Zinc-ethyl. TrirthyU 

phokphinc. 

They are volatile strongly basic compounds, which unite readily with adds, forming 
crystalline, salts, analogous to those of triethylamine, &c. Triothylphosphine Hike 
triethylamine) unites directly with iodide of ethyl, forming the iodide of tetrethylpnos- 
phonium, P(C*H*) 4 I, from which, by the action of moist oxide of silver, the hydrate of 
tetrethylphosphonium, P(C*H*) 4 HO, may be obtained. (See Phosphobus-bisbs. ) 

*dquid VHoiphids of Hydrogen. This compound, which communicates sponta- 
neous inflammability to phosphoretted hydrogen gas, was discovered by Paul 
Thenard (Ann. Ch. Phys. [3j xiv. 6), and regards by him as PH*. By somo 
•chemists, however, it is supposed to contain oxygen as well as hydrogen, and to 
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constitute the hydrogen representative of oxychloride of phosphorus, namely, H*PO. 
It is produced, together with spontaneously inflammable phosphoretted hydrogen gas, 
by the action of water on phosphide of calcium (i. 719) : 

flPCa + 6H-0 « 6CaO + 5PH 3 (P. Th^nard), 

Bad may be separated bypassing the gas through a U-tube cooled by a freezing mixture. 

Into the middle tubulure of a three-necked Woulfe's bottle, holding about a pint, is 
inserted a gloss tube 12 inches long and half an inch wide, so as to reach nearly to the 
bottom. To the second tubulure is adapted a tube twice bent at right angles ; this 
tube dips into water and serves for a safety-tube. Into the third is fitted a U-tube of 
£ inch diameter, immersed to tho depth of 5 or 6 inches in a freezing mixture. The part 
which projects above the freezing mixture is bent at a not very acute angle, and drawn 
out at two points not far from each other and near the end, so that, at the conclusion of the 
operation, the liquid maybe introduced into the intermediate part of the tube, and the 
parts which have been drawn out closed by the blowpipe. The apparatus being thus 
arranged, the bottle is three parts filled with water and placed in a water-bath heated 
to between 60° and 70° ; the last-mentioned tube is closed ; and a few drops of phos- 
phide of calcium are thrown through the middle one into the bottle. The gas evolved 
takes fire, and drives out the air through tho safety- tube. The U-tube is now to bo 
opened, and from 400 to 600 grains of phosphide of calcium gradually introduced into 
the bottle: in a few minutes, oily drops of liquid are seen to collect in the part of the 
tube nearest to the bottle. The process must be stopped after 16 or 20 minutes, 
because water condenses in the tube, together with the phosphide of hydrogon, And 
often stops it. The tube is now to be sealed at the narrowed neck nearest to its 
extremity, then removed from the bottle, and held by the finger (covered with 
caoutchouc to save tho operator from being burnt) in such a position that any 
remaining gas may escape ; it is then warmed by the hand to cause the portions of 
liquid which havo been separated by particles of ice to run together, and again placed 
in the freezing mixture to solidify tho water, and prevent it running back. This being 
effected, the liquid is made to flow towards the sealed end of the tube, and the other 
neck of the tube is closed by the blow-pipe. A well-conducted operation yields about 
30 grains of liquid. 

Liquid phosphide of hydrogen is colourless Rnd does not solidify at —20° ; at. 30° or 
40°, it appears to volatilise and to bo decomposed at the same time ; refracts light 
strongly. It is insolublo in water. Alcohol and oil of turpentine appear to dissolve 
it, but it quickly decomposes in the solution. It burns spontaneously in the air, with 
an intensely bright white flame, and produces dense white fumes. It communicates 
spontaneous inflammability to 600 times its weight of phosphoretted hydrogen gas. 

All combustible gases are rendered spontaneously inflammable by admixture with liquid 
phosphide of hydrogen. 

By tho action of light it is resolved into solid and gaseous phosphide of hydrogen, 
6PH* «=* P*H + 3PH*. It is also decomposed, liko peroxide of hydrogen, by contact 
with various substances. An indefinite quantity of liquid phosphide of hydrogen may 
be decomposed by a cubic centimetre of hydrochloric acid gas. 

Solid Phosphide of Hydrogen. P*H?— When spontaneously inflammable 
phosphoretted hydrogen is exposed to sunshine, a solid yellowish compound is de- 
posited on the sides of the glass, the gaR at the same time losing its property of spon- 
taneous inflammability (Leverrier, Ann. Ch. Pliys. lx. 176). The same solid com- 
pound is obtained in larger quantity by treating liquid phosphide of hydrogen with 
hydrochloric acid, or by dissolving phosphide of calcium in strong hydrochloric acid, 
the liquid phosphide being then resolved into the solid and gaseous .phosphides (see 
above). Hence spontaneously inflammable phosphoretted hydrogens passed through 
aqueous hydrochloric acid loses its spontaneous inflammability and jffsgds a deposit of 
solid phosphide. Cd 

This compound is insoluble in water and in alcohol. It dissolves 'in warm potash, 
with liberation of non-spontaneously inflammable phosphoretted hydrogen. It bikes 
fire at about 160°. (P. Th^nard, loc. cit.) 

STDROOZir, BBLBNXBB OB'- H*Sc. Sdcnhydric or Hydrvsdcnic add. 
Belenittted Hydrogen . — A guseous compound analogous to sulpbydric acid, produced 
by the action of dilute hydrochloric or sulphuric acid on selenide of potassium, iron, or 
other metals. It is colourless and inflammable, soluble in water, and cannot long be 
preserved over mercury. It has a most offensive, acrid odour, impairing or even de- 
stroying the sense of smell fur several hours, and producing inflammation of the eyes. Its 
aqueous solution absorbs oxygen from the air, and deposits selenium. It has a hepatic 
taste, a slight acid reaction, and gives with the solutions of most metals, precipitates 
consisting of metallic selcnidea, those of manganese, zinc, and cerium being flesh- 
coloured, the remainder brown or black. (Berzelius.) 
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s* 

ITBBOMVi ItTLPHXDBB OF. Sulphur unites with hydrogen in tw o p ropor* 
tionSi forming the protosulphide, IPS ; and the persulphide, probably HS or IPS 1 . 

frotonlphlde of Hydrogen* IPS. Sulphydric add . Hydrosulp huric add, 
Hydrothionic acid . Sulphuretted hydrogen . —This compound may be formed in small 
quantity by burning sulphur-vapour in hydrogen gas, or hydrogen gas in sulphur- 
vapour, precisely as its analogue, water, is produced under similar circumstances from 
oxygen and hydrogen. 

The gas is ordinarily prepared by the action of an acid— sulphuric or hydrochloric 
for instance — upon a metallic sulphide, usually that of iron or antimony. Dilute sul- 
phuric acid acts readily upon sulphide of iron, producing, even in tho cold, a rapid 
effervescence of sulphydric acid : 

FeS + H*SO « - IPS + FeSO 4 . 

Inasmuch as sulphide of iron is an artificial product, nearly always containing an 
excess of metallic iron in admixture, the sulphydric acid obtained from it is generally 
contaminated with free hydrogen ; but the native crystalline trisulphido of antimony, 
being a normal sulphide, when acted upon by boiling hydrochloric acid, yields the gas 
in question in a very pure state, thus : 

Sb*S* + 6HC1 = 3 IPS + 2SbCl*. 

The sulphydric acid obtained from either of these sources may be passed through a 
small quantity of water to wash it, and over chloride of calcium to render it dry. It 
may be collected in the gaseous state over mercury, or absorbed at once into water, in 
which it is very soluble. 

Sulphydric acid, more frequently sulphydrato of ammonia, results from tho sponta- 
neous decomposition of sulphuretted organic compounds ; also from treating non- 
sulphurettod organic compounds with sulphur. Keinsch recommends a laboratory 
process for obtaining pure sulphydric acid, by heating in a glass flask a mixture of 
equal parts of sulphur and suot. 

Sulphydric acid occurs naturally, and is not unfroqucntly evolved from fumarolesand 
volcanoes. It exists to a considerable extent in certain mineral waters known as hepatio 
waters, those of Harrogate, for instance. It is also produced spontaneously in many 
waters charged with organic matter and sulphates, usually sulphate of calcium. 

Properties, — At ordinary temperatures and pressures, sulphydric acid is gaseous. It 
may bo obtained in the liquid state by generating it in one limb of a sealed tube, from 
sulphuric acid and sulphide of iron freed from metallic iron, and condensing it iu tho 
other limb, which should be immersed in a freezing mixture, that of ice and salt being 
sufficient for the purpose ; or liquid persulphide of hydrogen may be gently heated in 
one limb of a bent sealed tube, when it breaks up into sulphur, which remains, and 
sulphydric acid, which may be condensed in the other limb kept cool for tho purpose. 
Uy the powerful refrigeration resulting from the evaporation in vacuo of a mixture of 
solid carbonic anhydride and ether, it may bo solidified. Solid sulphydric acid, or 
sulphur-ice, is a white transparent mass which melts at —85*5°. Liquid sulphydric 
acid is a colourless transparent fluid, remarkable for its extremo thinness or mobility. 
Its specific gravity is 0*9 compared with that of water as 1. Sulphydric acid gas is 
transparent and colourless. Its density is somewhat greater than that of atmospheric 
air, being 1*1781 referred to air, or 17 referred to hydrogen, as unity. It is characterised 
by an offensive odour resembling that of rotten eggs, the smell of which indeed is due 
to the evolution of this gas, or of its compound with ammonia. In tho concentrated 
state it cannot be breathed with impunity, and even when much diluted it frequently 
gives rise to nausea and vertigo. An atmosphere containing T \j per cent, of this gas 
proves fatal to the lower animals. 

Sulphydric acid is readily inflammable. It burns with a bluish flame, forming sul- 
phurous acid, and frequently deposits free sulphur from tho imperfect access of 
oxygen. Most metals when heated in the gas absorb the sulphur ami leave the hydro- 
gen. Cadmium or tin is generally used for the purpose : Co* + IPS ■» Cd 2 S + H*. 
The bulk of the resulting hydrogen is equal to that of the original sulphydric acid ; or, 
in other words, two volumes of sulphydric acid, IPS, when acted on by metal, leave 
two volumes of hydrogen. Sulphydric acid in the gaseous state, or dissolved in water, 
is decomposed by chlorine, bromine, and iodine, with liberation of sulphur and forma- 
tion of hydrochloric, hydrobromic, and hydriodic acids respectively. In a similar 
manner it is decomposed, with liberation of sulphur, by nearly all oxidising agents; 
»nd even sulphurous acid, which usually acts as a deoxygenant by absorbing oxygen, 
octe in this case as an oxygon ant by affording oxygen : 

2H a 3 + SO* - 2H 2 0 + 8* 

In some cases, however, a peculiar sulphur-acid, the pentathionic, Is formed in addi- 
tion, thus : 

AH*S + 6SO* - 4H*0 + IPS’O* + S*. 
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A saturated aqueous solution of sulphydric acid contains about three times its volume 
of the gas. It is a clear colourless liquid, having a slight acid reaction, and the smell 
and taste of the gas. It is gradually decomposed by exposure to air, its hydrogen 
being oxidised into water and its sulphur set free. Sulphydric acid when burnt yields 
sulphurous acid, as we have seen ; but moist sulphydric acid, mixed with air or 
oxygen, and exposed to a moderately warm temperature, from 40° to 90°, is converted 
into sulphuric acid. 

Sulphydric acid, like water, is capable of giving up the half or the whole of its hy- 
drogen in exchange for a metal, the resulting compound being a sulphydrate or a sul- 
phide, according as 1 or 2 at. H are thus replaced ; e, g. sulphydrate of barium, BaHS ; 
sulphide of barium , Ba J S. It is only the alkali-metals and alkaline-earth-metals that 
appear to be capable of forming definite sulphydrates, all of which are soluble in 
water and crystallisable. The heavy metals form insoluble sulphides, which may be 
derived from a single or a multiple moleculeof sulphydric acid, just as the correspond- 
ing oxides are derived from a single or multiple molecule of water: e. g. sulphide of 
silver , Ag*S; mercuric sulphide , Hg 2 S or Ilhg'S; trisulphide of antimony, Sb 2 S*, &c. 
(See Sulphides and Sulphydrates.) 

The sulphides of the heavy metals are precipitated from solution of metallic salts by 
sulphydric acid or an alkaline sulphide or sulphydrate : 

CuSO 4 + IPS - IPSO 4 + CuS. 

2SbCl* + 3 IPS = 6HC1 + Sb s S*. 

FeSO 4 + NH\H.S = NHUI.SO 4 + FeS. 

Some metals are precipitated in this manner from their acidified solutions by sulphydric 
acid gas or its aqueous solution ; others only from neutral or nearly neutral solutions, by 
an alkaline sulphide or sulphydrate, in some eases as sulphides (nickel, cobalt, manga- 
nese, zinc, uranium), in others as hydrates (chromium, and the metals of the earths 
proper) ; and and lastly, there are some metals, namely thoso of the alkalis and alkalino 
earths, which are not precipitated either by sulphydric acid or an alkaline sulphydrate. 

On these reactions is founded a division of the metals into groups, which forms the 
basis of tho mode of separating them usually adopted in analysis. (Sec Analysis, Inou- 
oanic, i. 217.) 

Sulphydric acid is recognised by the black discoloration it produces on paper 
moistened with solutions of lead or bismuth, and by the black tarnish it gives to silver- 
foil. 

Persulphide of Hydrogen. IPS 2 ? — This compound seems to be the sulphur- 
representative of peroxide of hydrogen, which it much resembles in its properties. It 
is made by gradually adding tho solution of a persulphide of alkaline earth- or alkali- 
metal to an excess of hydrochloric acid diluted with twice its bulk of water: 

CaS* + 2IIC1 = CaCl* + IPS- + S 3 . 

The persulphide of hydrogen is formed without any evolution of gas, and separates as 
a yellowish oily fluid,- heavier tlmn water. It has the property of dissolving sulphur 
to a considerable extent, owing to which circumstance its composition has not been 
satisfactorily established. Persulphide of hydrogen has a peculiar, sulphurous, disagree- 
able odour. It produces superficial white eschars on the skin and mouth. It is 
insoluble in water, but soluble in ether, forming a solution which soon decomposes and 
deposits crystals of sulphur. It is readily inflammable, and burns with u blue flame. 

It is possessed of bleaching properties analogous to those of peroxide of hydrogen. 

Persulphide of hydrogen is a very unstable substance, and, especially at increased 
temperatures, undergoes spontaneous decomposition into sulphydric acid and sulphur. 

By effecting this decomposition in a soaled tube, liquid sulphydric acid mqy be obtained 
(p. 203).^ The stability of the persulphide is increased by the presence of moderately 
Btrong acids. Alkulis, on the other hand, promote its decom posit ion^JHence if, in its 
preparation, tho hydrochloric acid be added to the alkaline peraulphijBS instead of tho 
persulphide to the acid, no persulphide of hydrogen, but only sulphyarlc acid and sul- 
phur will be obtained. Under the influence of catalytic agents, such as finely-divided 
P"^ 1I \ um » g°Jd, iridium, and charcoal, which effect the similar decomposition of peroxide 
of hydrogen into oxygen and waiter, persulphide of hydrogen undergoes an instantaineous 
decomposition into sulphur and sulphydric aicid. It reduces peroxide of manganese 
and the oxides of silver and gold, the last t wo with great violence, and frequently even 
with ignition. ( Odiing' s Manual of Chemistry . ) 

HTBEOOBH, TElLUltlDE OP. H*Te. T< llurhydric or HydroUlluric acid. 
TcUurctted hydrogen. -This compound is evolved as a gas, when certain metallic tellu- 
ndes, the tclluride of zinc being generally used, are treated with hydrochloric acid : 

ZuTe + 2HC1 = H*To + ZnCl* 

It. closely resembles its analogues, sulphydric and selenhydric acids, smells very much 
like the iormcr, burns with a blue flame, ha* a .slight acid reaction, and dissolves in 
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water, toning a colourless liquid which deposits tellurium when exposed to the air* 
It precipitate;- most metals from their solutions in the .form of t ellurides (y, t».) 

BTBBOBAUm A native hydrated chloride of sodium, NaC1.2H*0. (Bans, 
iL 506.) 

HTBROXLXVONB. See Hydroquinonr. f 

BTBKO&8IC AGIO. See Oleic acid. 

HTBBO&XTBi Syn. with Gmblinitb (ii. 924). 

HYMt OMAOlfBfllTB. Hydrated carbonate of magnesium, 4Mg0.3C0*.4H t 0 
« 3(MgC0*.H 2 0).MgH 2 0* or 3(MgH 2 <X) , ).MgH 2 0».--It occurs natiro in small mono- 
clinic crystals, usually acicular or bloded and tufted, also amorphous or as a chalky 
crust. Specific gravity *» 2’ 145. Hardness of crystals =* 3‘5. Lustre vitreous to 
silky or sub-pearly ; also earthy. Colour and streak white. It is found in serpentine 
at Hrubschitz in Moravia ; near Kumi in Negroponto ; at Iloboken, New Jersey, and 
other localities in North America (Dana, ii. 457). A specimen from Texas , Lancaster 
county, Pennsylvania, analysed by Smi th and Brush (Sill. Am. J. (2J xv. 207), gave 
36 00 per cent. CO 2 , 43 96 MgO, 19’68 water, and 0 36 silica. Artificially propared 
hy.droearbonate of magnesium has sometimes the same composition. 
HTBROMAOXYOCilJbCXTS. Syn. with Hydrodolomitb. 
BTDROMAXOAKZO and HYDROMAROARITIO AGIOS. Acids of 
doubtful constitution, which Fr^my obtained by treating olive-oil with strong sulphuric 
acid. (See Mabgaric acid and Palmitic acid.) 

HYDROM11LONS. See Mellonb. 

BTOROMITER (65 cop, water; yirpav, measure). Gravimeter , Pese-liqueur ; on 
the Continent, most commonly called the Areometer (dpai&s rare, subtle). An instru- 
ment which, on being placed in a liquid, shows its specific gravity, either by direct 
inspection, or by simple adjustment and calculation. 

Its action depends on the simple principle of hydrostatics, that a floating body must 
displace its own weight of liquid. The truth of this principle is seen if we consider 
that any part of a mass of liquid at rost must be supported by the pressure of the 
surrounding liquid, and will certainly continue to be supported, so long us it has tho 
sume weight and volume : hence it may bo conceived to become solid without altering 
the conditions of equilibrium. Now weight is mere downward pressure, and the solid 
immersed in a liquid need not weigh so much as an equal volume of liquid, provided 
that the difference is exactly made up by downward pressure, or weight communicated 
from another part of tho solid, above the surface of the liquid. 

Thus, in fig. 567, suppose the solid AH to have tho same weight as a volume of 
water equal to the volume of the part AC. When placed in water, tho solid will sink 
up to the point C: for the upward pressure of the water, which 
usually supports a volume of water equal to AC, will then bo exactly 
sufficient to support the weight of the solid AB. If we now place AB 
in a liquid of less specific gravity, the weight of AB will bo greater 
than the weight of the volume ACof the liquid, and equal, for instance, 
to the weight of the volume AC,. Then by similar reasoning, AB 
will sink into this lighter liquid up to the point C,. Again, if AB 
sink in a third liquid only up to the point C a , it is obvious as before, 
that the volume of liquid AC a is equal in weight to the solid AB. 

Now the specific gravities of bodies are, by definition, in the propor- 
tion of the weights of equal volumes of the bodies, or, which is the 
same, in the inverse proportion of the volumes of equal weights. In 
other words, the specific gravity is less, as it requires a larger volume 
to make a given weight. Now the volumes AC, AC,, AC V of the 
respective liquids are all of one weight, that of the solid AB : henco 
the specific gravities have the inverse proportion of AC, AC,, AC a , 
or if we assume the first (water) to have the specific gravity TOO, the 

specific gravities of the others are • 

The hydrometers commonly used do not differ from the solid body 
AB above described, except that the part which meets and cuts tho 
surface of the liquid is usually of very narrow section, in order that 
slight differences in the density of the liquid may cause the hydro- 
meter to rise or sink through a considerable space. The form of those 
P ar ta of the hydrometer below the liquid has no effect upon the accuracy of the result, 
but for convenience the lower parts are usually much expanded, in order that they may 
be proportionally shorter. Several different forms of the hydrometer are shown in 
A0*. 658,669, 660. The hydrometer in fig. 65 8 would indicate specific gravities differing 
through a considerable range, but without much accuracy. It is accompanied by a tub© 
TB, which holds the liquid under examination. That m fig. 569, on the contrary, hal 
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& very slender stem (SM), and would indicate with great accuracy any specific gravities 
within a certain narrow range.. Hydrometers are usually made of light glass tubes 
and bulbs blown, in a single piece. The chief part of the weight is given by small shots 
or mercury/ carefully adjusted so that the instrument shall sink to a convenient 
depth aar tne required liquids, and then sealed up in a small bulb at the lowermost 
extremity. In other cases, the hydrometer is made of thin gilt brass or silver, as in 
jig. 560, but the weight is still placed below, in order that the instrument may float 
upright and stiffly. 


Fig. 558. Fig. 559. Fig. 560, 
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Fig. 661. 



Graduation. — We have yet to consider 
the nature of the graduation on the stem 
of any hydrometer which is to give by in- 
spection tho spocific gravity of the. liquid 
in which it floats. Keverting to Jig. 557, 
let the distance AC to which the hydro- 
meter sinks bo. successively x 0 , x 1% &c. 

when AB stands in liquids of the densities 
Po> Pi, Pa, & c - 

Then £ - -5 _ ?D, & c . 0 f these 

, , a o Pi *0 P 9 

quantities let p 0 be the density of distilled 
water at the temperature 62° F., which we 
assume as 1*00; call the corresponding 
length x 0 , tho unit of length. Then 

■* ■ &c., and .zq — ,r a = i- ~ A. 

Pi Pa px p 2 

Thus we see that equal differences of spe- 
cific gravity are indicated, not by any equal 
intervals on the scale, but by the differences 
of the reciprocals of those specific gravities, 
or by quantities proportional to them. The 
ecale which must then be employed is to be 

^?AB d I /^ y 5 C 6^? Ulftti0n, ftnd ita character “ 8hown with some accuracy in the divided 

in .Y”!i reCan - ,lyi i ndeed ', ■I * 8 ? ^nstomary to graduate the stem of every hydrometer 
d r d r "bitrarily^choseu. end the indication^ wie eith« 
,b ?. 1 to specific gravity at alJ, or the corresponding 

V*?.«Klft Tlty ascertained by calculation or inference to a table. It isobvtomJy 

«-“■* — «■ - -*• 

. A yodt.of.gradaatmg hydrometers with accuracy, as practised by Mr. Ackland, is 
X&giSSL? the J “ rore ° f the ****** 1851 (p. 25). It r— *- 


oo 
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1. Ascertaining the exact position of three or more points of the scale, according as 
the stem of the hydrometer is more or less truly cylindrical 

2. Dividing with great accuracy a scale on boxwood, to show the specific gravities 

required to be indicated by the hydrometer. 4 / 

3. Making a reduced copy of the boxwood scale, so as to form a scale, the {feints of 
which shall correspond with the ascertained points on the hydrometer-tube. The 
scale so formed on paper is ready to be engraved on the hydrometer. 

For example, suppose it be required for a hydrometer to show specific gravities from 
l OOto 0700. A bulb is chosen with a stem as uniform as possible, and three points — 
for instance, 700, *850, and 1*000— are ascertained as follows : Load the hydrometer till 
it sinks in distilled water of the temperature 62° to some marked point convenient for 
the degree 1*00; let the weight of the instrument then be x. To ascertain the point 

1*00 x x 

of the degree *85, alter the weight of the hydrometer until it is - — — - * and placing 

1*00 xx- 

it in water, mark where it is cut by the surface. I^istly, alter the weight to — ^ — , 

and mark the point as before, which will correspond with the Bpocifie gravity *700. Tho 
original weight x of the hydrometer may then be restored and the tube scaled. This 
method, requiring the use of no liquid hut water, is very convenient, and was 
suggested to Mr. Ackland by Dr. Clarke of Aberdeen. 

The remainder of Mr. Aekland's processes are performed by calculating the reciprocals 
of tho specific gravities required, forming them into a scale, and then reducing this 
scale ana transferring it to the glass tube by a dividing engine of peculiar and ingenious 
construction. 

We have formed the following table of the reciprocals, and their differences. Inter- 
mediate degrees can easily bo interpolated when necessary. 


Specific 

gravity. 

Reciprocal. 

Difference of 
Reciprocals. 

Specific 

gravity. 

Reciprocal. 

2-00 

•500 

♦013 

•013 

•015 

015 

•015 

•017 

•018 

•019 

•020 

*022 

•023 

•024 

•027 

•028 

•031 

1*26 

•800 

1-95 

•513 

1*20 

•833 

1-90 

•526 

115 

*870 

1-85 

•541 

110 

•900 

1-80 

•556 

1'06 

•952 

1 75 

•571 

1*00 

1*000 

170 

■588 

•95 

1 053 

1-66 

•G06 

•90 

1111 

1-60 

*625 

■85 

1170 

1-55 

•646 

■80 

1-260 

150 

•667 

75 

1-333 

145 

•690 

70 

1-429 

1*40 

714 

•65 

1-538 

1*36 

741 

•60 

1-667 

1*30 

769 

•55 

1-818 



•50 

2000 


Difference of 
lledpiocah. 


*033 

*037 

•030 

•043 

*048 

*063 

•068 

*0(16 

*074 

*083 

*000 

*109 

*129 

•161 

•182 


We shall now describe a graphical method which the chemist can easily use as a 
substitute for Mr. Aekland’s dividing engine, so us to graduate his own hydrometers 
with accuracy. Draw a line AB (Jig. 661) on a sheet of good paper, and lay off upon it, 
with exactness, as many of the reciprocal numbers or differences, given in the table, as 
are likely to be required within the range of the hydrometers to be graduated : this 
may easily be done with the aid of a decimal or diagonal scale and a pair of compasses. 
The absolute size of this scale is of no importance, except that the larger it is the more 
accurate will the result probably be. 

Now suppose the points on a hydrometer have been determined for the specific 
gravities 700, 1*00 and 1*30. Draw a line exactly parallel to AB, and measure off 
distances PQ, QR, equal to the absolute distances of the points on the hydrometric stem, 
placing the points P,Q,R ( as nearly as possible opposite the specific gravities 700, 1*00, 
P30, on the scale AB. Draw lines through P and the degree *70, and through Q and 
the degree P00. If these lines never meet, the scale on PQ will be identical with that 
on AB. But suppose they meet in S : draw lines through S and the several degrees 
on AB between 70 and 1*00. Then the intersections of these lines and PQ give the 
required points for the scale PQ. Next draw a line through R and the degree 1*3. If 
this also pass through the point S it will indicate that the sterfj of the hydrometer is 
perfectly uniform. But wherever S', the point of intersection of Q — 1'00 and R— 1*30 
m *y "®» draw lines frera S', through the degrees of AB, giving by their intersection 
* j * QR the required points of graduation. 

if necessary, other points besides P, Q, R, might, for the sake of accuracy, be 
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determined on the stem of the hydrometer, and the graduation eould stall be performed, 
with but little extra trouble, from many successive points of intersection* * 

The hydrometer scale, when once obtained on paper, can be transferred to the glass 
stem of the instrument by the usual process of etching with hydrofluoric acid. The 
glass must be covered with bees’- wax, and firmly fixed, at a proper distance, in' the 
Slftme straight line with the divided scale, the degrees of which may then be easily and 
accurately transferred by a beam -compass. For fuller directions on the method of 
graduating glass tubes, tne reader must consult Bunsen’s Gasometry (p. 26), also the 
article Analysis op Gases in this Dictionary (i. 269). Were it desired often to 
.graduate hydrometers, it would be best to engrave the scale AJB (Jiff. 661) upon a 
glass plate, together with converging lines drawn through the degrees, and then to use 
it as Bunsen describes. 

The smaller intervals of a hydrometer scale may always be subdivided into equal 
parts by estimation, or otherwise, without appreciable error. 

' The delicacy of the hydrometer may always be increased to an indefinite extent by 
lessening the diameter of the stem ; but in the same proportion it becomes more limited 
in range, and troublesome to use. The adhesion of air-bubbles is a great source of 
discrepancy, especially in the metal instruments, and for this reason all hydrometers 
should be made with as smooth and small a surface as possible. 

Again, the attraction of the glass or metal stem for the water causes the surface of 
water to rise up against the stem in a parabolic curve. This phenomenon alone, by 
preventing us from getting an exact reading, is almost enough to condomn the hydro- 
meter as a standard instrument of measurement. Fortunately the hydrostatic balance 
and the specific gravity bottle are means of determining specific gravities with 
unlimited accuracy and considerable ease. The hydrometer takes a subordinate rank, 
and is chiefly employed in approximately determining the strength of solutions or 
mixtures of liquids. It often effects a wonderful saving of time or trouble, and any 
person frequently occupied with liquids of a variable strength or composition should 
nave hydrometers suitably constructed in range and delicacy for testing them. To 
treat the instrument as suitable for exact scientific measurement, and to investigate and 
determine corrections for every little error which might arise, would be a mistake. 
We accordingly proceed to describe various well-known forms of the hydrometer, which 
are extensively used for practical purposes. 

Sykes’ Hydrometer is of importance because, by Act of Parliament (58 Geo. III. 
c. 28 ; see also 3 & 4 Will. IV. c. 52 § 123) it is employed in the collection of the ex- 
cise revenue of the United Kingdom levied upon spirituous liquors, 
of which of course the strength must be determined. It is made of 
brass (Jiff. 562) with a spherical bulb A, inch in diameter, a weight 
(B) to sink it and maintain it upright in the liquor, and a flat uni- 
form stem C, 3£ inches long, divided into ten parts, each of which is 
again divided info two parts. A series of nine weights of the form D 
accompany the instrument, having the proportions 10, 20, 30, . . . 
90. These weights are placed in succession at E, until the instru- 
ment is found to sink in the liquor up to some point of the divided 
scale. The numerical reading of the scale at the point where it is 
cut by the surface of the liquor, added to the number on tho weight 
employed, gives the required result. But the temperatur© of tho 
liquor must also be observed, and the proportion of spirit it contains 
ascertained by a table in which tho variables are the degrees of the 
hydrometer and thermometer. 

O The supernumerary weight F may be placed on the summit of tho 
stem, and then causes the hydrometer, loade^ysith the circular 
weight 60, to sink to the same point in pure waMt to wluch it would 
otherwise sink in proof spirits. Concerning . ffie determination of 
n the proportion of alcohol contained in a mixture with water, see 
Aj.coholombthy (i. 81). 

Jones’ Hydrometer is an improvement on that of Sykes. It is ac- 
companied by three detached weights, so that, according as these are 
used or not, the hydrometer may have four different degrees of weight 
Corresponding to these are four separate scales on tne sides of the 
stem, which is made square for the purpose. A thermometer, also with four different 
scales, is included in the lower part of the instrument, and the whole is so contrived 
that the number of gallons in the 100 under or over proof may be read off 

’Hie following formal® apply to any hydrometer, as for instance Sykes’ or Jones’, in 
which weights are added below the liquid. 

Let «o -» weight of hydrometer. 

v mm volume of hydrometer up to the bottom of the scale, 
fa ■» area of section of stem (supposed uniform). 


Fig . 562. 
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In liquid A let the hydrometer loaded with the weight w x sink to the degree «. 
(measured in Jnch; from the bottom of scale), and in liquid B, when loaded with i« at 
let it sink to * t . Also let v x m volume of weight w x . 

*1 ■" >♦ W ft . 


Then the volume of A displaced is V + tq + x x ,m. 

„ B M V + t> 9 + x % .m. 

The weight of the volume of A displaced is W 
.. n B „ W 

W+w x 


*i. 

ttV 


Then + v x + x x .m) and (V + v a + x a ,m) 
weights of A and B. And we have 
specific gravity of A ( ^ 
specific gravity of B 


+ x. J .fn)(W r + w x ) 


are the volumes of equal 
Fig. 663. 

n 


(V + v x + x l .?n)( fV + w a y 

Hydrometers could easily he constructed in which weights might be 
added above the surface of the liquid, so that the volume of the lower 
parts of the instrument should not be altered. The above formula would 
then apply, after omission of v x and v a . A hydrometer of this kind, 
giving any specific gravity from *6 to 2 0, was shown in the Exhibi- 
tion of 1851. (Jury Reports, p. 296.) 

Baam^'s Hydrometer is extensively employed on the Continent, and 
was originally described by Baum6 in his El e mens de Pharmacie , p. -166. 

Separate instruments are usually constructed for liquids heavier and 
lighter than water, although it is obvious that this is not necessary. 

For liquids heavier than water, the graduation is as on the right- 
hand side of Jig. 663, and is determined by marking as 0 the point 
to which the hydrometer sinks in pure water, and as 15 the point to 
which it sinks in a solution of 16 pts. by weight of salt in 85 pts. of 
water. The interval is divided into 15 equal parts, and a scale of 
similar equal parts is extended as far as desirable. 

For liquids lighter than water, the graduation is as on the left-hand 
side of Jig. 663. The degree 10 is now determined by pure water, while 
tho degree 0 is the point to which the hydrometer sinks in a solution 
of 10 pts. of salt in 90 pts. of water. The interval is divided into 
10 equal parts, and the scale is extended as in tho former caset 

The degrees of Baum6’s hydrometers being entirely arbitrary, the 
following tables must be used to ascertain from their indications the specific gravities 
of liquids with respect to water as the standard : 



Comparison of the Degrees of Baum6’s Hydrometer with the real Specific Gravities 
of liquids heavier than water . 


Ueirew. 

Specific 

gravity. 

Degree*. 

Specific 

gravity. 

Degree*. 

Specific 

gravity. 

Degree*. 

Specific 

gravity. 

0 


20 

1-152 


1-345 

68 

1 617 

1 


21 

1-160 


■lil 

69 

1-634 

2 

1’013 

22 

M69 


■i 9 

60 

1-662 

3 


23 

1178 


Is? :m 

61 

3KE&W 

4 

1027 

24 

1-188 


II 1 

62 

1-689 

6 

1*034 

25 

M97 


1 407 

63 

1-708 

6 

1-041 

26 

1-206 


1421 

64 

1*727 

7 

1*048 

27 

1-216 

46 

1-434 

65 

1-747 

8 

1066 

28 

1-226 

47 

1*448 

66 

1767 

9 

1063 

29 

1-236 

48 

1 462 


1788 

10 


30 

1*246 

49 

1 476 

68 

1BEEBI 

11 

1-078 

31 

1266 

50 

1-490 

69 

1-881 

12 

1-086 

32 

1-267 

51 

1-606 


1-864 

13 

1094 

33 

1-277 

62 

1-520 

71 

1-877 

14 

1-101 

34 

1-288 

53 

1-635 

72 

1-000 

15 

1109 

35 

1-299 

54 

1*651 

73 

1-924 

16 

1118 

36 

1-310 

55 

1 667 

74 

1*949 

17 

1*126 

37 

1-322 

56 

1 683 

76 

1*74 

18 

19 

1134 

1143 

38 

1-333 1 

67 

1600 

76 

mi 


VoTiil p 
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Buumi’s Hydrometer for liquids lighter than water. 


« »—• « 


Degree*, *■£ 



36 

*849 

37 

*844 

38 

*839 

39 

•834 

40 

•830 

41 

•825 

42 

•820 

43 

•816 

44 

•811 

45 

•807 

46 

•802 

47 

*798 

48 

*794 


Cartier s Hydrometer iy sometimes used on the Continent. The degree of its scale 
22 coincides with the degree 22 of Baum6, but above and below this point, the degrees of 
Baum6 are diminished in the ratio of 16 to 15. This hydrometer is only constructed 
for liquids lighter than water, and any who may require it can easily reduce its readings 
to those of Baum 6, and mako use of the table already given for Baum^’s hydrometer. 

Beck’s Hydrometer has a scale of which 0 corresponds to the specific gravity 100, 
and 30 to that of *850, and the scale is extended in equal parts above or below 0, as 
far as desirable. The following tables are necessary : 

Table for converting degrees of Beck’s Hydrometer into real Specific Gravities . 


Specific gravity. 


Specific gravity. 


Specific gravity. 


? Greater I Le«s than 
Q than 1*000.1 1000. 


I Greater Less than 
than 1*000. 1*000. 


I Greater I Less than 
than 1-000. 1 000. 


T Waddell's Hydrometer is often used in England for testing liquids denser than 
water. It is graduated in such a manner that the reading, or number of degree^ 
multiplied by 6 and added to 1000, gives the specific gravity with reference to water 
us 1000. Thus, 

10° Twaddell indicates the specific gravity 1050 or 1 050, 

90° „ 1450 or 1*450. 

(K. Dingier, Polytoch. Jour. Ixii. 329.) 







HYDROMETER. 


Depareieux’s Hydrometer is an instrument with a large bulb and my narrow st em, 
used for determining the specific gravity of water from various springs or other 
sources. (Prony’s Architecture Hydraulique, tom. L § 614-627.) 

The Marine Hydrometer is adapted to taking the specific gravity of sea-water. la 
fig. 561 is shown an accurate instrument of this kind made of gilt brass, the flat ettifo 
of which is divided into 40 parte, from 3 or more points experimentally deterra inenT 
Each degree corresponds to a point in the third place of decimals ; thus the degree 27 
represents the specific gravity 1*027, and Hie whole range of the instrument is accord- 
ingly from 1*000 to 1*040. 

The hydrometers supplied by Government to the navy and mercantile shipping arc 
slender glass instruments, but their accuracy is secured by comparison and determi- 
nation of the error, if any, just as in the case of barometers and thermometers. They 
are employed in daily or hourly observations on the water of the ocean. 

The Lactometer is a hydrometer closely resembling Sykes’ hydrometer, but adapted by 
Picas of Liverpool for determining the quality of milk. By means of a series of eight 
weights, the scale has a range of 80 degrees, and a thermometer and an ivory sliding- 
rnle accompany the instrument in order that the milk may be tested at any tempe- 
rature, and the result reduced to the standard temperature of 55° without calculation 
{lirewste-d 8 Edinburgh Ct/ckguedta, or Agric. Survey of Lancashire). This instrument 
must not be confused with the other lactometer first described by Sir Joseph Banks 
( Branded Journal , iii. pp. 393-4), and consisting of a simple graduated test-tube, in 
which the new milk is allowed to stand, until the cream rises to the top and its pro- 
portional amount may be directly measured off! 

Wilson’s Beads consist of a series of little balloon-shaped glass bubbles, adjusted to 
certain degrees of specific gravity. When a number of them are thrown into a liquid, 
those which are of greater specific gravity than the liquid sink into it, those which are 
of less specific gravity float, while only the single bead which corresponds in specific 
gravity with the liquid remains indifferently in any part of the liquid, or at least 
sinks or rises very* slowly. Upon each bead is engraved the specific gravity which 
it indicates. These useful little instruments were much improved and patented by 
Mrs. Lori. 


Fahrenheit’s Hydrometer differs somewhat from and is even simpler than thooom- 
non hydrometer. In place of a scale, it has only a single mark on the stem, hut at tho 

. .. , e .i... n i . ... i • i. T.i , 


Fig. 564. 


top of the stem is a small scale-pan on which weights arc to be 
placed until the hydrometer sinks up to tho mark in the liquid 
which is being tested. By this means we measure the weight 
<«f a constant volume of the liquid displaced : for this weight, by 
the principles of hydrostatics, is equal to tho whole weight of 
tin- loaded hydrometer supported by tho liquid. Hence tho 
ratio of this weight for any given liquid to the -weight for 
pure water at 62° F., is the specific gravity required. 

This hydrometer would admit of more accurate results than 
the common instrument, but would be inconvenient in common 
use. 

N ich olson’ s Hydrometer {fig. 564), invented by the author 
of the “Chemical Dictionary,” is an ingenious modification of 
Fahrenheit’s hydrometer, by which it is rendered capable of de- 
termining specific gravities of solid bodies as well as of liquids. 

It has a Hingle mark on the stem, and bears three scale-pans, 
one at the summit of the stem, above the surface of the 
liquid, und the other two, one of which is concave down- 
wards, at the lower extremity of the instrument. When 
is placed in water, the air must be allowed to escape from 
this lowest scale-pan. . . 

j n liking the specific grarities of liquids, this hydrometer is identical with that of 
Fahrenheit, The weight of the instrument is generally adjusted from the first so that 
1,000 grains placed in the upper dish will cause it to sink in pure water, at 62° F., up 
to the mark on the stem. L^t the weight, however, required for this purpose, wlmt- 
\Vk“ **- ma y amount to, be called w lt the weight of the instrument itself being W. 
'> hen placed in a liquid of which the specific gravity differs from that of water, and is 
squired to be known, a weight w 2 less or greater than w must be placed in the upper 

I*»n to sink it to the zero mark- Then is obviously the specific gravity 

paired, + Wl 

To take the specific gravity of ary solid substance, a portion of it weighing lees than 
placed in the upper pan, with such additional weight, say w a , that the hydro* 
"‘rter will sink in pure water up to the zero mark, as it does when loaded with 

p 2 
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Then fbe weight of the substance is obviously w x — w 3 , No^ transit the substance 
‘to one el the lower pans, that which is concave downwards being used when the 
isbetanee 1* lighter tnan water, and has to be forced Under. ' The^ instrument must 
stein bo adjusted so as to float in water at the usual level, and it will be found that 
veto* farther weight has to be added for this purpose. Let the weight now in the 

pans be ts*. Then the specific gravity of the substance is ~ _ * 

This instrument becomes more and morpdelicate and accurate in its indications as 
the stem is of smaller diameter. As actually constructed by the inventor, the stem 
was a piece of hardened steel wire 5 \j iflch in diameter. But the more delicate, the 
more troublesome does the instrument become in use ; the adherence of water to the 
parts above the surface, the adherence of air to those below, and the inevitable changes 
of temperature in the water, are sources of unavoidable error. The chemist, in nis 
balance and specific gravity bottle, has always at hand the means of ascertaining 
specific gravities with any degree of accuracy, and is not likely to use Nicholson’s 
hydrometer. But this instrument is a valuable companion to the scientific traveller; 
since, besides its use in taking specific gravities, it may be employed in place of a 
balance for ascertaining any small weight. 

Having now given all that it is likely to be practically useful concerning the 
hydrometer, we think it quite needless to describe all the minute varieties of construc- 
tion and arbitrary scales proposed by Homberg, Clarke, Gay-Lussac, Dica, Richter, 
Adie, Quin, Guyton, Speers, Charles, and others. Much information is given in the 
Handworterbuch der Chemie , 2*' 1 Aufl., &c., ii. 165-190. 

The hydrometer is said to have been first invented by Hypatia, daughter of Tlieon 
Alexandrinus, who flourished about the end of the fourth century, but the discovery 
is sometimes ascribed to Archimedes. However this may be, the English philosopher 
Robert Boylo appears to have first brought it into use, having described it in Phil. 
Trans, for 167.5 (x. 329), or Boyles works (1772, iv. 204). His instrument was almost 
identical with Nicholson’s hydrometer, and was especially intended to determine the 
fineness of gold alloys, being hence called a “ New Essay Instrument .” 

Many references concerning the history and varieties of the hydrometer will be 
found in Youny's Lectures [1845] i. 240. — JUnoil s Thiorte Glnirale dcs Vhe-Uquturs 
[1821], is a work we have not been able to meet with. Clarke’s hydrometer (Phil. 
Trans, xxxvi. [1730J, p. 277), Brewster’s Capillary Hydrometer, Staktometer, or Drop- 
measurer, are described in the Edinburgh Cyclopaedia, xi. pt. ii. p. 442. — W. 8. J. 

BYDROnriCXELMAOVBBXTB, also called Pennite. A variety of hydrodolo- 
mite (p. 191) containing 2 per cent, or less of carbonate of nickel, with water. It forms 
|>n]o-green or whitish incrustations, having a surface of minute spherules, and occurs 
together with emerald-nickel, into which it graduates, also with chromic iron, at Texas, 
Lancaster county, Pennsylvania, and according to Heddle, at Swinaness, in Unst, 
8hetland. Hermann found in it 44*54 CO*, 20-10 CaO, 27*02 MgO, 125 Na v O, 070 
EeO, 0-40 MnO, 015 Al*0*, and 5 84 H*0~ 100. (Dana, ii. 457.) 

HTDROPHAX1, A variety of opal, which becomes transparent when immersed 
in water. 


H'VimOYHXX'XTS. A name applied to chloride of calcium. 

Bl'BXOPBITB, also called Jenkinsite, A hydrated silicate of magnesium And 
iron, which occurs massive, and sometimes fibrous. Specific gravity 2*46 — 2 65. 
Hardness » 3-5. Lustre, feeble, subvitroous. Colour, mountain-green to blackish- 
green ^ streak pale ; translucent to opaque. . * 


SIO* 

FeO 

MnO 

MgO 

Al*O s 

v*ry» 

ip 


3619 

2273 

1-66 

21-08 

2-895 

0125 

W*08« 

100-75 

3897 

19*30 

4-36 

22-87 

0-53 

, , 

si-36 - 

99-38 

3742 

20-60 

405 

22-75 

0-98 

. . 

13*46 * 

9928 


A* Hydrophite from Taberg, in Sweden (S van berg, Pogg. Ann. Ii. 535). — b. Jen - 
ktoiits from O’Neil's mine, Orange county, New York (Smith and Brush, Sill. Am. 

J. ii. 369). These analyses lead to the formula f gp?Q j 4 .3Si0*.3H ? 0 ; which, regarding 

2 at. water as basic, may be reduced to the form of an orthosilicate, 3(2M*0.Si0*).H*0, 
or 3M«SiO\H*0. 


BTBBOVZTB. A silicate of manganese with excess of manganous oxide, 
containing, according to Du Mend’s analysis, 54 37 per cent. SiO*, 41 33 MnO, 0 92 
feO, and 1*26 CaO* (Rammelsberg's Tdinerakhemie, p. 459.) 

BTBBOMSV • The name given by Garnal (Schmidt's Jahrb. d. ges. M4d. 
evi, 8) to an albuminous substance which he obtained from a dropsical effusion. 
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KTOmOQTmrOira. I lydrochinans, Hydrokinone (Wohler, Ann. Cb. Pliarm. 
xIt. 354 ; li 150 ; Hesse, ibid. cx. 194 ; cxiv. 292). — This name is applied to two sab* 
stances, one colourless and the other green. # 

Colourlbss Hydroquiwonh (Pyroquinolc\ 0^*0*, isomeric with oxyphenic acid, 
is the chief product of the dry distillation of quinic, carbohydroquinonic, and oxyaali- 
eylic acids (g. v. ), and is likewise produced by the action of reducing agents (stannous . 
chloride or sulphurous acid) on quinone, from which it differs by 2 at. H ; also, together 
with a brown crystalline body containing O ll H N N , O a , by the action of phenylamine 
on quinone (A. W. Hofmann, Proc, Kcy^Soc. xiii. 4) : 

2C*H’N + 3C?*H*0 # * t>H ,4 N*0* + 2C*H‘0». 

Phenylamine. Quinone. , Brown crystals. Hydroquinone. 

Preparation. — 1. The distillate, mixed with solid particles, which is obtained by 
the dry distillation of quinic acid, is filtered from tar, and again, after cooling, to* 
separate benzoic acid ; the yellow, heavy, oily mixture of benzene, phonic acid and 
salicylous acid, is distilled from the filtrate ; the brown residue in the retort is evapo- 
rated and left to cool till benzoic acid crystallises out; the mother-liquor is diluted 
with water, which makes the liquid milky and separates tar ; and the resulting filtrate 
is evaporated till the hydroquinone crystallises out. — 2. Sulphurous acid gas is passed 
through warm water saturated with quinone, and having quinone also suspended in it, 
till all the quinone is dissolved, and the liquid appears colourless ; the solution is then 
gently evaporated to the crystallising point, and the crystals are purified by pressure 
and recrystallisation. — It is not necessary previously to remove the sulphuric acid by 
carbonate of barium.— A saturated aqueous solution of quinone may also be mixed 
with aqueous hydriodic acid, and the watery liquid, after filtration from the iodine, 
evaporated to the crystallising point. 

I\upertu8. — Hydroquinone forms transparent, colourless, rhombic crystals ex- 
hibiting the combination, ooPoo . acPoo . P . oP (Hesse). It sublimes, when heated, 
in shining laminae, like benzoic acid; melts at 177 6° and solidifies to a crystalline mass 
at 163°. It is inodorous, lias a sweetish taste, and is neutral to vegetable colours. It 
dissolves easily in water, especially when hot., also in alcohol and in ether. From 
solutions of alkaline sulphites, it crystallises unalterod, sometimes however in sulphur- 
yellow rhombohedrons or long four-sided prism*, resembling the sulphydrate* of hy- 
droquinone. (Hesse.) 

Decompositions. — 1. Hydroquinone, suddenly heated above the lioiling point, is par- 
tially decomposed into quinone and green hydroquinone. When passed in the state of 
vapour through a glass tube at a low red heat, it is resolved into quinone and hydrogen 
(Hesse). — 2. Oxidising agents, viz. chlorine, chromate of potassium, sesquicliloride 
of iron, or nitrate of silver, convert hydroquinone dissolved in water into green hydro- 
quimme, with formation of hydrochloric acid, chromic oxide, or protochloride of iron 
and hydrochloric acid, or with precipitation of silver. — 3. Strong nitric acid converts it 
almost wholly into oxalic acid (Hesse). — With hydrochloric acid and chlorate of 
potassium it yields tetraclilorquinone (chloranil) (iPesse). — 4. The aqueous solution 
of hydroquinone imparts a saffron-yellow colour to Coptic acetate , and when boated 
throws down cuprous oxide, quinone volatilising at the *ame time. — 6. Ammonia 
imparts to it a brown-red colour, und yields on evaporation a brown mass like ulmio 
acid. Potash acts in like manner. (W ohler.) 

Hydroquinone dissolves in a moderately concentrated hot solution of neutral acetate 
of had , and the solution, on cooling, yields prisms containing CHIKP.tPH'Pbl) 4 + 

S These crystals give off 6 23 per cent, of water (nearly at.) over sulphuric 

acid. 

Sulphi/dratcs of Hydroquinone . — There are two of these salts. Tho first, ednljllag 
4C‘H*0*.H a S, is obtained in colourless prisms by passing sulphydric acid gMpto a 
saturated solution of hydroquinone heated to 4U°. — The second 3(J*II , 0*.H , 8, Uoofajfaad, 
by passing sulphydric acid into a cold saturated solution of hydroquinone, ill Mull 
shining crystals, which redissolve when heated if the passage of the gas be continued, 
the solution, as it cools, yielding the compound in very regular colourless rhombohe- 
drons. These crystals remain unaltered when dry, but water eliminates sulphydric 
acid from them, and on boiling the solution, hydroquinone is reproduced. 

(ibKBif Hydroqutnokp. or Qi inhydronh. C ,2 H ,# 0 4 ** CTI*0 , .C‘H 4 0*.--~This com- 
pound may be regarded either as a compound of quinone and colourless hydroquinone, 
vr as a double molecule of the latter compound minus 2 at. H, or again as a double 
molecule of quinone (C'HPO 1 ) plus 2 at H. 

It is produced : — 1. By mixing the aqueous solutions of quinone and hydroquinone, 
whereupon it is immediately precipitated in the crystalline form. — 2. By combining 
aqueous quinone with a quantity of hydrogen not sufficient for the formation of 
colourless hydroquinone ; e. g. aqueous quinone mixed with sulphuric acid at tit# 
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negative pole of the galvanic circuit ; quinone mixed with sulphuric acid in contact 
with zinc ; aqueous solution of quinone with gradual addition of dichlonde of tin or 
protostilphate of iron, or sulphurous acid, or alloxantin, the latter being converted into 
alloxan. — 3. By the partial dehydrogenation of aqueous hydroquinone; t.g. when 
spongy platinum or animal charcoal moistened with the solution is exposed to the air; 
when chlorine gas is passed through aqueous hydroquinone, or that liquid is mixed with 
nitric acid, chromate of potassium, sesquichloride of iron, or nitrate of silver. — The 
mixtures prepared according to (2) or (3) with concentrated solutions, assume for a 
while a black-red colour, and then become filled with long, green, metallic-looking prisms 
of quinhydrone ; but if the solutions are too dilute, the quinhydrone remains dissolved 
and is decomposed, emitting the odour of quinone. — The largest crystals are obtained 
by atone© adding to a satura ted aqueous solution of quinone (or even to its mother-liquor) 
a quantity of aqueous sulphurous acid just half sufficient for the formation of hydro- 
quinone. 

Properties. — Quinhydrone forms very long and thin green prisms, having a metallic 
lustre, like the wings of gold-beetles or humming birds, and brighter even than 
murexid ; they appear red-brown by transmitted light when strongly magnified. It 
melts easily to a brown liquid, and sublimes partly undecomposed in green laminae. 
Smells slightly like quinone, and has a pungent taste. 

It dissolves sparingly in cold water , abundantly and with red-brown colour in hot 
water, separating as it cools. Alcohol and ether dissolve it readily, forming yellow or 
red solutions. Ammonia dissolves it with green colour. The aqueous solution forms 
with acetate of lead a bright greenish-yellow precipitate, quickly changing to dirty 

gwy- 

Decomposition a. — 1. When quinhydrone is heated, it sublimes partly undecomposed, 
partly converted into yellow quinone. — 2. Whon it is boiled with water, quinone distils 
over, and the remaining dark red-brown liquid contains, together with a large quantity 
of hydroquinone, a brown tar, which separates partly on cooling, partly on subsequent 
addition of water. — 3. The green solution of quinhydrone in ammonia quickly assumes 
a dark red-brown colour on exposuro to the air, and leaves a brown amorphous mass 
when evaporated.— 4. Quinhydrone is converted into colourless hydroquinone by 
aqueous sulphurous acid, stannous chloride, or chic and sulphuric acid, but not by 
hydriodic acid or tellurhydric acid.— 5. The aqueous solution quickly reduces nitrate 
oj silver, on addition of ammonia. 

Derivatives of Hydroquinone . 

Carbohydroquinonic add. C 7 H s 0 4 ® ciiwco 1 = ( c ’H“oy"|o> (0 H ,, ssei 

Ann. Ch, Pharm. cxii. 627, cxiv. 292; exxii. 22; E. Lautemann, ibid. cxx. 316). — 
acid produced : — 1. By the action of bromine on aqueous quinie, acid. — 2. By heat- 
ing quinic acid to above 200°.— 3. Small quantities of it are likewise obtained by the 
action of chlorate of potassium and hydrochloric acid on dilute aqueous quinic acid, 
or of peroxide of manganese and sulphuric acid on aqueous quinate of calcium. (Hesse.) 

Preparation , — Bromine is added to aqueous quinie acid by portions of 10 drops each, 
till a portion of it remains undiseolved, even after the liquid has been frequently 
agitated and left, to stand for 12 hours. The solution is then decanted from the un 
dissolved bromine, diluted, filtered, and mixed with carbonate of lead, as long as a 
brisk evolution of gas is thereby set up, and bromide of lead produced. The filtrate, 
evaporated to a thick syrup on the water-bath, and shaken up with aljout 5 vol. ether, 
yields to this liquid carbohydroquinonic acid, which after the ethe* has been distilled 
remains as a brown crystalline residue. It is purified by r (^crystallisation from 
water containing hydrochloric acid, with help of animal charcooKOr the solution, 
treated with bromine and filtered, is mixed with carbonate of lead^Ull this salt begins 
to take up organic substances; the filtrate is precipitated with solution of neutral 
acetate of load, and then, after this precipitate has been collected, a further precipitate 
is obtained by addition of ammonia. By decomposing the precipitates suspended in 
water with sulphydric acid, then boiling up and diluting the filtrate, carbohydro- 
quinonic acid is obtained from the first precipitate. The acid obtained from the second 
lead-precipitate still retains unaltered quinic acid, from which it may bo separated 
by ether. (Hesse.) 

Properties. — Carbohydroquinonic acid crystallises from its aqueous solution with 
1 at. water (C , H*O l .H v O). in furcate groups of needles, also in rhombic laminm or 
granular crystals. It is dimorphous. The granular crystals are distorted twins, 
belonging to the monoclinic system. The needles are rhombic prisms, having the 
*cute edges perpendicularly truncated, cleavablo at right angles to the prismatic facet* 
(Hesse). - The crystallised acid dissolves in 40 or 60 pts. of waLr at 17°, very easily 
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in boiling water and in alcohol, but is insoluble in ether. It has a sour and bitter 
taste ana reddens litmus. Heated to 100° it gives off) on the average, 10 6 per cent, 
water, leaving the anhydrous acid, C 7 H 8 0 4 , which melts at 207° (oorreeted) with 
partial decomposition, and solidifies in the radio-crystalline form between 160° and 
170° (Hesse). When cautiously heated, it sublimes with partial decomposition. 
(Lautemann.) 

Decompositions. — 1. Carbohydroquinonic acid is resolved by fusion, and with great 
facility when heated to 240°, into carbonic anhydride and hydroquinone, C 7 H®0 4 mm 
C 4 H 8 <3* + CO* (Hesse). When it is heated with pumice, pyrocatechin is obtained 
instead of hydroquinone, the former being apparently capable of passing, under circum- 
stances not exactly known, into hydroquinone (Lautemann). — 2. It is not altered by 
boiling dilute nitric acid ; the concentrated acid converts it, with rise of temperature 
and evolution of nitrous acid, into oxalic acid, together with a trace of a yellow sub- 
stance. — 3. Sulphuric anhydride dissolves it, without evolution of gas, forming a blue 
liquid, brownish by reflected light. No conjugated sulphuric acid can be obtained from 
this solution. — In oil of vitriol , carbohydroquinonic acid dissolves slowly, and chars 
when heated. — 4. Bromine dissolves slowly in the aqueous acid, with evolution of gas. 

5. Aqueous carbohydroquinonic acid, in contact with acid carbonate of calcium and 

air, acquires a dark, nearly black colour, and deposits a black precipitate, which 
effervesces with acids (II esse). — 6. From cupric hydrate and potassio-cupric tartrate 
aqueous carbohydroquinonic acid separates cuprous oxide ; from mercuric and silver - 
salts it separates the metal. Dilute aqueous carbohydroquinonic acid, mixed at 8° or 
10° with neutral solution of nitrate of silver, becomes dark-coloured in a quarter 
of an hour, e von in the dark, and in three hours separatee metallic silver (H obso). 
According to Lautemann it reduces nitrate of silver when heated, but not in the 
cold. 

The carbohydroquino nates are, for the most part, easily soluble in water, 
sparingly soluble or insoluble in alcohol. Hesso regjirds the acid as monobasic, and 
the ainnionium-salt as a basic salt, in which 1 at. ammonia takes the place of water of 

crystallisation, CHI^NIDJOVNII*. The formula ^ | O* represents it as tria- 

tomic but monobasic, like glyceric acid (ii. 876 ). Streck er (JlanduHirtcrb. ii. [2], 996), 
regards the acid as dibasic. Carbohydroquinonic acid decomposes the carbonates of 
the alkaline earths. Its salts turn brown in the air. In contact with a small 
quantity of sesquichloride of iron, they acquire a violet colour; with a larger quantity, 
a fine purple-violet to chrome-green colour especially in neutral solution. (Hesse.) 

Ammonium-sails . — When dry uminonia-gos is passed over dry carbohydroquinonic 
acid, 100 pts. of the acid take up from 22 3 to 22 7 pts. of ammonia (2 at. «=. 22'08 
NT!*), without giving offwator. Tho resulting compound, freed from excess of ammonia 
by standing over oil of vitriol, contains 44 7 per cent. C, and 6 2 IT, corresponding 
to the formula, C 7 H a (NH 4 )0 4 .NH 8 (calc. 4468 per cent. C, and 638 II). When 
exj-msed to moist air, it quickly gives off ammonia, and dissolves, with alkaline reaev 
tion, in water and alcohol. The latter solution, when evaporated, deposits small acid 
crystals. Hydrated ether partially dissolves the ammonium-salt, leaving a portion, 
perhaps consisting of C 7 H a (NH*)OMDO. An ether-alcoholic solution of carbohydro- 
quinonic acid becomes turbid when ammonia gas is passed over it, and then clear, 
depositing concentric groups of prisms. Drown substances arc formed at the same 
rime. (Hesse.) 

Isad-salt . — From aqueous carbohydroquinonic acid, an aqueous or alcoholic solution 
of neutral acetate of lead throws down an amorphous yellow precipitate, easily soluble in 
nitric acid, with difficulty in acetic acid. Fart of the carbohydroquinonic acid dissolves 
at the same time in the acetic acid which is set free, so that the filtrate still gives A 
pnripitate with ammonia. (Hesse.) * v 

The potassium-salt is precipitated from its aqueous solution by alcohol in tho form 
of a syrup. — The manganous salt forms small prisms, easily solublo in water. — >The 
c>fic-salt forms laminae. — Aqueous carbohydroquinonic acid yields a greyish-yellow pre- 
cipitate with tartar emetic ; and with ferric hyarochlorate, a dark green solution chang- 
’uk to violet on addition of acid carbonate of sodium, or of tartaric acid, ferric hydro* 
chlorate, and ammonia. It does not precipitate gelatin. 

The following acids give reactions very similar to those of carbohydroquinonic acid : 

1. Morintannic acid and Morin , which, according to Jllasiwctz, are isomeric with 
^^^bl^roQninonic acid. — 2. Dcuterocatechuic acid , 0*11*0', and Tricatechuic acid* 
o a . , * t k. e8e two acids are supposed by 8 1 rocker (Ann. Ch. Pharm. cxviii. 

280) to exist in catechu, inasmuch as he regarded the pyrocatechin, first as the one, 
then as. the other of these acids, and finally, as a mixture of the two. — 3. Proto* 
****** kuic acid. This acid, according to Lautemann (Ann. Ch. Pharm. cxx. 316), 
must be regarded as identical with carbohydroquinonic acid, since the latter acid, when 
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.Rested with pumice, is capable of yielding pyrocateehin. But according to Hesse 

(Ann. Ch. Pharm. cxxii. 221), the two acids react differently with cupric tartrate, and 

must therefore be regarded as only isomeric.— 4. Oxy salicylic add. With regard to 
. this acid, Lautemann thinks it probable that it may be capable of passing into carbo- 
hydroquinonic acid (or the latter into oxysalicylic acid).’- 5. Hypogallic add. 

Ethyl-car bohydroquinonic acid , CPH^O 4 *= jj/q 2jja C&rbohydroqui- 

nonic ether.— To prepare this compound, carbohydroquinonic acid is dissolved in 
alcohol of 90 per cent.; the solution is saturated with hydrochloric acid gas; the 
alcohol is distilled off in the water-bath ; the residue is shaken up with ether, as long 
as that liquid takes up a substance which colours ferric chloride ; the ether is then 
distilled off; the brown crystalline residue is shaken up with boiling, very dilute 
alcohol, and a small quantity of carbonate of sodium ; the solution is left to cool ; 
and the acid is again exhausted with ether. The ethereal solution when evaporated 
leaves coloured crystals, which may be decolorised by again treating them with dilute 
alcohol, soda, and ether. It forms colourless prisms united in radiate groups, neutral, 
melting at 134° (corrected), and becoming crystalline again at 124*3°. 

The ether melts in boiling water before dissolving; dissolves easily in alcohol , and 
especially in common ether. The aqueous solution, added to neutral acetate of lead , 
forms a white amorphous precipitate soluble in acetic acid ; it colours ferric hydro- 
chlorate violet, changing to purple-violet on addition of a larger quantity of the iron- 
salt, and finally to chromo-green. It reduces mercuric chloride , nitrate of silver , and 
potassio-cupric tartrate . (H esse, loc. dt.) 

Chlorinated Hydro qul nones. (Wohler, Ann Ch. Pharm. li. 155. — Stiidcler, 
ibid. lxix. 132, 300, 321.) — These compounds are produced by the action of reducing 
agents on the corresponding chlorinated derivatives of quinone : they are most easily 
prepared by means of sulphurous acid. They bear a greater resemblance to hydro- 
quinone in proportion as they contain less chlorine. They act like weak acids, their 
alcoholic solutions yielding white precipitates with acetate of lead, the quantity of the 
precipitate being increased by addition of ammonia. The chlorine in these compounds 
does not exhibit its usual reaction with nitrate of silver. By oxidising agents, viz. by 
nitric acid and sesquichloride of iron, they are converted either into the corresponding 
chlorinated quinones, or compounds of these with the chlorinated hydroquinoncs. 

Monochlorinated Eydroqutnone, C fi H*C10 2 , forms tufts of colourless prisms, 
very soluble in water, alcohol and ether, and liquefying in contact with the vapour of 
ether. It melts easily, and sublimes in white laminae, with partial decomposition. Its 
aqueous solution reduces nitrate of silver. It dissolves in ammonia, forming a dark- 
blue solution, changing to green, yellow, and red-brown. 

Dichlorinatcd llydroquinonc , C 6 H 4 CI ? 0 2 , forms beautiful nacreous crystals, 
which melt at 164°, and begin to sublimo at 120 D . It reddens litmus; dissolves 
sparingly in cold water, easily in boiling water, also in alcohol, in ether, and in hot 
acetic acid; sparingly in boiling hydroeliloric acid; it is soluble also in hot concen- 
trated sulphuric acid, and separates on cooling. With dilute potash it forms a colour- 
less solution, which on exposure to the air turns green, then red, and deposits a violet 
powder. With ammonia, it forms a yellow solution, which reddens in contact with the 
air, and deposits a brownish precipitate. 

Trichlorinatcd Ilydroquinone , C*H*C1 3 0 2 , forms colourless laminae, or 
flattened prisms melting at a little above 130°, and subliming in iridescent scales. It 
dissolves readily in alcohol and in ether ; the alcoholic solution reddens litmus. It 
dissolves in potash and in ammonia, forming green solutions, which turn first red, 
then brown, and yield copious precipitates with hydrochloric aciA # 

yjfcTetrachlorinated Ilydroquinone , CTI 2 C1*0 5 , forms colouSfcs, nacreous laminae, 
Insoluble in water, very soluble in alcohol and ether; its solpfions redden litmus. 
When heated, it begins to turn brown at 160 3 , the colour becoming stronger towards 
220°; it then sublimes rapidly, but does not melt till more strongly heated; the 
melted mass crystallises on cooling. It dissolves in potash and in ammonia. The 
potash solution, saturated hot, deposits on cooling, prismatic cry stals, apparently con- 
sisting of a potassium -salt. 

Octochlorinoted Acrtyl-dihydroquinonc, C"H‘Cl*0» = C ,3 H 3 (C i H t 0)Cl # 0 4 
(Hesse, Ann Ch. Pharm. cxiv. 292). — Produced by passing sulphurous anhydride 
into a mixture of tetrachloroquinone and glacial acetic acid, then evaporating and 
subliming: 

2C*Cl l O* + C*H 4 0* + H 2 0 + 2SO* « C^H^CPO 3 + 2SO* 

It forms colourless laminse, which melt at 230°, dissolve easily in ether, alcohol, 
hot benzene, and strong acetic acid, but are nearly insoluble in water. 



hydroquinone. 


in 


OctochlorinaUd Ethyl-dihydroquin one, C H H*CI*0 4 — C'*H*(0 , H a )Cl*0 4 
(H esse, U*. eit.\ — Obtained by passing sulphurous anhydride for some time through a 
heated mixture of tetrachloroquinone with 20pts. alcohol of 92 per cent The tetraehloro- 
quinone then dissolves, And the solution mixed with water yields the octochlorin&ted ethyl- 
hydroquinone, which crystallises from benzene in colourless rhombic laminae, often an 
inch long, and exhibitingthe combination oopoo . ooP . mPao . The compound melts at 
236°, sublimes almost unaltered at 210° ; is nearly insoluble in water ana in solutions of 
sulphites, but dissolves easily in alcohol, ether, hot benzene, and acetic acid* The 
alcoholic solution after a while becomes acid and brown-coloured, and ultimately 
deposits black prisms having a metallic lustre ; on addition of hypochlorite of sodium, 
the solution yields green crystals, and then tetrachloroquinone. Octochlorinated ethyl- 
hydroquinone mixed with quicklime, and moistened with a few drops of water, 
exhibits a fine green colour. 

Chlorinated Quinhydrones. — The chlorinated hydroquinones combine with tho 
chlorinated quinones, forming compounds which may be regarded as chlorinated 
quinhydrones (p. 213). These compounds are produced by mixing the aqueous 
solutions of their components, or by tho action of oxidising agents on tho chlorinated 
hydroquinones, or of reducing agents on the chlorinated quinones. The dichlorinatcd 
compound, CHPCIO*. C*H*C10*, sublimes in brown needles, which colour the skin 
purple, and redden litmus. — The tetrachlorinated compound, C*II I C1 3 0’ J . C*H*C1'0 3 , in 
the anhydrous state, forms yellow crystals ; in tho hydrated state, with 2H-0, 
it forms violet crystals. — Tho hexchlorinated compound, CHPCPlP.CMICPO*, appears 
to be formed by treating trichloroquinone with a quantity of sulphurous acid not 
sufficient to convert it completely into trichlorinated hydroquinone ; and the octochlo - 
ritutti d compound, C®II 3 C1 4 0 J .C < '(J1 < 0*, by tho action of nitrate of silver on perchlorinated 
hydroquinone. 

Phospholiydroquinonic add. CTFPO 5 *= C 8 H*0*PII0 i (Hesse, Ann. Oil. 
Diarm. cxiv. 292). — Quinic acid dissolves in cold dilute aqueous phosphoric acid with- 
out decomposition ; but on evaporating the solution, a copious evolution of gas takes 
place at a certain degree of concentration, and tho remaining brown solution contains 
an acid, whose calcium-salt, which separates partly crystalline, partly amorphous, lia» 
the composition C*H # CaP0 4 . The formation of tho acid is represented by the equation: 


C 7 II»OV+ VIVO* 

Quinlc acid. 


c*irro* + co + 411*0. 

Photpholirdro- 

quinonic 


Sulphite of Hydroquinone, C ,r FI r *S0 8 ** 3C*H*0*.S0* (A. CIcmm, Ann. Ch. 
Plutrm. cx. 346). — When sulphurous anhydride is passed through a solution of 
quinonc till that compound is completely converted into colourless hydroquinone, and 
the passage of the gas is then further continued, the liquid again turns yellow, and 
deposits, after concentration, yellow rbombohedral crystals having tho above composi- 
tion. This compound is very easily decomposable, and gives off sulphurous anhydride 
when heated, leaving colourless hydroquinone. 

flnlpboliydroqiilnoiKlo acids. Acids containing the elements of hydroquinone 
and sulphuric anhydride ; produced by tbo action of sulphuric acid or anhydride on 
quinic acid and hydroquinone. (O. Hesse, Ann. Ch. Pharm. cx. 194; cxiv. 292.) 

1. Disulpho-hydroquinonic acid. C^II^O* «* OH*0 2 .2SO *. — ’Preparation of 
the barium-salt . — burning sulphuric acid is poured into fused or finely pulverised 
quinic acid, till a fresh addition no longer causes any considerable evolution of gas ; 
the liquid is gently wanned towards the end of the operation, diluted after cooling with 
a large quantity of water, neutralised with carbonate of barium, and evaporated to the 
crystallising point. The crystals which first separate take up a large quantity^ft, 
colouring matter, so that the mother-liquor yields a less coloured salt. 

The aqueous acid, obtained by decomposing the barium-salt with the exactly equiva- 
lent quantity of sulphuric acid, or the lead-salt with sulphjdric acid, forms an acid 
fynip, easily soluble in alcohol , insoluble in itfur. 

1 ho acid is dibasic, but only the dimetallic salts have boon obtained. The salts and 
tho aqueous acid produce with ferric hydroehlorate a fine blue colour, which disappears 
on heating, and reappears with a dingy tint on cooling. The blue colour is also 
destroyed, slowly by access of uir, or by addition of nitric or acetic acid, quickly by 
addition of hydrochloric, sulphuric, or tartaric acid. A similar action is exerted by 
aal- ammoniac, chloride of barium, chloride of calcium, sulphate of magnesium, phosphate 
of j*odium, neutral acetate of lead, and ferric hydroehlorate. The salts separate metslli* 
silver from the nitrate. # 

The ammonium-salt, obtained by decomposing the barium-salt with carbonate of 
ammonia, separates from the concentrated solution in laige crystals. 


2i* HYDROSALICYLAMIDE. 

The bariumrsalt, C-H + Ba"S*0 8 .4H*0, forms beautiful monoclinic- prisms, with 
angles of 113° 4'. When heated, it gives off suffocating vapours, hydroquinone, 
qumhydrone, and water, leaving a residue of charcoal. The salt dried in the air, or 
over oil of vitriol, gives off at 90° from 10 8 to 11 5 per cent, water (3 at.» 11-81 per 
cent. H a O), then between 120° and 160° an additional 3*8 per cent. (1 at. a 3*77 per 
cent. H’O), corresponding in all to 4 at. The salt dissolves readily in boiling water, with 
difficulty in cold water, and in alcohol either cold or boiling, but is insoluble in ether. 

The calcium-salt resembles the barium-salt. 

The lead-salt , OH 4 Pb"S 2 0*.Pb"H 2 0 2 f is separated from the concentrated solution of 
the barium-salt by neutral acetate of lead, as a bulky precipitate, which quickly changes 
into yellowish microscopic crystals having a silky lustre, When heated, it assumes a 
lemon-yellow colour, and becomes carbonised. It is nearly insoluble in water and 
acetic acid, easily soluble in nitric acid, precipifcable by ammonia. 

The potassium-salt, 2C“H 4 K 2 S 2 0 8 .3H*0, is obtained by neutralising the aqueous 
acid with carbonate of potassium, and separates with the same composition, even from 
solutions containing 2 at. acid to 1 at. potash. It forms colourless prisms having a 
saline taste, easily soluble in water, sparingly in alcohol. They retain 6*9 per cent, 
water over oil of vitriol, give off the whole at 150°, and decompose when melted. 

2. Sul phodihydroquinonic acid, C 12 H ,a SO # = 2C*H*0 2 .S0 3 .2H 2 0. — Produced 
by the action of fuming sulphuric acid on hydroquinone. The solution, which is formod 
without evolution of gas, yields, when saturated with carbonate of barium, a barium- 
salt, which crystallises in concentrically grouped needles containing C 24 H 80 Ba"S 2 O 19 . 
This salt is easily soluble in water and in aqueous alcohol, sparingly soluble in abso- 
lute alcohol, and is precipitated therefrom in flocks by ether. 

3. Disulphodihydroquinonic acid, C ,2 II ,4 S 2 O u = 2C“H“0*.2S0 3 .IP0. — Hydro- 
quinone exposed to the vapour of sulphuric anhydride deliquesces and yields this acid. 
The potassium-salt, C ,2 H ,8 KS-'O n , crystallises in colourless monoclinic prisms or in 
flattened, sharp-pointed needles, easily soluble in water and in hot alcohol. The solu- 
tion treated with ferric hydrochlorate acquires a transient dark-blue colour; it forms a 
white precipitate with ammoniacal ucetfcto of lead, and reduces silver from the nitrate. 

SVBS 08 A 1 ZCT 1 AMZBE. C 2, H 18 N 2 0 3 = N®(C 7 H«0)» Salhydramide. Salicy- 
limide . Hydride of Azosalicyl (E 1 1 1 i n g, Ann. Ch. Pliarm. xxxv. 261 ). — This compound 
is produced by the action of ammonia on hydride of salicyl (salieylous acid) : 

3C 7 H*0 2 + 2NH> - C 21 H l8 N 2 0 3 -4- 3H 2 0. 

The hydride of salicyl is dissolved in 3 or 4 times its volumo of cold alcohol, and a 
quantity of ammonia is added equal to that of the hydride of salicyl employed. The 
solution then immediately yields ycllowish-whitc needles, and soon solidifies in a mass. 
On applying a gentle heat, the product dissolves completely, and the liquid, on cooling, 
deposits crystals of hydrosalicylumide. 

Hydrosalicylamide crystallises in triclinic prisms, without modification. Angle 
oo/P : ooP/ «=*117° 30'; oP : oo/P =*103° 80'; oP : ooP/ =93° 30'. It appears to 
be insolublo in water, and dissolves but sparingly in cold alcohol, but quickly in about 
60 pts. of boiling alcohol. At 300° it melts to a yellow and brownish mass, yielding 
a white, very light sublimate. At a higher temperature it carbonises. It is not 
decomposed by weak potash-ley in the cold, but on boiling it gives off ammonia and 
forms salieylide of potassium. Dilute acids also do not decompose it in the cold, but 
on heating, ammonia is produced, and hydride of salicyl is set free. With an alcoholic 
solution of sulphydric acid, it yields hydride. of sulphosalicyl: 

C 2 ‘H ,8 N 2 O s + 3H 2 S - 3C’H a OS + 2NH*. , 

Hyrirounlicyl- Hydride of 

amide. iulpho-aalicyl. # 

**Hydrosalicyl amide forms several salts in which part of the hyfffigen is replaced by 
motallic radicles. 

The cupro-cuprammonic salt , C 42 H M Cu*(N 3 H a Cu)"N 4 0 6 , is obtained by mixing a very 
dilute and slightly cooled alcoholic solution of hydrosalicylamide with ammoniacal 
acetate of copper (acetate of cuprammonium). The liquid immediately acquires a fine 
emerald-green colour, and gradually deposits brilliant laminae of the same colour, the 
solution being at the same time decolorised. The crystals are insoluble in water and 
in alcohol; they dissolve in cold dilute acids, but are reprccipitated on saturating the 
solution with an alkali. Strong mineral acids decompose them completely, liberating 
hydride of salicyl. Dilute potash does not decomposo them without the aid of heat, 
and even then but elowly. They melt when heitod, and yield by distillation an oil 
which solidifies on cooling, in a prystallino mass naving the odour of gum-benzoin; 

Fc rrico-ferrkammon ic salt, C 2 1 H 1 y < *( N H */<? ) N 2 0 * * . — To prepare this salt, an aqueous 

•yir * $ Fe « 1S|. 
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solution of ferric chloride is mixed with a quantity of tartaric arid sufficient to prevent 
its precipitation by a large excess of ammonia ; a saturated alcoholic solution of hydro- 
Halicylamide is then mixed with a quantity of ammonia sufficient to enable it to be 
treated with 30 or 40 times its volume of cold water without becoming turbid ; and the 
two solutions are mixed. The mixture immediately acquires a deep blood-red colour, 
and after some* time deposits a yellowish-red flocculent precipitate which gradually 
becomes darker coloured and granular. This precipitate is partially soluble in alcohol. 
It is not decomposed by cold dilute hydrochloric acid, but the hot concentrated acid 
decomposes it, with separation of hydride of salicyl. 

Lead-salts. — Two of these salts appear to exist. One of them is obtained by mixing 
a solution of acetate of lead with ten times its volume of alcohol, heating the mixture, 
pouring in a little ammonia, and adding an alcoholic solution of hydrosalicylamide 
containing a small quantity of ammonia till the precipitate which forms at first no 
longer reaissolves in the hot liquid ; this liquid on cooling deposits a yellow granular 
powder. — The Other lead-salt of hydrosalicylamide is obtained by mixing a solution of 
the hydramide with aqueous ammonia, and adding in the cold a solution of acetate of 
lead. Light yellow flocks are then formed, which become strongly electric by friction. 

Hydrobromosallcylamlde. C- , II ,s Jlr s N 2 0 > => N-(C T H 5 13rO)\ Hydride of 
UromnsosaUcyl. Bromosamide . — Obtained by the action of ammonia on hydride of 
bromosalieyl (bromosalicyious acid). Its properties and reactions arc precisely analo- 
gous to those of the following compound. (Piri a.) < 

Hydrocttforoaalicylamide. C 2, H l5 Cl a N 2 0> = N*(C 7 lf s C10)\ Hydride of 
Chlurazosalicyl. Chlorosamide ( Piri a, Ann. Ch. Pliys. [2] lxix. 809). — Produced by 
the action of ammonia-gas on hydride of chlorosnlieyl (chlorosalicylous acid): 

3C 7 IPC10 2 + 2NH* = C 9, H l5 CPN*0* + 3JPO. 

On passing a current of dry ammonia gas over dry chlorosalicylous acid, tho gas is 
absorbed and a yellow resinous mass is formed. To complete the reaction, it is neces- 
sary to withdraw the mass from time to time, pulverise it, and again submit it to the 
union of the gas. Tho product is then crystallised from absolute alcohol, or better 
from hot anhydrous ether. 

Hydrochlorosalicylamide crystallises in small yellow scales, tasteless, nearly insolublo 
in water, but soluble in alcohol and ether, especially with aid of heat. Absolute alcohol 
dissolves it without alteration; but hot aqueous alcohol decomposes it, eliminating 
ammonia, especially in presence of acid or alkaline liquids. 

HTDROSXXaXCXTB. A hydrous variety of augit e, occurring in amorphous masses 
or ns a crust on the palagonite tufa at Pnlugoma and Aei Gastello in Sicily, associated 
or mixed with herschelite, phillipsite and calcito. According to v. Waltorshausim, it 
contains 42 02 SiO’, 4*94 APO*, 27*19 CaO, 3*41 MgO, 2 51 Na*O t 2 67 K*0, 16 00 
wiUi r and carbonic acid, and 2*19 insoluble matter. {Uammclsbcra* s Mineralchemie , 

p. 801.) 

a ’*‘®*OSTllA.XITXL A steatite from Gopfersgriin, in which Klaproth found 59*5 
per cent, silica. 

. HTBEOTALCITB. A talc-like mineral, translucent in thin folia, from Snarum 
in Norway, where it occurs imbedded in serpentine. Hardness = 2 0 (flochstotter). 
specific gravity = 2 091 (Rammelsberg). It dissolves easily and with effervescence 
,n ,U, ^ N > retaining its solubility after ignition. Hermann examined a mineral (which 
he called Volkneritc) evidently identical with this, from Schcschernskaja Gora in tho 
l ral, where it occurs in tho mica slate, together with chlorospinel, hydrargillito, and 
other minerals, and is said sometimes to form six-sided prisms cleaving perfectly 
parallel to the terminal faces. Specific gravity = 2 04. 

Analysts, a. by II och s t et ter (J. pr. Chom. xxvii. 376). — 5 — c. by Ram melsbor^lP*' 

( Mmerafchtmie , p. 166).—/. by Hermann (J. pr. Chem. xlvi. 237). 


Alumina 

Ferric oxide . 

a. 

12*00 

6-90 

b. 

19*25 

c. 

17*78 

d. 

18 00 

e. 

18 87 

/■ 

1696 

Magnesia 

36*30 

37*27 

38*18 

37*30 

37*04 

37*08 

Carbonic anhydride 

10 54 

2*61 

6*05 

7*32 

7*30 

3*92 

Water . 

Insoluble residue . 

32*60 

1 20 

41*59 

37*99 

37*38 

37*38 

42*04 


99 60 

100*72 

100 00 

loo-OO 

100*59 

100 00 


Rimtnelsberg’s and Hermann’s analyses, abstracting the carbonic acid, lead to the 
-ormula APO* 3H*0 + 5— 6(Mg*0.2H z 0) or (AP)"H«0*6— 6Mg"IHO*. 

, ABTHOFBTLMTO An altered forra*o f osbestiform tremolite 

* * found on New York Island and in Scotland. 
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STBKOtnrcxm See Zwc-blookc. 

ITDVSX&ZO ACID* C*H‘N 4 O a .-^An acid belonging to tbe uric add group 
diccorered by Schlieper (Ann. Ch. Pharm. cvi. 11), and farther investigated by 
Baeyer (ibid, cxxvii. 11). Schlieper, who assigned to it the formula C^O", 
once obtained it accidentally in treating uric acid with dilute nitric acid, and concen- 
trating the mother-liquor remaining after the alloxan (i. 135) had crystallised out; 
but he did not succeed in preparing it a second time. It was really produced by the 
decomposition of dialuric acia, which is one of the products of the action of nitric acid 
upon uric acid (ii. 965), and in Schli ©peris experiment was decomposed by the heat of 
the sand-bath in which the syrupy liquid had been allowed to remain. 

Baeyer obtains hydurilic acid by heating dialuric acid with glycerin (which acts 
merely as a solvent) to about 160°, the dialuric acid then splitting up into hydurilate 
of ammonium, formic acid, and carbonic anhydride : 

5C*H 4 N*0 4 - 2C 8 H s (NH 4 )N 4 O a + CH*0 2 + 300*. 

Dialuric acid. Hydurilate of am- 

monium. 

Preparation from Uric acid.-r- The uric acid is first converted into alloxan by 
Schlieperis method of oxidation with hydrochloric acid and chlorate of potassium 
(i. 135) ; and the alloxan, after being dissolved in lukewarm water, filtered from the un- 
altered uric acid, and decolorised if necessary with pure animal charcoal, is converted 
into dialuric acid by reduction with stannous chloride. For this purpose, a quantity 
of tin equal to the weight of uric acid employed, is dissolved in excess or Btrong 
hydrochloric acid ; the still hot liquid is added all at once to the alloxan solution ; and 
more hydrochloric acid is added till the volume of the liquid amounts to 4 litres for a 
pound of uric acid decomposed. The preceding proportions must be carefully observed, 
for with a smaller proportion of tin, alloxantin is obtained instead of dialuric acid ; 
and unless a large excess of hydrochloric acid is used, dialurate of tin separates in 
hard crusts, very difficult to decompose. On leaving the strongly acid solution to 
stand for a day, dialuric acid crystallises out in yellowish stellate groups of short four- 
sided prisms, which must be quickly washed, and dried in a vacuum. The quantity 
obtained amounts to about 50 per cent, of the uric acid employed. 

To convert the dialuric acid into hydurilic acid, 9 pts. of the perfectly dry substance 
is mixed in a capacious flask with 5 pts. of concentrated glycerin (as it is obtained by 
evaporation in a basin till its temperature rises to 160°). and heated in an oil-bath to 140° 
— 150°. A brisk and regular evolution of carbonic anhydride then takes place, and as 
soon as this ceases and the contents of the flask have become solid, the temperature is 
raised for a short time to 160°, and the glycerin, after cooling, is removed by washing. 
A yellowish-white granular powder is then left, consisting of acid hydurilate of 
ammonium (p. 221). The glycerin takes no part in the reaction, but acts merely as a 
solvent. 

To obtain the free acid, it is best to convert the acid ammonium-salt into a copper-salt 
and decompose this salt with hydrochloric acid. The crude ammonium-salt is dissolved 
in boiling water, ammonia is added in slight excess, and solution of cupric sulphate is 
added to the filtrate. The liquid then assumes a dark-green colour, and, if hot* deposits 
on cooling red warty crystals of neutral hydurilate of copper. This salt is then de- 
composed by hot hydrochloric acid, and the hydurilic acid which crystallises out is 
washed with dilute hydrochloric acid and dried over the water-bath. 

Properties. — Hydurilic acid prepared as above forms a bulky white powder having a 
yellowish tinge ; by once ro-crystallising it from water, it may be obtained quite pure 
and colourless. It is very sparingly soluble in cold water, somewhat more in hot water, 
and crystallises therefrom on cooling in small four-sided prismsjpontaining 4 at. water, 
C t H*N 4 0 , .4H i 0. It is also but very slightly soluble in a/coAAdjrhich, however, does 
not precipitate it from the aqueous solution. — Sulphuric acid tmiolves it without de- 
composition, and on adding water, part of the hydurilic acid Afparates out again. In 
hydrochloric acid it is even less soluble than in water, and is gradually precipitated 
by it from the aqueous solution. From a hot concentrated solution in hydrochloric 
acid, or from an ammoniacal solution decomposed by hydrochloric acid, it separates 
as a crystalline powder consisting of rhombic tablets containing 2 at. water of crys- 
tallisation : C*H*N<0*. 2H*0. The water, amounting to 6 86 per cent (2 at. «■ 6*77) 
is giren off at 140°. 

Hydurilic fccid bears a tolerably high temperature without decomposition; it like- 
wise offers considerable resistance to the action of alkalis , being attacked but slowly 
and without blackening, by melting potash, with formation of oxalic acid. It is not 
attacked by reducing agents ; but oxidising agents , such as chlorine , bromine , nitric acid, 
oxide of silver , peroxide of lead, and scsquich l oride of iron , attack it very quickly, 
yielding various products. When heated with ferric chloride , it yields oxyhy- 



HYDURILIC ACIDC 2fl 

durilic acid, an acid not yet examined, but characterised by the blood-red colour 
which it produces with ferric salts. With a mixture of hydrochloric acid and chlorate 
of potassium, hydurilic acid yields dichloro-hydurilic acid, CIPCPN'O*. — 
Fuming nitric acid converts it into alloxan without any other product; but with 
citric acid of ordinary strength, it yields alloxan together with viol uric acid, 
vio lan tin and dilituric acid (ii. 965). If the action be carried on to the end, 
with aid of heat, the only product is dilituric acid* ; but if it be interrupted at an 
earlier stage, a mixture is obtained, varying in composition According to the duration of 
the action : 

C*H*N 4 0* + NHO* - C 4 H*N*0 4 + C 4 IPN*0 4 + IPO; 

Hydurilic acid. Violuric Alloxan. 

acid. 

C*H«N 4 0« + 2NHO* » C 4 H*N»0 4 + C 4 H*N*0 4 + NHO* + IPO. 

Hydurilic Dilituric Alloxan, 

acid. acid. 

Dilituric acid may indeed be regarded as a product of the oxidation of violuric acid, 
C 4 IPN*0* = C 4 H s N’0 4 + O ; and violantin, C“H a N # 0 9 , is a compound of the two. With 
nitrous acid , the same products are obtained. With nitrite of potassium and excess of 
nitrous acid, the products are violurate of potassium and alloxan: 

eH'N 4 0* + NKO* + 2NHO* - C 4 IPKN»0 4 + C 4 H a N*0 4 + 2IPO + 2NO. 

Hydurilic Violurate of Alloxau. 

acid. potunlum. 

Hydurilic acid is most distinctly characterised by the splendid dark-j^een colour 
which the acid and its salts produce in a solution of ferric chloride . Tho colour is 
destroyed by strong acids and alkalis, also by heat, tho hydurilic acid then decomposing 
and the colour changing to red. Characteristic also are the chalk-white precipitates 

( produced on adding hydrochloric acid to the alkaline solution, und tho reactions with 
lydroeliloric acid und chlorate of potassium and with nitric acid, just mentioned. 

Hydurilates. Hydurilic acid is dibasic, yielding both acid and neutral salts. It 
dissolves easily in ammonia, potash, and soda, forming moderately soluble salts; tho 
other hydurilates aro sparingly soluble or insoluble. These salts cannot, however, in 
general bo obtained by double decomposition, since the acid has a great tendency to 
form double salts ; they must therefore be prepared with the free acid. The acid 
decomposes most metallic chlorides, forming acid salts ; also acetates, with formation 
of neutral salts, excepting in the case of the ammonium- and potassium-salts. 

Hydurilates of Ammonium. — Tho acid salt, C 8 H 4 (NH*)N 4 O i , obtained bv 
heating dialuric acid in glycerin (p. 220), is nearly pure, having only a faint yellowish 
colour. It ia moderately soluble in boiling water, and separates, on cooling, in crusts 
nnd granules. By solution in hot dilute ammonia, and precipitation with acetic acid, 
it is obtained quite pure, in small octahedral crystals, which, however, soon lose their 
form. Strong acids remove only part of the ammonia. The crystals are anhydrous. 

The neutral-salt, C*H 4 (NH 4 )*0* is obtained by mixing the acid salt with ammonia, 
snd separates from a hot saturated solution by rapid cooling in needles containing 2 at. 
water ; it is also obtained in the same form bv precipitation with sulphide of ammonium, 
in which it is insoluble. The solution when left to stand, or slowly evaporated, deposit* - 
l»rge shining monoclinic prisms, with dihedral summits, containing 4 at. water, socT 
ellluroKcing, with loss of water and ammonia, when exposed to the air. (For Hummels- 
berg’s determination of the form of these crystals, see Ann. Ch. Pharm. cxxvii. 10.) 
The salt is moderately soluble in water, very easily in ammonia, and is completely 
precipitated therefrom by alcohol in amorphous flocks or in needles. 

Hydurilatc of Barium (neutral), C*H 4 Ba"N 4 0*.2H*O, is obtained as an amor- 
phous precipitate, which soon becomes crystalline, on adding a hot solution of hydurilui* 
acid to acetate of barium. 

Hydurilates of Calcium. — The acid salt, C ,a II l0 C'a"N H O ,t . 1 0 11*0, separates, an 
adding hydurilic acid to a solution of chloride of calcium, in small shining prisms* 
insoluble in water. The neutral salt, C"H , Ca"N 4 0*.6H*0, is obtained by decomposing 
acetate of calcium with hydurilic acid, as an amorphous precipitate, which becomes 
crystalline on standing. It gives off 2 at. water at 130°. 

Hydurilates of Copper.—' The acid salt , C' a H'*Ctf'N s 0 , *.16H*0, is obtained by 
adding cupric acetate to excess of hydurilic acid, or by mixing the acid with cupric 
sulphate. From concentrated solutions it separates in green needles; from more dilute 
solutions, in thin prisms of a shining yellow colour. It is decomposed by excess of 

• tVh’lnwr** "nltro.hyduriltc arid,'’ obtained bjr the action of hot nitric acid on byduritlc add, was 
Tz‘* dWturtc add containing potaah, derived from tho impure fajdurllic acid u»ed. (B aejre r, 

Ann. Ch. Fharm cxxvii. 211.) 



22? HYGRINE. 

strong acids. When heated, it gives off the whole of its water, and is converted into 
a red powder* of the anhydrous salt, which is also precipitated immediately from hot 
solutions. . ,, 

The neutral salt, C 9 H 4 (VN 4 0 S .8II 2 0, is obtained by adding hydurilic add to excess 
of cupric acetate, or by mixing the neutral ammonium- or sodium-salt %ith cupric 
sulphate. Cold dilute solutions yield a red precipitate of the hydrated salt, consisting 
of short needles ; warm concentrated solutions, a dark brown-red precipitate of the 
anhydrous salt The red salt is converted by heat into the brown salt , giving off it* 
water, but recovers it in contact in water. The salt is decomposed by excess of hydro- 
chloric acid, yielding hydurilic acid and cliloride of copper. 

Hydurilates of Iron . — The ferric salt is a dark green, easily decomposible pre- 
cipitate; the ferrous salt is a white precipitate which soon turns green. 

Hydurilate of Lead is a white precipitate, insoluble in acetic acid, insoluble in 
water, soluble in nitric acid; obtained by adding hydurilic acid to neutral acetate 
of lead. 

Hydurilate of Potassiu?n has not been obtained in definite form. A solution of 
hydurilic acid in potash mixed with acetic acid, yields hydurilic acid containing 
variable quantities of potash ; alcohol also throws down from the same solution a 
substance containing more potash than the neutral salt would contain. 

Hydurilate of Silver . — Acetate of silver forms with hydurilic acid small shining 
prisms, which soon turn grey : with a cold solution of hydurilate of ammonium, it 
forms a white precipitate ; with a warm solution, crystals which soon turn black. On 
boiling the silver-salt with water, silver is reduced, and the hydurilic acid is oxidised, 
forming oxyhydurilic acid (p. 221). 

Hydurilate of Sodium, C s H‘Na 2 N 4 0 6 .H 2 0, is obtained by acidulating a solution 
of hydurilic acid in strong soda-ley with acetic acid, and adding alcohol. The neutral 
salt then separates in small, colourless, shining prisms, which are moderately soluble 
in cold, easily in hot water. The acid-salt does not appear to exist. 

Hydurilates of Zinc. — The acid salt, (J 1 "H lo Zn / 'N* , 0 12 , crystallises from a solution 
of zinc-chloride mixed with hydurilic acid, in beautiful feathery groups of needles 
having a strong lustre. The neutral salt, C"H , Zn''N 4 O i .4H*O l separates on mixing 
hydurilic acid with excess of zinc-solution, as a white amorphous precipitate, which 
Boon becomes crystalline. 

Dloblorohydurilio add. C 8 H 4 CPN 4 O n . — This compound is prepared on adding 
chlorate of potassium by small portions, and with constant stirring, to a pasty mixture of 
hydurilic and strong hydrochloric acid, A snow-white powder is thus obtained, which is 
very slightly soluble in water, either hot or cold, and is most easily purified by dissolving 
it in strong sulphuric acid, which exerts but little action on it, but thickens when heated 
with it over the water-bath, and, on gradual addition of water, deposits the chlorinated 
acid in small rhofnbic crystals, containing C 8 H 4 CPN 4 0 8 .4IPO. It is especially per- 
manent in acid liquids, is not attacked by chlorine, and but slowly by warm nitric 
acid, with formation of dilituric acid, but is easily decomposed by alkalis. 

Dichlorohydurilic acid is a strong dibasic acid, which dissolves in alkalis, especially 
with aid of heat, and is reprecipitated by hydrochloric acid. The solutions turn red 
on boiling, yielding a metallic chloride, and an acid not yet examined. 

The neutral potassium-salt, C 8 H 2 K 2 CPN 4 0 a .4lI 2 0, crystallises from a warm solution 
of potash saturated with the acid in small, beautiful six-sided tables. It dissolves 
sparingly in cold, more readily in hot water. It retains its water of crystallisation at 
120° ; at a stronger hoat. it turns red and decomposes. # 

HTOltZSTB. (Wohler and Lessen, Ann. Ch. Pharny exxi. 374. — Lossen, 
Dissertation .) - An organic base occurring, together with wUbi'ne, in coca-leaves 
(i. 1059). To extract the two bases, the leaves aro exhaustfiWith rain-water at a 
temperature of 00° to 80° ; the united extracts are precipitated with neutral acetate of 
lead and filtered; the filtrate is precipitated with a saturated aqueous solution of 
sulphate of sodium, again filtered and concentrated ; and the concentrated liquid, after 
being rendered slightly alkaline by carbonate of 6odium, is agitated four or six times 
with ether to extract the cocaine. The remaining liquid mixed with an additional 
quantity of carbonate of sodium, and again shaken with ether, jdelds hygrine and a 
neutral oil having the odour of tobacco. These substances remain when tlie ether is 
distilled off; and on further heating the residue, till it boils, the temperature quickly 
rises to above 280°, and a brown alkaline oil distils over, while a black resin is left 
behind. When the distillate is maintained at 140°, for some hours, in a stream of 
hydrogen, the greater part passes over of a yellow colour (a), while the remainder 
volatilises only at 140° to 230°, and condenses to a thick brown oil (b). Hygrine is 
contained in both portions; that in b f however, is contaminated with a neutral oil; 
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that in a with an easily volatilised substance. To remove a little ammonia pgeaent , a 
| s converted into oxalate, the salt is dissolved in absolute alcohol, the solution 
evaporated, and the residue mixed with caustic potash, which separates the hygrine 
in Uie form of oiL The alkaline solution is heated to boiling in a stream of hydrogen, 
when the hygrine, dissolved in the water, passes over (by adding water to the residue 
and again distilling to dryness, a further quantity may be obtained), and is extracted 
from the distillate by ether ; on again distilling the ethereal solution, the hygrine 
remains behind. The neutral oil in b is removed by dissolving b in water containing 
hydrochloric acid, shaking the solution with ether, and separating the ethereal layer ; 
after which, the acid solution is supersaturated with caustic soda, and the hygrine 
taken up by ether, as in the treatment of a. (Los sen.) 

Hygrine is a thick, pale-yellow oil, having a strong alkaline reaction, a burning 
taste, and an odour of trimethylamine. It produces white clouds with the volatile 
acids ; distils very slowly with vapour of Water. It does not appear to be poisonous. 

Hygrine does not dissolve in water in all proportions. The aqueous solution forms 
a white precipitate with dichloride of tin, yellowish with sulphate of iron , light blue 
with sulphate of copper ; on boiling the solution, the copper precipitate becomes ■ 
grunular, but not brown. Hygrine forms white precipitates with chloride of mercury 
and nitrate of silver ; the silver precipitate quickly turns brown. 

Hygrine combines with hydrochloric acid , forming deliquescent crystals. The 
aqueous hydrochlorate forms a brown flocculcnt precipitate with di-iodide of potassium, 
red-white with dichloride of tin , white with corrosive sublimate , partly flocculcnt and 
partly in oily drops. With tetrachloride of vlatinum it forms dirty white-yellow (or red) 
flakes, which are decomposed by heating the liquid, and do not appear in very dilute 
solutions. Picric acid throws down from hydrochlorate of hygrine a yellow powder ; 
yallotannic acid , a white poecipitate. 

Hygrine dissolves in alcohol and in ether. 

HTOBOMSTSR. HTOROMETRT. A Hygrometer (byp6s, moist ; g.irpov % 
measure) is any instrument which measures the amount or degree of moisture in tho 
atmosphere. There are, however, several kinds of hygrometers which measure, or are 
said to measure moisture, by entirely different modes, and the problem itself — to esti- 
mate tho degree of moistness of the air — is found on examination to be quite ambiguous. 

It is therefore necessary to attend to tho principles of the subject. 

Principles of Hygnmetry. — Water, both liquid and solid, always tends to assume 
the gaseous form, and in so doing exerts an elastic force increasing as the temperature 
risrs. In fig. 565 the curve ABC* is drawn so as to represent the law of the clastia 
force of aqueous vapour : if the divisions along the horizontal axis represent the torn- 


Fig . 665. 



perature of the water in degrees Fahr., tho perpendicular lines drawn from them to the 
vnrxe, being measured, will give the corresponding force of its vapour estimated in the 
height of the column of mercury which it would be able to sustain. 

The elastic force obviously increases in a higher ratio than the temperature, and, in 
pruer that such increasing force may be exerted when water is confined in a given space, 
|t w necessary that a larger and larger quantity of water should become vapour. It is 
•rue that if the weight of vapour be not increased, it* elastic force will rise with its 
temperature, but in a much less ratio. For aqueous vapour, like any other gas, tends to 
expand by ^th part of it* volume at 32° F. for every degree of increased temperature. 

hus, if the vapour which rises from water at the temperature of 60° F. ana has the 
elaat^fmw *518 inch be confined in the same space, but apart from water, and 
,tS e ^ aK ** c force will rise in a manner represented by the straight line BE 
tl k )* ^ more wat>er present to supply additional vapour, the elastic force of 

IC w kole vapour would rise, as shown by the curve BC. 
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On the other hand, if the frapour at 60° F. be cooled , it will, as a gas, tend to exert 
an elastic force falling as the straight line BD. But the elastic force which liquid 
water exerts falls more rapidly, as shown by the curve BA ; hence part of the vapour 
must be condensed to the liquid condition until the elastic force of the remainder is 
not greater than that which rises from water at that temperature. The following 
definitions will now be understood. Aqueous vapour is said to be saturated , and of 
maximum elastic force, when any reduction of temperature, or any increase of pressure, 
would cause some of the vapour to be condensed. The temperature of saturated 
vapour is said to be at the dew-point. Thus aqueous vapour of 60° F. and of an elastic 
force of *518 inch is saturated, and 60° is its dew-point Any portion of aqueous 
vapour has a dew-point; for the temperature may always be reduced so low that a 
portion will be condensed by any further reduction. 

What is true of aqueous vapour alone is also true of aqueous vapour mixed with air: 
for it is a law that mixed gases do not exert their pressure upon each other. The 
only difference is, that vapour does not spread so rapidly into a space occupied by air 
as it does into a vacuous space. In an indefinitely small space , then, the vapour and 
air may be considered perfectly independent of each other. The larger the volume, 
the longer do we need to wait until diffusion has produced perfect mixture. * Air is 
said to be saturated with moisture when the aqueous vapour it contains is of maximum 
elastic force. The temperature of the air is then called its dew-point — for any reduc- 
tion of temperature would cause the condensation of some vapour in the form of dewy 
particles. 

The degree of humidity , or of saturation , is the ratio which the vapour in the air 
bears to what it might contain. (See Hkat, pp. 81, 83.) 

Condensing; Hygrometers are those which, by cooling the air until the contained 
vapour begins to be condensed, indicate the dew-point, and thus enable us to learn the 
elastic force of the vapour. Dalton first proposed this method of JJygrometry, using 
a cup of cold water. Le Roi proposed the use of ice for this purpose; and in 
the absence of any hygrometer, the dow-point may be ascertained very accurately, by 
exposing to the air a small bright metal cup, for instance a platinum crucible, 
containing water cooled by ice or by some salt, such as sal-ammoniac or nitrate of am- 
monium, dissolved in it. The water is to bo stirred with the bulb of a small thermometer, 
and the degree noted at which dew begins to form or to evaporate on the bright metallic 
surface. 


. Daniell’s Hygrometer was the first accurate instrument invented, and may still be 
used to determine the dew-point with considerable ease and exactness ( DanidVs 
Meteorological Essays, p. 127). It consists (fig . 566) of a 
Bmall glass siphon, at each end of which is a thin glass 
bulb about if inch in diameter. The longer leg ab is 
about 4 inches long and contains a small but very delicate 
thermometer, the bulb of which is within the terminal 
glass ball. The siphon contains so much common ether 
ns when poured into the lower bulb c will rather more 
than half cover the enclosed thermometer-bulb. Before 
the tube is sealed up, the. ether is boiled, so as to drive out 
the whole of the air. The essential part of the instru- 
ment is completed by covering the upper bulb d with 
muslin and gilding u part of the lower bulb. It is now 
usual, however, to make this lower bulb of black glass. 
The siphon-tube is placed for use upon the little stand 
which contains the second ther monaetfer f in order that 
the temperature of the air may bart observed at the same 
time as its dew-point. 

To make an observation, all ether within the 
instrument is first poured into the lower bulb. Then 
taking a bottle of common ether, a few drops are poured 
upon the muslin of the upper bulb. Its evaporation cools 
the bulb and condenses the ether vapour within. Fresh 
vapour flows along the bent tube from the lower bulb, and, 
in the manner of Wollaston's cryopkorus, the tempera- 
ture of this lower bulb is gradually reduced, until the dew-point of the surrounding 
air is reached, and dew may be observed forming upon the gilded or blackened surface 
of the bulb. The dew-point, as shown by the included thermometer, is then to be 
read, but accuracy is only to be attained by observing several successive depositions 
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• A neglect of this fact has led many eminent meteorologist* to consider the atmosphere m com- 
' of two independent atmospheres, namely of aqueous vapour and of the other gases. Nothing can 
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god evaporation* of dew in a manner folly described under the bead of RegnauM'e 

Hj'fw hygrometer of Darnell, however eluant and pleasing in theory, has many 
sources of inconvenience and inaccuracy* The expenditure of ether is considerable and 
costly, and in a hot and diy climate it is very difficult to obtain any deposition of dew, 
during the long-continued manipulation and close observation of the instrument which 
is always necessary. The warmth and moisture of the hand and body are sure to affect 
the indications of both thermometers. The cold ether vapour flowing from the upper 
bulb may also cause inaccuracy. The last and most important objection is that cold 
is produced only at the surface of the ether in the lower bulb, and there is no agitation 
of the liquid to ensure uniformity of temperature. Hence the internal thermometer 
may often indicate a temperature some degrees different from that at which dew is being 
deposited. This objection is partially remedied by making the lower bulb oblique, so 
that one part of it shall be nearly in contact with the thermometer-bulb within. 
Daniell, well aware of this objection, remarks that dew will first be deposited in * 
circle round the bulb near to the surface of the ether, and directs that the thermometer- 
bulb shall be placed so as to be cut by the surface of the ether. 

Subsequent to Daniell's invention, several dew-point instruments were devised, in 
which the evaporation of ether was made to cool the bulb of a thermometer and cause 
a deposit of dew, either upon the bulb or a metallic capsule in a more simple manner. 
Such is that of Jones (Phil. Trans. [18261 cxvi. pt. ii. 63). Of a similar nature are 
the kygromltre d capsule and the hygrometre a virole (Tor of Pouillet (l£l4m. de. 
Phvs. [7th ecL 1856] ii 739). That of M. Belli (Ann. Ch. Phys. [3 ] xv. 506) is 
different and very ingenious, giving a continual indication of the dew-point. 

0 on n ell’s Hygrometer , very lately proposed, and to some extent, we believe, brought 
into use, consists of a thermometer with its bulb immersed in ether, contained within 
a small metal globe. A common exhausting syringe is used to cause the evaporation 
of the ether, and the dew-point is then ascertained, exactly as in DanieU’sor Regnault’s 
hygrometer. This method presents some slight advantages over Daniell’s, but retains 
all its worst causes of error ami inconvenience. It is also an expensive instrument, and 
cannot compare with Regnault’s Condenser Hygrometer either in theory or in practice. 
It is described in the Transactions of the Royal Society of Edinburgh xxi., and Phil. 
Mag. [4] viii. 81. 

Dr. George Cumming’s Hygrometer (Quar. Jour, of Sci. &c. 1828, Jan. to June, 
p. 403) seems first to have introduced a method now finally adopted as the best. It 
consisted {fig. 66 7) of a thin glasB or metallic tube 
containing a delicate thermometer enveloped in 
*jH>ngo or other porous substance, upon which a 
little ether was to be poured. Almost any degree 
of artificial cold could then be produced by a stream 
of air from apair of bellows, or other pneumatic 
contrivance. The only important objection to this 
instrument is the presence of a spongy or porous 
substance, which would prevent perfect uniformity of 
temperature within the tube. 

Dobereiner further proposed a hygrometer in 
’which a current of air from a forcing pump is made 
to traverse the ether, disposed as in Daniel! 1 s instru* 
incut, and thus produce cold by evaporation. (Pogg. 

Regnault's Condenser Hygrometer (Ann. Ch. 

Phys. [3] xv. 129) may bo described os a perfect 
^rument of its kind. In its complete form {fig. 
o68) it consists of a very thin and brightly polished 
silver thimble a, 45 mm. high and 20 rom. in 
« to the glass tube 6, which again is 

^ small lateral tube f, and the metallic 
a* -° ^ stand. The upper end of the glass 
° u dosed by a cork, bearing a thin glass 
descending nearly to the bottom of the silver 
ruble and a very delicate and accurate thermo* 

.”f r ’ ™ pear-shaped bulb of which is in the centre 
ne thimble. A. second exactly similar thermo- 
placed within a glass tube and silver 
* 18 On the other side of the stand, 

m not penetrated by any gbiss tube, 

y UL ° “ observation, so much good ether is poured into the tube b os will rather 


Fig. 667. 
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more than fill the thimble to the level l t and the cork being fitted in air tight, the in 
strument is put in connection, by means of the caoutchouc tube < 7 , with a common as pi* 
rator, by which an exactly regulated flow of air through the instrument may be obtained 
The aspirator, which may have a capacity of 3 or 4 litres (3 or 4 quarts) is placed close 
•to the observer, and the hygrometer may be at some distance, for instance outside a 
window, being observed, if necessary, with a telescope. 

Now when water is allowed to flow from the aspirator, air is drawn through the 
tube, and bubbling up through the ether, causes a more or less rapid evaporation. The 
temperature of the ether is thus slowly reduced, and from its constant agitation by the 
Stream of air, the silver thimble and the thermometer-bulb are maintained at an exactly 
similar temperature. After a minute or two at the most, dew will begin to form on 
the thimble and will be very visible on its brightly polished surface. The ther- 
mometer is instantly to be read, and the stream from the aspirator to be stopped. 
Suppose that the reading observed is 481° R, the deposit of dew may increase for a 
few moments, but will soon begin to evaporate again, the thermometer rising. At the 
moment that the dew entirely disappears, read the thermometer again ; let it be 49 3 . 
Considering that dew requires a short time to form or evaporate in a visible degree, it 
is obvious that the dew-point lies between 48' 1 and 49*3. Let an exceedingly slow 
current of air be now drawn through the ether, so that the thermometer is very 
gradually reduced to 49*2, 49' 1 , 49 0 , and so on. The point at which dew first appears 
may now be observed with much greater accuracy ; let it be 48*8. Still it is probable 
that 48*8 is somewhat below the exact dew-point. If, when the current is stopped, the 
small deposit of dew vanishes at 49 0, we may consider the mean, or 48*9, to be the true 
dew-point ; but if necessary we may, by still slower procedure, approximate even more 
closely. “All these operations,” observes M. Regnault, “ take more time to describe 
than to execute; with a little practice, three or four minutes are sufficient for deter- 
mining the dew-point almost within of a degree Centigrade.” 

At the same time, the second thermometer is to be read, to give the common tempe- 
rature of the air. From its parallel circumstances and position, its indications would 
be exactly similar to those of the other ; hence the difference of the two gives the depres- 
sion of the dew-point free from almost all kinds of error. It is obvious that all the 
objectionable points in Daniell's hygrometer are avoided in this admirable instru- 
ment. The only remaining objection is the inconvenience of keeping or carrying about 
a large aspirator, and frequently filling it with water. In the Kew Observatory, the 
•aspirator is in the form of a circular bellows, to the lower movable board of which a 
weight is attached. Mr. Welsh also proposed to expand the upper end of the tube e 
into a small funnel by which fresh ether may readily be introduced. 

Lieut. Noble has obtained dew with this hygrometer, at all temperatures down to 
— 36°, the limit of graduation of his thermometer, the only requisites when the dew- 
point is very low being patience and pure ether. (Phil. Mag. [4] xi. 305.) 

Several London instrument-makers have rendered this instrument less expensive by 
omitting the second thermometer and its appendages. They have likewise substituted 
a closed tube of black glass for the polished silver thimble. This is, on the whole, an 
improvement, for the dew is even more visible on the black surface, and the difficulty 
of maintaining the silver bright is avoided ; but on the other hand the uniformity of 
temperature is not so rigorously ensured. As regards the 
temperature of the air, we think it is best learnt by an ordinary* 
thermometer freely exposed, and that Regnault’s parallel ar- 
rangement of the second thermometer, although beautiful in 
theory, is actually erroneous and undesirable in the ordinary 
use of the instrument. : 

Except, however, for refined researcl^s or long continued series 
of observation, a much simpler apparmfei will serve. The prac- 
tical chemist has only to take a corqKbn test-tube, containing 
about lj inch depth of ether, insert somewhat loosely a delicate 
tube-thermometer and glass tube, as shown in Jig. 569, and gently 
blow with the mouth through the bent tube a, and the whole 
process of observation can be conducted almost as well aa in 
Regnault’ s complete instrument. It ia necessary to have the 
tube a of considerable length, that the moistness and warmth of 
the body and the breath may not affect the air surrounding the 
tube. The writer had used such an apparatus daily for many 
months before noticing that Regnault mentions its successful 
use. 

Hygrometry by -Dr. Hutton of Edin- 

burgh first suggested that the degree of cold produced by the evaporation of water in the 
bit, Would depend upon and therefore indicate the moistness of the air. Leslie again 
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very distinctly stated this principle (Leslie, On the Relations of Air to Beat and 
Moisture, 1813, p. 39), and reduced it to practice by covering one of the bulbs of hi* 
differential air-thermometer with wet muslin. The motion of the column of water 
towards the moist bulb, of course, shows the depression of the temperature of evapo- 
ration. This hygrometer might yet, we think, be often used in certain researches, and 
might be added to the common weather-glass. s 

The Dry - and Wet-Bulb Hygrometer, called on the Continent the Psychromcter (rfmxpbs, 
cold; torpor, measure), is formed of two similar delicate thermometers placed in a 
gentle current of air, the bulb of one thermometer being covered with muslin and kept 
moist by a cotton thread leading from a small reservoir of rain or distilled water. The 
dry-bulb thermometer indicates the true temperature of the air ; the other will be 
found to remain stationary at a temperature said to be that of evaporation, which is 
usually several degrees below that of the air. In saturated or moist air, the thermo- 
meters read alike ; the difference increases in some proportion to the dryness of the air 
and may be used as a sufficient measure of the dryness in many practical matters) 
such as the ventilation of dwelling-houses, halls, plant-houses and so on. 

From observations of the dry- and wet-bulb thermometers, it is further possible, by 
means of tables previously determined by experiment, or by calculation from a priori 
principles, to determine the existing tension of aqueous vapour, and other hygronietric 
data. The most trustworthy table for such reductions is the following, which has been 
obtained by Mr. Glaisher from the combination of all the simultaneous observations 
of the dry- and wet-bulb thermometers with Daniell’s hygrometer, taken at the Koyal 
Observatory, Greenwich, from the year 1841 to 1854, with some observations taken at 
high temperatures in India, and others at Toronto. 


Tab lb I. To obtain the dew-point , multiply the difference of reading of the thermo- 
meters by the factor opposite the dry-bulb reading , and subtract the 'prodtu't from the 
dry-bulb reading. 


Dry-bull 
1 thcmio- 
J mi'icr F. 

Factor, 

: Dry-bulb 
i thermo- 
| meler F. 

Factor. 

Drv-bull 
thermo- 
meter F. 

Factor. 

Dry-bulb 
thermo- 
meter F 

Factor. 

10° 

8*78 

33° 

301 

60° 

1*94 

78° 

1*69 

U 

878 

1 34 

2*77 

57 

1 92 

79 

1*69 

12 

8*78 

35 

2*60 

68 

1 90 

80 

l 68 

13 

8*77 

36 

2*50 

69 

1*89 

81 

1 68 

14 

8*76 

37 

2*42 

60 

1-88 

82 

1*67 

15 

8-76 

38 

2*36 

61 

1*87 

83 

1*67 

16 

8*70 

39 

2*32 

62 

1 86 

84 

166 

17 

8*62 

40 

2*29 

63 

1*85 

86 

1 66 

18 

8*60 

41 

2*26 

64 

1 83 

86 

1*66 

19 

8*34 

42 

2 23 

65 

1*82 

87 

1*04 

20 

8*14 

43 

2*20 

66 

1 81 

88 

1 64 

21 

788 

44 

2*18 

67 

1*80 

89 

1*63 

22 

7 GO 

46 

2 16 

68 

1*79 

90 

1 63 

23 

7*28 

40 

2*14 

69 

1 78 

91 

1*62 

24 

6*92 

47 

2 12 

70 

1 77 

92 

1*62 

25 

6 53 

48 

210 

71 

1*76 

93 

1-61 

26 

6*08 

1 49 

2 08 

72 

1*76 

94 

1*60 

27 

6*61 

50 

2 06 

73 

1*74 

95 

1*60 

28 

5*12 

61 

204 

74 

1 73 

96 

1*69 

29 

4*63 

62 

2*02 

76 

1 72 

97 

1*69 

30 

415 

63 

2*00 

76 

1-71 

98 

1*68 

31 

3*70 

64 

1*98 

77 

1*70 

99 

1*58 

32 

3*32 

65 

1*96 






exam P* e » * et thediy-bulb thermometer stand at 64*3° F., and the wet-bulb at 


84*3 — 60*8 ■* 3*5 ** difference of readings. 

The factor to be used is 1*83 opposite 64°, the nearest degree to 64*3: 

64*3 — 3*5 x 1*83 *« 67*9° =* dew-point. 

from Sc? ll* M x *- 304, »* a table for reduction of dry and wet-bulb readings 

• h* - L . F, down to — 16°, giving also the probable error and measure of precision ot 
determined by Lieut. Noble from observations at Toronto, 
e ary- and wet-bulb thermometer having long become the ordinary working 

a 2 
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fig. 670. 


°D 


hygrometer of the meteorological observer, Mr. Glaisher has wid much attention to the 
perfecting of the instrument in every detail. He has finally adopted a pair of m 
* delicate thermometers (see Jig. 670) about one foot long, and with 

small spherical bulbs of thin glass of about i inch diameter. 
They are mounted upon metal scales graduated from about - to® 
to + 130° F. and fixed parallel to each other from 2 to 4 inches 
apart upon a metal cross piece. Care is taken that each pair of 
thermometers is as exactly similar as possible. The bulb of the 
wet thermometer is covered with thin muslin, round the neck of 
which is twisted a conducting thread of lamp- wick, common darn- 
ing cotton, or floss silk ; this passes into an adjacent vessel of 
water placed about three inches distant from tne wet bulb, a 
little beneath it, and on the opposite side to the dry-bulb ther- 
mometer. It is a very objectionable practice to place a long 
glass cistern between the two thermometers ; for the water will 
seldom be of exactly the same temperature as the surrounding 
air, and will tend slightly to vitiate the readings of both thermo- 
meters. The writer prefers for a cistern a short narrow-necked 
glass bottle, from which but little evaporation will take place. 
The water must be either rain or distilled water. Care must be 
taken never to record any readings when the bulb is not 
thoroughly moist all over. As dust and saline particles gradually 
settle on the wet muslin, it is well to re-cover the bulb and supply 
I a fresh wick about every month. Before use, too, each wick 
should be washed in a solution of carbonate of soda, and pressed whilst under water 
throughout its length. The supply of water to the bulb can be easily regulated by 

raising or lowering the cistern. . _ , A , , , ... 

In taking an observation, the dry-bulb thermometer is first to be read, because it la 
most liable to change ; the wet-bulb is then to be read, the two readings to be recorded, 
and a comparison with the thermometers made, to secure the correct number of whole 
degrees. The observer must follow the directions under the article Thermometer, as 
regards placing the instrument, correcting the thermometer-readings, &c. 

The dry- and wet-bulb hygrometer continues to act even when the water is frozen, 
since evaporation still takes place ; but especial care must be taken that the bulb really 
is covered with ice, and if not, water must be poured upon it, and the observation 
delayed till the water be frozen, and the thermometer sink to a constant reading, in 
frosty weather it is best to wet the bulb after every periodic observation, or at least 

ten minutes before the next. , , . - , 

Theory of the Fsyckrometcr,— Although we may ascertain the dew-point from read- 
ings of the dry- and wet-bulb thermometers on purely experimental grounds, as in using 
Glaisher’s factors, the subject also admits of mathematical investigation. Mr. Ivory 
first solved the problem (Phil. Mag. [3] lx. 80) with substantial correctness. August 
of Berlin, andBohnenberger, showed the coincidence of the theoiy with experi- 
ment, and determined the constants with accuracy (August, Uebcr die Fortschntti 
der Hvqrometrie in der Neuesten Zeit , Berlin, 1830.— Boh nenberger, Tubingen Bat. 
Hist Son. Memoirs , vol. ii.). But the subject is best known in England from 
Dr. Apjohn’s excellent results (Phil. Mag. [3] vi. 182; vii. 266, 470; xiu. 261). 

We now give the investigation as it is stated by Regnault after the method oi 

The^evaporation of a liquid involves the conversion of sensible into latent heat, and 
the supply of heat must be drawn from the liquid evaporated, from the remaining 
liquid, or from surrounding objects. When air is in contacjwith the moistened bulb 
of a thermometer, the evaporation of the water will reduce tlfpemperature of the bulb, 
but the fall of temperature will be checked by heat communicated from the remainder 
of the air. At Borne point, the amounts of heat subtracted and communicated will ne 
equal, and an invariable temperature of evaporation will be the result. 

Let us suppose, with M. August, that the portions of air successively m contac* 
with the moist thermometer-bulb become thereby perfectly saturated with moisture, 
and are reduced to the temperature of the bulb. , 

Let w — weight of stratum of dry air surrounding the bulb at 0 C., and un 
tne pressure of 0*760. 
h height of barometer, 

t _ temperature of surrounding air given by the dry-bulb thermometer. 

C mm temperature of evaporation, or the reading of the wet-bulb thermometer, 
/and/- the elastic forces of saturated aqueous vapour for the temperatures 
<and<\ . . v • 

* .m the actual elastic force of vapour in the air at the time. 
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Id tfa« stratum of air surrounding the bulb, the aqueous vapour exerts the elastic force 
/, and the air consequently exerts the elastic force h —f. The weight of dry air is then 

to . -1 . . h -^£, 

fu? 30 ’ 

a being the coefficient of expansion of a gas for every degree of temperature* The 
weight of vapour already in this air is 

1 + af' 30 

in which 8 represents the specific gravity of aqueous vapour in relation to air* The* 
weight of vapour added by contact with wet bulb similarly is 

/=5. 

l + «*' 30 

Now, if y be the specific heat of air, the quantity of heat disengaged by the dry air 
in cooling from t to t* is 

"ihrc^w •<*-<’>. r 

Similarly k being the specific heat of aqueous vapour, the quantity of heat disengaged 
by the vapour previously in the air is 


, 1 

tv 9 -7 

1 + at 




k. 


Lastly, lot X be the latent heat absorbed by wuter, when becoming gaseous between 
the temperatures t and t\ 

The quantity of heat absorbed will be 

1 /-* 

30 


u> 8 - 


• X. 


1 + a t' 

Now when the temperature of evaporation is constant, this heat absorbed In evapo- 
ration must be equal to that given out by the air and tho other portion of vapour; 

or we have, by equating them and striking out the factor w • 1 * 


whence 


1 + 

1 (A-/) <<- 0 + * * * (<- O - * A (/*-*) ; 


30' 


1 + &(f-o 


1 + * (*-0 


f- 


£<‘-0 


1 ♦*<*-'> 


Inserting values of the known quantities, namely, for y, 0*2069, for k, 0*2669 (the 
specific heat of aqueous vapour being assumed equal to that of air), for 9, the specific 
gravity of aqueous vapour, 0*6236, and for X, the latent heat of aqueous vapour, 
640-**, according to the law of Watt, and neglecting some of the smaller terms, 

August obtains the formula x 


- 0*568 (t — t') 

J 640 - 


h t the temperatures being 


expressed in centigrade degrees. 

liegnault, using more accurate data, namely, for 8, 0 622, and for A, 610 — f 
(> =* k *» 0*2669 as before), modifies this to 

0 429(tf-O l 

Xsa f 610 — 1? * 

Experimentally, Regnault has found that the formula x — f — ^ « A 

gives an almost perfect coincidence between the calculated and true results, when the 
air is not more than A saturated. Otherwise the first coefficient 0*429 is to be pre- 
ferred. 

/I he formula which has been most used in the reduction of dry- and wet-bulb 
observations is that obtained by Dr. Apjoha, In the Greenwich observations it is 
given as follows : 

96 ’ 30 

The first formula is to be used when the reading of the wet-bulb is above 32° 
and the second when below. In the above, d is the difference of the dry- and wet-bulb 
fadings, A the height of the barometer,/ the elastic force of vapour for the temperature 
? * he ****Au/6, to be taken from Table IL, and F the elastic force of vapour at the 
•v-point, from which the dew-point may be found, if necessary, by the table* 


F -/- — . — 
J 88 30 
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From a statement in DanieWs Meteorology [Essays, 1856] ii. 100, it would seem that 
the errors of results obtained by Apjohn’s formula, lie within closer limits than tho se 
obtained by Glaisher’s factors. 

Taking the expression in the form 


F — /— m.d. 


h-f 
80 ’ 


*0139 
01149 
*01151 
•0115 
*0114 
•0114 
*011398 
•0118 
•0112 
•01135 

nations has been somewhat 
Cli. Pliys. [3] xv.), for he 


f 

the term with ~z being inconsiderable except at great heights, the following values 
30 

of the coefficient m have been given (fur degrees Fahr.) 

Ivoiy 

Apjohn — a priori calculation 
„ experiments on dew-point 

„ „ refrigeration 

„ other experiments 
Bohnenberger — first 56 observations 
„ second 45 „ 

Kaemtz above 32° F. . 

„ below 32 F. , 

Kupffer above 32 F. 

The supposed great accuracy of many of these determi; 

shaken by the later experiments of Regnault (Ann. 
finds that the temperature of evaporation is not invariable, but sinks lower, the greater 
tne rapidity with which the air surrounding the wet bulb is moving. He is thus led 
to doubt the soundness of August’s assumption, that the stratum of air surrounding the 
wet bulb is always saturated and of the same temperature as the bulb, and he considers 
that the radiant heat falling on the bulb is an element not to be neglected. The 
ordinary formulae, however, may be considered sufficiently accurate as long as the 
velocity of the air does not excoed 6 or 6 metres (16 to 20 feet) per second. 

Wequite agree, however, with Dr. Drew (‘‘Practical Meteorology,” p. 169), that the 
problem of the dry- and wet-bulb thermometers is still quite open to fresh investigation. 

Ht/qro metric' Calculations . — Having found the dew-point of the air, it is 
usually required to deduce other data concerning the moistness of the air. The 
necessary calculations are a little intricate, but have been brought to a very satisfactory 
state of accuracy by Mr. G la is her, whose excellent hygrometrical tables for the dry- 
and wet-bulb thermometers, give all the necessary deductions from the readings of 
the thermometers, almost without calculation. These tables are quite indispensable to 
any person who has frequently to make hygrometrical calculations, but the ingenious 
hygrometric sliding rule of Mr. Welsh (Brit. Assoc. 1861; Trans. Sec. p. 42), as 
manufactured by Adie, will also give most of the required results mechanically. Wo 
can here only enter the subject briefly. 

The elastic force of aqueous vapour in the air is the same as the maximum elastic 
force at the dew-point, and we, therefore, ascertain it by referring to the temperature 
of the dew-point in a table of the maximum elastic force of vapour. The following 
table (II.), having been calculated from the experimental results of Regnault, is the 
most reliablo of the kind. 

' If there be -a fractional part of a degree over, multiply it into the next following differ- 
ence in the third column (dividing by 10 if a decimal), and add the result to the 
number opposite the whole degree. 

This table differs somewhat from that adopted by the Royal Society in their 
“Report on Physics” (p. 89), and from several others calculated from older and less 
trustworthy experiments than those of Regnault. £ 

To find the weight of a cubic foot of aqueous vapour of jgfl^iraum tension at any 
temperature t , let K t be the elastic force at that temperatuif*.’ Then since 258 '448 
grains is the weight of a cubic foot of vapour at 2 1 2°, of an elastic force of 30 inches, 

258*448 grains x ^ would be the weight of a cubic foot of the vapour saturated at 

temperature t, after it has been heated up to 212° and kept under the same pressure 
Ef as before. Since a gas expands 0*3665 of its own volume from 32° to 212°, or 
0*0020361 for each degree Fahr., 

OKfi .. Q . E t 1-3665 

2fi8-“8 e™” 8 X 30 X IT -0020361 

will be the weight of a cubic foot of vapour saturated at the temperature t. From thi» 
formula, the numbers in Table III. (p. 232), column 2, were obtained. 

When the air is saturated with vapour aud the temperature of the air of evaporation 
and of the dew-point coincide, the required weight of vapour in a cubic foot of air in ay 
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Tablm I L Showing the Maximum Mastic Forte of Aqueous Vapour in inches of 
Mercury for every degree Fahr, from. 0° to 100°. 



be taken at once from the formula or tal>Je. In all other cases, however, since vapour 
above its dew-point expands like any other gas, we must have 

Actual weight of a ) Weight of a cubic foot ) Volume at dew-point ^ 

cubic foot of vapour [ of vapour at dew-point^ volume at temperature of air# 

The weight of a cubic foot of dry air is easily calculated from the following data of 
Iiegnault. Dry air expands by 491 1 3 or '0020361 parts of its volume at 32° F. for 

every increase of 1° of heat, and a cubic foot of dry air at .32° under a pressure of 30 
inches of mercury weighs 566 85 grains. Thus are calculated, for a pressure of 
30 inches of mercury, the numbers in column 3 of Table III. 

If a cubie foot of dry air and a cubic foot of aqueous vapour of the same tempera- 
ture be mixed together and compressed into a cubic foot of space, the elastic force of 
the mixture will be the sum of the elastic forces of the air and vapour. In order 
that the mixed or moist air may have the same elastic force as the dry air previously, 
it must be allowed to expand, in the proportion of the elastic force of the dry air to the 
sum of the elastic forces of the air and vapour. 

Thus, if J£ t a, clastic force of vapour at temperature t 1 . , 

and p mm elastic force of moist air — say the atmospheric pressure as shown by 
the barometer 

we have p — F t elastic force of dry air, 

m >4 volume of m oist a ir p 

volume of dry air p — * 
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1 

2 

3 

4 

1 

2 

3 

4 

Tempe- 

rature 

°F. 

Weight of 
aeuiiic foot 
of sat orated 
vapour. 
Grain*. 

Wei gi»t of a 
cubic foot of 
dry air. 
Graim. 

Weight of a 
cubic foot of 
air saturated 
with vapour. 

Grains. 

Tempe- 

rature. 

°F. 

Weight of 
a cubic foot 
of saturated 
vapour. 
Grains. 

Weight of a 
cubic foot of 
dry air. 
Grains. 

Weight of a 
cubic foot of 
air saturated 
with vapour. 

Grains. 

o 

0*55 

606*37 

606*03 

56 

5*04 

540*45 

537*45 

6 

0-68 

599*83 

699*40 

67 

6 21 

539*40 

636*30 

10 

084 

69344 

592 94 

68 

5*39 

538*36 

635*15 

15 

104 

687*18 

586*55 

69 

6*58 

537*32 

634*00 

20 

1*30 

681*05 

580-26 

60 

5*77 

536*28 

532*84 

25 

1*61 

575*05 

574*08 

61 

6*97 

535*25 

531*69 

30 

1*97 

569 17 

667 99 

62 

6*17 

634*22 

530*55 

32 

2*13 

566*85 

565*58 

63 

6 38 

533*20 

529*42 

35 

2*39 

663*42 

561*99 

64 

6*59 

532*18 

528*28 





65 

6*81 

531*17 

527*14 

40 

2*86 

567*77 

556*03 

66 

7*04 

530*16 

626*01 

41 

2 97 

556*66 

554*86 

67 

7*27 

529*15 

624*86 

42 

308 

555*55 

553*69 

68 

7*51 

528*14 

623*71 

43 

3*20 

654*44 

552*52 

69 

7*76 

627*14 

622*56 

44 

332 

553*34 

651*35 

70 

8*01 

526*15 

521*41 

45 

3*44 

652*24 

550 19 

71 

8*27 

525*16 

520*27 

40 

3*56 

651*15 

549 02 

72 

8*54 

524*17 

519*12 

47 

3*69 

550*06 

647*85 

73 

8*82 

523*18 

517*98 

48 

3 82 

548*97 

646*69 

74 

9*10 

622*20 

516*83 

49 

3*96 

547*89 

545*53 

75 

9*39 

621*22 

515*69 

50 

4 10 

646*81 

544*37 





51 

4 24 

546*74 

543*21 

80 

1098 

516 39 

509*97 

62 

4 39 

544*67 

542*06 

85 

12*78 

511*65 

504*19 

53 

4*55 

643*61 

540*89 

90 

14*85 

506*99 

498*43 

54 

4*71 

542*55 

639*75 

96 

17*18 

602*41 

492*56 

55 

4*87 

641*50 

638*60 

100 

19*84 

497*93 

486*65 


Thus one cubio foot of dry air, after becoming saturated with moisture, expands into the 


volume 


if it bo confined under the same pressure as before. 


1 - — 1 

V 

We may now find the weight of a cubic foot of air saturated with aqueous vapour at 
any temperature : for it is obviously 

(Weight of cubic foot of dry air + weight of cubic foot of vapour) x - . 

Thus are obtained the numbers in column 4 of Table III. When the dry- and wet- 
bulb thermometers read alike, wo have at once the weight of a cubic foot of the 
atmosphere for the barometric pressure of 30 inches. For any other height of the 
barometer we must multiply by this height in inches and divide by 30. When the 
air is not saturated, we must subtract the following : * 

Weight of cubic ttot of vapour at dew- 

/Weight of cub. > J weight of cub. ft.\ feP*— — 

Vft of dry air $ "" (of saturated air J Weight of cubic foot of vapour at tem- 

perature of air : 

from the weight of a cubic foot of dry air, and reduce tne result as before to the 
barometric pressure at the time. 

The Degree qf Humidity represents the proportional saturation of the air with 
moisture, decimally expressed, so that saturated air has the degree 100, and perfectly 
dry air the degree 0. It is found by dividing the weight of vapour (Table IIL 
column 2) at the dew-point by the weight which would be present at the temperature 
of the air, if it were saturated. Some writers use the corresponding elastic forces of 
the vapours at the dew-point and temperature of the air (Table II.) in place of the 
weights of vapour, but the results are nearly the same. 

Chemical Method of Hygromttry. The chemist may always avoid the 
di fficult^* attending the use of hygrometer* by absorbing the aqueous vapour from 
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any riven volume of air and 
actually weighing it upon the 
chemical balance. The necessary 
apparatus {fig. 571) consists of a 
common aspirator a and two U- 
■haped drying tubes b t c, con- 
taining fragments of pumice-stone 
soaked in strong sulphuric acid. 

The aspirator being full of water, 
the second tube c is detached, 
weighed accurately, and again 
attached on one side to the other 
drying tube 5, on the other side 
to a long perfectly dry tube d, 
by means of which air from any 
required point, as for instance 
from the open atmosphere out- 
side the laboratory window, may 
be drawn through the apparatus. 

The fixed drying tube b is employed to prevent any vapour passing baek from 
the aspirator. Kegnault took great pains to ascertain the least necessary size of the 
weighed drying tube. lie generally indeed employed two weighed tubes, each O' 18 
metre in height* filled with large fragments of pumice-stone. But the second tubo 
rarely gained 1 or 2 milligrammes in weight, and chiefly served to afford a proof 
that the absorption by the first tube was complete. It is probably best thereforo 
to dispense with a second weighed tube, as the increased error in weighing the larger 
apparatus will probably be greater than the minute weight of vapour which may be 
lost Additional accuracy may always be had by increasing the volume of air passed 
through the tube. 

A determinate volume of water having been allowed to flow slowly and uniformly 
from the aspirator by the tap e, an equal volume of air, of course, passes through the 
tube c, and becomes desiccated. The weight of vapour absorbed is learnt by again 
weighing the tube c, but to determine the corresponding weight of air with accuracy, 
wo must read the temperature at the end of the experiment by a thermometer placed 
in the centre of the aspirator, and likewise observe tho barometer, then performing 
the calculation as directed on page 230. 

This method may also be used to determine the amount of water suspended in tho 
fur in the form of mist or cloud. Tho weight of the watery particles is the excess of 
the whole weight absorbed over tho maximum weight of vapour (saturated) as given 
in Table III. column 2. 

The chemical determination of vapour has been fully considered by B r u nner. (Ann. 
Ch. Phys. [3J iii. 309.) V 

The chemical method might obviously bo used to determine the average amount of 
vapour in the air during any period of time. It is only necessary for this purpose that 
a perfectly uniform stream of air pass through the drying tubo throughout the period. 
The total weight of vapour absorbed, divided by the total weight of air passed through, 
gives the recjuired result. Such a process was proposed by Hr, Andrews (Brit. 
Aaaoc * 1851, Trans, of Sec. p. 29), who has also described an aspirator suitable for the 
purpose (Phil. Mag. [4] iv. 330), and we know not why it is not adopted, at least in 
some of the principal observatories. 

HjrgroMoplo bodies. Most organised structures expand or contract according to 
their state of moisture or dryness, and many organic substances to such a degree that 
Ve 7 d®^ 0 *** indications of hygrometric changes. Thus a thin shaving of 
whalebone laid on the hand instantly curls up, and a slip of whalebone furnished with 
i P lying * n ^ ex formed the hygrometer finally adopted by Deluc (Phil. Trans, 
“xxi. 419). An ivory hygrometer was also constructed by Deluc (Phil Trans. 
1*773] p. 404) and Leslie (Ann. Ch. Ph. i. 468). A hygroscopo formed of pieces of 
eai-wood was designed in 1676 by John Coniers (PhiL Trans, xi 715). Chimney 
ornaments are often seen in which certain figures are caused to move by the contraction 
of Jj*P ansion catgut, thus indicating the approach of rain or fine weather. The awn 

Ian Andropagon contortion has been used for similar purposes by Capt. Kater; the 
of the Atxnafaiua , or wild oat, by Hooke ; the internal membrane of the Arunda 

ragnuUs, or common reed, by A d i e ; and the F unaria hygro me t rica, or common cord- 
e ar *sta of the seed of the 8tipa pcnnita t or common feather-grass, bv others, 
h Jgmseope usually placed at the top of the common barometer or weather-glass 
awn or vegetable filament which in twisting or untwisting moves a light 




Fig. 672. 


m HYOCHOLALIC ACID-HYOGfcYCOCHOLIC ACID. 

Sauuure’s Hair Hygrometer i* the only instrument of thi* ehms which hsa been sup. 
nosed in late years to possess any scientific accuracy or importance. To construct it, 
* long, soft and straight human hair# must be procured and boded for 

half ’an hour in a litre of water containing 10 grammes of crystallised 
carbonate of soda. After being well washed in pure water and dried with- 
out heat, the best hair is chosen, of a length of about 24 centimetres. 
One end is fixed to the top of the instrument {Jig. 672), and the other, 
being passed round a pulley of the diameter of 6 millimetres, is 
attached to a weight of about 0*2 gramme (3 grains). An index 
fixed to the pulley moves over a divided circle, the divisions of which 
fire determined by placing the instrument first over water and then 
over sulphuric acid, that is in perfectly moist and perfectly dry air, and 
dividing the space which the index is thus caused to move over into 
100 equal parts. When well and delicately constructed, such an instru- 
ment will promptly show the slightest changes of moisture in the air. 

Regnault, in his “Etudes de l’Hygrom&rie,” has spent much labour 
and ingenuity in trying to render the Hair Hygrometer scientifically 
useftil. He has only succeeded in showing that two of these instruments 
will give very different results, if there exists the slightest difference 
in the nature of the hairs, their preparation, or the weight by which 
they are extended ; that the most carefully constructed instru- 
ments are but little accordant ; and, that, after all, the degrees are quite 
arbitrary, and can only be reduced to true degrees of humidity or force 
of aqueous vapour, by a table specially determined by experiment for 
each instrument. Such a table may be found in Pouillet’s Elements 
de Physique, 7th od. ii. p. 742, having been prepared by Gay-Lussac, and supposed by 
him to apply to all llair Hygrometers. 



Regnault, indeed, has found that the zero of the Hair Hygrometer, at which it should 
stand in perfectly dry air, is quite illusory, for the hair will continue to shrink more or 
lees even when it has been exposed for some months to the dry air. He therefore 
commences the graduation for air about £ saturated, or of 20 degrees of humidity. 


Ktemtz ( Mbtioroloqie , Paris, 1858, p. 74) compares the table of Gay-Lussac with 
others calculated for Saussure’s Hygrometer by Prinsep, Melloni, and August. There 
is very little accordance. 

A great number of experiments on hygroscopes and hygroscopic substances are given 
in the three elaborate papers by Deluc in the Philosophical Transactions (1773 and 
1791), and he says (Ph. Trans. [1791] Ixxxi. 40), “ I have concentrated in these pages 
an account of twenty years’ assiduous labours iu hygrometry , mostly occasioned by the 
anomalies of the hygroscopic threads.” , 

There is a complete and learned history of hygrometry by Suer man, entitled 
“ Commentatio de definiendA Quantitate Vaporis aquci in AtmospherA,” 4to. Lugd. Bat. 

1831 y 

In Prof. Forbes’ Supplementary Rrport on Mdeorology (Brit. Assoc. Report, 1840. 
pp. 95-101) is an excellent rhumb of the theory of the wet-bulb thermometer. 

A general account of hygrometry, with examples of the calculations required in me- 
teorology, is to be fouud in Dr. Drew’s ] Vac deal Meteorology. W. S. J. 

HTOCHOL AM C ACID. Syn. with Hyocholic Acid. 

KT0CB02«ZC ACX1>. C- a II w OV — An acid obtained, together with glycocine, by 
the action of potash on hyoglycocholic acid. It is insoluble in water, soluble in 
4 alcohol and ether, and crystallises in mammellated granules. It* barium-salt dried at 
180° contains C 50 H 7fi Ba"O 8 . (Strecker.) * 

HYOOLYCOCHOLIO ACID. C' i7 H 4, NO\ Formerljgfalled Hyocholic acid. 
(Strecker and Gundelach, Ann. Ch. Pharm. Ixii. 205.)-«&i acid which, in the 
•form of a sodium-salt, constitutes the principal part of the bile of the pig : hence its 
name (from fa, Ws a pig, and xo*h bile). , . , . . , 

To prepare the sodium-salt in tho pure state, the fresh bile is completely saturated, 
with sulphate of sodium ; the mixture is heated for some hours on a sand-bath, and 
then left to cool ; and the resulting precipitate, consisting of hyoglycocbolate of sodium 
mixed with mucus and a small quantity of yellow colouring matter, is washed with a 
‘concentrated solution of sulphate of sodium, first by decantation and then on a filter, 
after which it is dried at 110° C. and treated with absolute alcohol, which dissolves the 
hyoglycocholate of sodium. The alcoholic solution is decolorised with animal charcoal, 
then precipitated by ether, and the* precipitate is dried at 100°. 

The free e ’ * ’ ^ - — 

with dilute i , 

water. The liquid is milky i 
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transparent drops. It must be left on the sand-bath for several days, because the 
precipitation is not complete till the last traces of alcohol are evaporated. By repeat* 
ing this operation two or three times, the acid is obtained quite pure. 

Hyoglyeocholic acid is a white resinous body which melts in hot water, and then 
presents a silky aspect. It solidifies after remaining for a few days over the water- 
bath, and after it has lost all traces of water ; does not melt even at 120°. It is but 
slightly soluble in water, imparting, however, an acid reaction; easily soluble in 
alcohol , but quite insoluble in ether. It dissolves readily in ammonia and in dilute 
solutions of the fixed alkalis or their carbonates. According to F. Hoppe (Jahresber. 
1868, p. 568), the solutions of the free acid exhibit an optical rotatory power 
_ + 2°; that of the sodium-salt does not act on polarised light. It differs from the 
acid of ox-bile (glycocholic acid) by its sparing solubility in water, and by forming 
precipitates insoluble in water, with baryta, lime, &c. ; in this respect it resembles 
cholonic and choloi'dic acids. 

Hyoglyeocholic acid is not altered by dilute sulphuric acid : the concentrated acid 
blackens it, with evolution of sulphurous acid. It is not oxidised by a mixture of 
sulphuric acid and peroxide of lead ; but when the acid or any of its salts is heated 
with concentrated nitric act'd, nitrous fumes are evolved, and a yellowish moss is 
formed, consisting chiefly of oxalic and cholesteric acids; at the same time volatile 
fatty acids are formed homologous with acetic acid. These volatile, acids are 
also produced, together with hydrocyanic acid, when hyoglycocholio is oxidised by a 
mixture of chromate of potassium and sulphuric acid. 

Hyoglyeocholic acid, boiled for a long time with strong hydrochloric acid, is decom- 
posed in the same manner as glycocholic acid (ii. 900), yielding first a resinous 
substance soluble in alkalis (hyocholoidic acid ?), then hyodyslysiu insoluble in 
alkalis, while glycocine remains in solution: 

C w H 4, NO s = C 24 H S8 0 5 + CHPNO* 

Hyoglyeocholic acid. Hyodyilysln. Glycoeinfl. 


Potash induces a similar transformation, yielding hyocholic acid, which differs from 
hyodyslysiu only by the elements of 1 at. water. „ . 

Hyoglyeocholic acid is monobasic, the hi/oyh/cocholatrs in the dry state containing 
C T li*-MNO\ The ammonv’m-salt is obtained by adding chloride, carbonate, or 
sulphide of ammonium to fresh pig’s bile, or a solution of the sodium-unit. It 
dissolves very easily in water, but very sparingly in strong solutions of iimmonmeal- 
sults. It is decomposed* by boiling. The barium-salt, C M H w< Ba"N , O ,0 .2H , O, dissolves 
very sparingly in water, very readily in alcohol. Th e calcium-salt, C^IP^CV'IPO'VZIPO, 
resembles the barium-salt. The lead-salt is a white precipitate obtained by mixing a 
solution of tho sodium-salt with neutral acetate of lead. This mother-liquor yields 
with tho basic acetate another precipitate which appears to be a basic aalt. 

The potassium-salt, 2C”H ,i KN0 5 .H 5f O, is prepared by dissolving the acid in caustic 
ttnbitfh, and treating the solution with sulphate of potassium, &c., as in the preparation 
of the sodium salt. It is a white amorphous mass, which melts at the heat of tho water- 
bath so long as it retains water or alcohol; when quite dry, it remains solid even ut 120 . 

The silver-salt , C^H^AgNO 1 , is a gelatinous precipitate, which becomes floeculonfc 
when boiled. . 

The sodium-salt, 2C v7 H«NaN0\H , 0, is a white powder which does not become 
moist by exposure to the air. Its alcoholic solution yields by evaporation a perfectly 
transparent varnish. It has a bitter and very persistent taste. Heated on platinum- 
foil, it melts, swells up, and burns with a smoky flame. 

HTOCHOX>OXX>XO ACXD. The resinous substance formed previous to hyodys- 
lysin, when hyoglyeocholic acid is boiled with strong hydrochloric acid, is perhaps 
homologous with choloi’dic acid, C* 4 H*0 4 . According to Hoppe (Jahresber. 1868, 
p. 668), its solutions have a dextro-rotatory power 2 3 6°. 

HTOOYSXiTBXSr. C^H^O*. — A substance homologous with dyslysin, produced by 
the continued action of boiling hydrochloric acid on hyoglyeocholic acid. It is insolublo 
in water, potash, an d ammonia, sparingly soluble in boiling alcohol, moderately soluble 
in ether. 

HTOICTABCm. (Geiger and Hesse, [1833] Ann. Ch. Pharm. vii. 270.)—An 
alkaloid contained in henbane (Hyoscyamus niger), and other species of Hyoscyaraus. 
To prepare it, the bruised seeds of henbane are exhausted with hot alcohol containing 
2 per cent, of sulphuric acid ; the expressed juice is mixed with a quantity of slaked 
bine, sufficient to produce a strong alkaline reaction ; the filtered liquid is slightly 
supersaturated with sulphuric acid, and again filtered; the alcohol is distilled off to one- 
fourth; the residue diluted with water; and the rest of the alcohol driven off At tii« 
possible temperature. To the remaining liquid is then cautiously added a con- 
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eentmted solution of carbonate of potassium, the liquid being again filtered if any 
turbidity is thereby produced ; then a large excess of the same solution ; and the whole 
is shaken with ether as long as that liquid takes anything up. The ethereal solution, 
separated from the watery liquid and evaporated, leaves impure hyoscyamine, which 
may be purified by mixing it with water till a clear solution is produced ; adding to 
this solution twice its weight of ether-alcohol, digesting with animal charcoal, and eva- 
porating off the ether-alcohol, first at a gentle heat, and afterwards in vacuo. If the 
residue is still coloured, it must be once more dissolved in dilute acid ; the solution 
miToH with an equal quantity of alcohol, digested with animal charcoal, and decomposed 
by excess of carbonate of potassium ; the hyoscyamine extracted by ether ; and the 
whole process repeated if necessary. 

Hyoscyamine may also be prepared, though less advantageously, from the herb 
of the plant, while in flower, by boiling the expressed juice, filtering, mixing with 
lime, treating the filtrate with excess of carbonate of potassium, and dissolving out the 
hyoscyamine by agitation with ether. The dried herb likewise yields it when treated 
with acidulated alcohol. 

Hyoscyamine crystallises in stellate groups of silky needles, but is frequently also 
obtained as an amorphous sticky mass. When perfectly dry it is inodorous, but m the ' 
moist state, it has an unpleasant odour resembling that of tobacco. It is soluble in 
water , alcohol, and ether. The aqueous solution has an alkaline reaction. It melta •; 
when heated, and then volatilises with partial decomposition. It is decomposed when 
heated with acids. Strong nitric acid dissolves it without colour ; strong sulphuric 
acid turns it brown. Iodine added to its aqueous solution forms a copious precipitate ** 
having the colour of kermes. Taken internally, even in small doses, it acts as a 
narcotic poison. Kubbed into the eye, even in minute quantity, it produces persistent 
dilatation of the pupiL 

Hyoscyamine neutralises acids completely. Many of its salts crystallise and are pep* 
manent in the air. They have no odour, but an acrid, nauseous taste, and are very 
poisonous. Their solutions are not precipitated by dichloride of platinum ; but yield 
whitish flocks with chloride of gold. With infusion of galls they form a white preci- 
pitate. 

HTPAROTRZTB. See Miabgyritb. 

BmRBPXROZlZO AOZD. Syn. with Salicylic Acid. 

STPZR, as a prefix, syn. with Per. 

HTPWBTHZCTS (from Mp and aQtvos, strength, on account of the greater 
har dn ess and density of this mineral as compared with hornblende, with which it was 
formerly confounded). It is a sub-species of augite, containing, according to Muir's 
analyses (Pogg. Ann. lxiv. 162), 

810* Al'O 1 CnO MrO FcO MnO H*0 

61*36 . . 1-83 11 09 33 92 . . 0*50 = 98*69 

It is distinguished from common augite and diallage by its small proportion of calcium 
and large proportion of iron, and may be represented by the formula (Mg ; Fe^iO*. 

Hypersthene has a density of 3*3 — 3 6, und a greyish or greenish-black colour, with 
a more or less distinct copper-red metallic iridescence on the most distinct cleavage- 
surface, arising from the presence of microscopic laminae of titaniferous iron imbedded 
in the mineral. It is remarkable that ail the augitic rocks of Sweden contain titanife- 
rous iron. 

The name Paulite is given to hypersthcne found in the island of St. Paul on the coast of 
Labrador. Gedrite is hypersthene in which the quantity of iron attains its maximum. 

STfBMTBINZTB or Hypersthcne-rock is a crystallotounular mixture of 
hypersthene and labrador, with small quantities of titan iferoufflSipn imbedded in the 
hypersthene, and occasional admixture of iron pyrites, mica, hornblende, olivine, garnet, 
opalite, &c. Labrador is usually the chief component. Quarter is never found in this 
rock. Hypersthene-rock belongs to the less frequently occurring crystalline, unstrati- 
fied formations. It is found in the island of St. Paul, on the coast of Labrador, at 
Elfdalen in Sweden, at several localities in Norway, in the Isle of Skye, in Cornwall, in 
the Hars in Silesia, Bohemia, &c. 

The following analyses of hypersthenite are by Bunsen (Jahresb. 1861, p. 1070): 

«. Coarse-grained, containing brown hypersthene and greyisn-white labradorite, from 
a vein near Penig in Saxony. — b . Medium-grained, greenish-brown, containing greenish* 
white labradorite and dark green augite, from Tabor, near Getschin in Bohemia.— 
c. Somewhat finer-grained and browner, from Stransko near Liebstadl. — d. Greyish- 
green, crystalline, medium-grained, very slightly magnetic, containing triclinic felspar, 
from Hrabacow near Starkenbuch. — e. From the railway cutting of the Woleschka valley, 
between Semil and Kostiulow near Poric, It is finely crystalline, dark grey to greenish. 
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and effervesces with acids, in consequence of small masses of calcs par disseminated 
through it; scarcely magnetic, and with a weathered crust: 



SiO- 

A 1*0® 

Fe*0® 

CaO 

MgO 

K*0 

N»*0 

H*0 

a. 

49*90 

16*04 

781 

14*49 

1008 

056 

1-68 

146 - 102*01 

h. 

49*97 







c. 

66*20 

16 26 

13*40 

9*50 

3*21 




d. 

61*98 

16-27 

13*63 

7*34 

6*86 

3*30 

1-20 

2-71 - 102 18 

e. 

54*44 

1806 

9*64 







BTPOBROMOVS ACID. BrHO. — The formation of bleaching liquids analogous 
to the hypochlorites by the action of bromine on solutions of the alkalis and alkaline 
earths was noticed by Balard in his original memoir on bromine (Ann. Ch. Phys. [2] 
xxxii. 337), and subsequently by Lowig (Pogg. Ann. xiv. 14, 485), Fritxsche (J. pr. 
Chem. xxiv. 294), and Gay-Lussac (Compt. rend. xiv. 951), Balard also found that 
bromine-water forms with mercuric oxide a sparingly soluble oxybromide of mercury 
aud a bleaching liquid which, by distillation in a vacuum, yields a liquid also possessing 
bleaching properties, and supposed to be hypobromous acid (i. 679). 

More recently, Spilier (Jahresber. 1869, 97 ; 1862, 73) and Dancer (Chem. Soc. 
J. xv. 447) have shown that when bromine is added to excess of solution of nitrate of 
silver, half the bromine is precipitated as bromide of silver, wbile the other half remains 
in solution as hypobromous acid, forming a strongly bleaching liquid, from which, ac- 
cording to D an cer, the hypobromous acid may be distilled under a pressure of 60 mm. 
4>f mercury, the liquid then boiling at 50°. The distillate, which does not contain free 
bromine, is straw-yellow, has an acid reaction, bleaches strongly, and decomposes when 
heated above 60°. It gave by analysis numbers corresponding with the formula of 
hypobromous acid. 

Hypobromous acid is likewise obtained in solution by agitating bromine-water with 
excess of mercuric oxide or oxide of silver. When bromine is brought in contact with 
excess of dry mercuric oxide, the mixture becomes very hot. By heating the two 
substances together in a sealed tube to 100° a powder is obtained which smells like 
chloride of lime and bleaches when moistened with water; it is a mixture of mercuric 
bromide, oxide and liypobromite. If the bromine is in excess, a solid mass is formed 
consisting merely of mercuric bromide and oxide. Oxygen is set free in both cases. 
(Dancer.) 

All attempts to prepare hypobromous anhydride by methods similar to those which 
yield hypochlorous anhydride (i. 908) were unsuccessful, the compound being decom- 
posed, both at common temperatures and at — 18°, into bromine and oxygen. 

RTPOOBLORIC ACID. Syn. with Perchloric oxide. (See Chlorine, Oxides of, 
i. 912.) 

BTVOCHLOBZTB. (Grune Eiscnerde.)— A mineral occurring at Schnceberg, 
Jolianugeorgenstadt, and Braunsdorf in Saxony, in minute greenish crystals and 
grains, or massive and earthy. It contains, according to Schuler’s analysis, 60*24 per 
cent, silica, 14*65 alumina, 13*03 oxide of bismuth, 10*64 protoxide of iron, and 9*62 
phosphoric anhydride, with a trace of manganese, and is perhaps a silicate of bismuth 
and iron mixed w*ith phosphate of aluminium. (Dana, ii. 182.) 

HY90CH3*0KZTSS. C1MO.— The formation, general properties and reaction* 
of these salts, aqfl themethods of estimating the quantity of available chlorine contained 
in them, have been already described under Cht.ohine (i. 904, 908). For the prepara- 
tion of hypochlorite of calci urn, its uses as a bleaching and disinfecting agent, and 
the methods of estimating its commercial value, soe Urc'a Dictionary of Arts , &c. 
i. 904 ; also Richardson and Watts' a Chemical Technology , vol. i. pt. 3, pp. 360-425. 

A sample of “ chloride of lime,” analysed by F. Itose under the direction of Frese- 
nius (Ann. Ch. Pharm. cxviii. 317), yielded 2G*72 per cent. CaCPO*, 26*61 CaCl*, 
23 05 CaO, and 24*72 combined and hygroscopic water. On repeatedly triturating 
it with fresh quantities of water to a thin pulp, the chloride of calcium was found to 
dissolve at the first trituration, the hypochlorite only at the third. Hence Fresenius 
conclude* that the two salt* exist in the bleaching powder merely in a state of mixture, 
or at most as a loose combination easily decomposed by water. He regards bleaching 
powder as a mixture of hypochlorite and basic chloride or oxychloride of calcium, 
CaCPO* + (CaCl*.2CaO) + 4lf it O. The basic chloride is resolved by water into chloride 
and hydrate of calcium. 

Solutions of the hypochlorites of the alkali -metals have long been used a* disinfect- - 
agent*. The so-called chloride of soda or Labarraque’s disinfecting 
liquid, is a mixture of hypochlorite and chloride of sodium, prepared by passing 
chlorine into a solution of caustic soda or carbonate of sodium, or by decomposing 
hypochlorite of calcium (bleaching powder) with carbonate or sulphate of sodium. In 
the first mode of preparation, about 40 lbs. of soda -crystals are dissolved in about 20 
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gallons of water, and a stream of chlorine is passed through the solution till it has 
attained a specific gravity of 1'06. A rise of the density above this point indicates the 
formation of chlorate of sodium. To prepare the disinfecting liquid by the second 
method, about 20 lbs. of good bleaching powder are dissolved in about 26 gallons of 
water, and to the filtered liquid is added a solution of 40 lbs. soda-crystals in about 
9 gallons of warm water. The filtered solution constitutes Labarraque’s liquid. 

Chloride of Potash or Eau de Javelle is a mixture of hypochlorite and chloride 
of potassium prepared by similar methods. 

A mixture of hypochlorite of magnesium^ prepared by decomposing chloride of 
lime with an equivalent quantity of sulphate of magnesium, is said by Claussen to be 
more efficacious than other chlorine-compounds for bleaching flax and hemp. 

Hypochlorite of Aluminium , prepared by mixing equivalent quantities of sulphate of 
aluminium and hypochlorite of calcium, is recommended by Orioli (Itep. Pat. Inv. 
April 1860) as a bleaching and antiseptic agent. It is very easily decomposed, and 
therefore acts very rapidly on organic matters. It may also be used as a mordant 
instead of acetate of aluminium, all the hypochlorous acid being disengaged at the 
heat of the dye-bath while the alumina remains attached to the fibre. 

Hypochlorite of Zinc is also used as a mordant, and is recommended by Varren trapp 
(DingL pol. J. civiii. 378), on account of its ready decomposibility, as a bleaching 
agent. The action of chloride of lime may be advantageously accelerated by the 
addition of chloride of zinc instead of a mineral acid. 

HTVOCHLOSOVB ACID and AHrH'TORXDZI (i. 908).— This gas is absorbed 
by sulphuric anhydride, and when the latter compound, in a state of perfect dryness 
and in quantities of not more than 6 or 6 grms. at a time, is saturated with hypochlorous 
anhydride, a dark-red thickish liquid is formed, which solidifies on cooling to a mass of 
light red needles apparently consisting of C1*0.4S0 S . These crystals melt at 66°, and 
detonate when suddenly raised to a higher temperature. They are instantly decom- 
posed by water into sulphuric and hypochlorous acids ; hence the compound acts as 
a powerful oxidising agent on sugar, alcohol, and other organic substances. Iodine 
decomposes it, with evolution of chlorine and formation of iodic acid. 

When hypochlorous anhydride is passed into liquid sulphurous anhydride, a very 
brisk reaction takes place as soon as the containing vessel is removed from the freezing 
mixture, chlorine being evolved und a red viscid substance remaining, composed of 
sulphuric and hypochlorous anhydrides in a proportion not yet determined. (Schiitz- 
onberger, Compt. rend. lii. 135 ; liii. 638; Jahresber. 1861, p. 142.) 

HYFOOJRXC AOXX>. C”H"0* = j O.— An acid belonging to the oleic 

series OH a "- a O a , discovered in 1856 by Oossmann and Scheven (Ann. Ch. Pharm. 
xciv. 230) in oil of earthnut {Arachis hypogeca) It is isomeric, if not identical, with 
physetoleic acid, discovered in 1844 by Ilofstiidter (Ann. Ch. Pharm. xci. 177) in 
sperm-oil (see Physetoleic acid), also with the acid obtained by oxidation of acinic 
acid (C‘*H M O a ), an acid produced by the saponification of the fatty substance, a ge~or 
axin, contained in the Mexican plant, Coccus Axtn. (F. Hoppe, J. pr. Chem. jpx. 
102 .) 

Preparation from Earth-nut oil. — The fatty acids of the oil are dissolved in alcohol; 
arachidic and jpalmitic acids are precipitated by ammonia and acetate of magnesium ; 
the precipitate is removed; and the filtrate is mixed with ammonia and an alcoholic 
solution of neutral acetate of lead. The precipitate is collected after a few days, pressed, 
and dissolved in ether; the ethereal solution is agitated with aqueous hydrochloric 
acid ; the chloride of lead is filtered of!'; the filtrate is shaken up with water which has 
been freed from air by boiling ; the ethereal layer which separatee again on leaving 
the liquid at rest is taken off ; nnd the ether is removed by distdlation. The remaining 
liquid on cooling deposits yellowish crystals, which may be pttfftpd by pressure ana 
recrystallisation from alcohol at a very low temperature. An^aditional quantity of 
crystals may be obtained from the mother-liquor. (Gossmann and Scheven.) 

Axinic acid yields by oxidation, agin in insoluble in ether, and the acid, 
which may be dissolved out by ether, and crystallises from the ethereal solution. 

Hypogaric acid crystallises in stellate groups of needles, inodorous, melting at 34° or 
36° (physetoleic acid melts at 30° and solidifies at 28°), easily soluble in alcohol and 
in ether. — 1. When exposed to the air, it acquires a yellowish colour and rancid odour, 

, an^ then crystallises with difficulty, even at very low temperatures. — 2. When 
^;au$ye<!ted to ary distillation, it first gives off a reddish-yellow liquid, then yellowish- 
irhite crystalline sebacic acid, and lastly, a fetid oil, leaving a small quantity of char- 
coal. 

Nitrous acid converts hypogieic acid into the isomeric compound gai'di c acid, which 
iB related to it in the same manner as elaidie to oleic acid. It forms a colourless crys- 
talline mass, permanent in the air, melting at 38°, solidifying in the radio-crystalline 
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f^rm on cooling, and volatilising und ©composed at higher temperatures. (Caldwell 
«nd CoBsmann, Ann. Ch. Pharm. xcix. 305,) 

Hypogseic acid is monobasic. The barium-salt is obtained by adding alcoholio 
acetftteOf barium to an alcoholic solution of the acid mixed with excess of ammonia, 
in white grains which dissolve when heated and separate again on cooling. 

Hirpogceate of Copper, C w H M Cu"0 4 , is obtained, in like manner, by mixing alcoholio 
cupric acetate with a hot alcoholic solution of the acid containing ammonia, and sepa- 
rates on cooling in violet- blue crystalline grains, soluble in alcohol and cohering to a 
translucent wax at 75°. — Gaidate of coppir is obtained by mixing aqueous gaidate of 
sodium with cupric sulphate, as a scarcely crystalline precipitate, which dissolves with 
difficulty in alcohol, and separates therefrom in granules. It melts without decom- 
position at a temperature above 120°. . . 

Hypogaate of Ethyl , C' B H' i *(C , 'K A )0 2 , is obtained by passing hydrochloric acid gas 
through a solution of hypogseic acid in alcohol of 95 per cent and separates on warming 
the liquid, as an oil which may be freed from adhering acid by washing with small 
quantities of alcohol, and dried in a stream of carbonic anhydride between 100° and 
120°. It is yellow, inodorous, lighter than water, but sinks in alcohol, in which it is 
but slightly soluble. Not volatile without decomposition. 

Gaidate of Ethyl is prepared by passing hydrochloric acid gas through a solution 
of gaidic acid in absolute alcohol, precipitating after 12 hours with water, and sutyect- 
ing the separated mixture of gaidic ether and gaidic acid to a second treatment with 
hydrochloric acid. The product is washed and dried at 100° in a stream of hydrogen. 
It is a colourless, lamino-crystalline mass, which melts between 9° and 10°, and 
volatilises undecomposed at a higher temperature. It is inodorous, lighter than 
water, heavier than alcohol, and sparingly soluble in alcohol. 

Gdidate of Silver is obtained by precipitation as a white amorphous mass which, when 
washod, and especially if heated with water, alcohol or ether, turns black without 
dissolving. 

Gaidate of Sodium is obtained by dissolving the acid m aqueous carbonate of sodium, 
evaporating, and exhausting the residue witli absolute alcohol; tho solution on cooling 
deposits the salt as a translucent jelly : from dilute solutions it separates in crystalline 


grams. 

HYVOOALLXC JkCXl>. C 7 II B 0 4 . (Matt hies sen and Foster, Chem. Soc. J. 
xvi. 350.) — An acid produced by the action of boiling concentrated hydriodic acid on 
hemipinic acid (p. 142): _ „ 

C ,0 ll ,# O B + 2HI * C T H B 0 4 + 2CII*I + CO 3 . 

.Hemipinic Hypogallic Iodide of 

acid. acid. methyl. 


It is isomeric with carbohydroquinonic, protooatechuic and oxysalicylic acids, and 
intermediate in composition between salicylic acid, C 7 ll u O*, and gallic acid, C I1 B 0*. 

Hypogallio acid, when pure, is only slightly soluble in cold water, but dissolves 
easily in hot water, alcohol, and ether; its solution reacts strongly acid with litmus- 
paper* It separates from hot water in small prismatic crystals, united into stellate 
groups, and containing at. water of crystallisation, which they lose at 100°. Die 
acid melts at about 180°, but as it begins to decompose even at a lower temperature, 
its melting-point could not be accurately ascertained. 

Hypogwlic acid gradually turns brown when heated in the air to a little above 100 ; 
the same change occurs more quickly when a solution of it, especially if neutral or 
alkaline, is evaporated. Added to solution of nitrate or ainnumio-nitrate of silver, it 
causes an immediate precipitation of metallic silver, evpn in the cold ; with sulphate 
of copper and a slight excess of potash, it gives a yellowish green solution, from winch 
an orange-yellow precipitate is thrown dow n on warming ; in a mixture of sesquichlorids 
of iron and red prussiate of potash , it immediately produces a blue precipitate ; when 
boiled with solution of mercuric chloride , it reduces it to calomel. With sesquiehloride 
of iron , it gives an intense indigo-blue coloration, which is changed to violet by a very 
small quantity of ammonia, and to blood-red by excess of ammonia, no precipitate 
being produced, unless too much chloride of iron has been used ; the colour is destroyed 
by strong acids, but restored by neutralisation with alkali, and partially by addition 
of water. A solution of the acid immediately becomes brown on addition of alkali, 
the colour quickly becoming darker by exposure to the air. With amnumta tfwa 
chloride of barium or calcium , it gives a brownish white ftocculent precipitate ; with 
acetate of lead , a pale yellow precipitate. - 

Hypogailic arid is decomposed by heat into carbonic anhydride and asubstanc* 
which solidifies in the neck of the retort to a colourless crystalline mass. The deeom* 
jwsition begins at about 170°, and goes on rapidly at 200°. The crystalline pro- 
duct melts, in the crude state, at about 90°; it dissolves easily in water, and 
crystallises in needle* when the solution is evaporated. It is rapidly attacked by nim<* 
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^eid, even when dilated, giving a red-brown eolation. With sesquichloride of iron it 
gives a bluish-black amorphous precipitate ; with acetate of lead it gives a white or 
yellowish-white precipitate, soluble in an excess of acetic acid. It slowly assumes a 
darker colour by exposure to air in contact with alkali. This substance has not yet 
’ been prepared in sufficient quantity for complete investigation. . 

The three acids above mentioned as isomeric with hypogalhc acid, have about the 
same solubility in water, alcohol, and ether, as the latter ; they all likewise givo a dark 
coldration with the smallest trace of sesquichloride of iron : reduce nitrate of silver ; 
become dark brown when mixed with alkali and exposed to the air; give a yellowish- 
white precipitate with acetate of lead ; and at a high temperature are all decomposed 
into carbonic anhydride and oxyphenic acid or bydroquinone. Nevertheless, no two 
of these acids appear to have quite the same properties. The following are the most 
important points in which differences have been observed. Hypogallic acid crystallises 
with 1§ molecule of water (14*9 per cent.), carbohydroquinonic and protocatechuic acids 
with 1 molecule (10*4 per cent.), and oxysalicylic acid without water. Hypogallic and 
oxysalicylic acids give a dark-blue colour with sesquichloride of iron, the other two 
acids a dark-green colour. Hypogallic acid reduces nitrate of silver immediately in 
the cold ; carbohydroquinonic acid reduces it slowly in the cold, rapidly when boiled ; 
oxysalicylic acid has no action on nitrate of silver in the cold, but reduces it completely 
when boiled. Carbohydroquinonic acid reduces cuprous oxide from a mixture of cupric 
acetate, tartaric acid, and excess of potash ; protocatechuic acid causes no reduction of 
the same solution. Hypogallic acia causes a precipitate in a mixture of chloride of 
barium and ammonia ; protocatechuic acid only on addition of alcohol. Some of these 
' differences may perhaps bo due to accidental causes, depending on the different sources 
and modes of preparation. 


BTVO-XODZC ACID. See Iodine, Oxacids of. 

BTFONIOBIO ACXDi See Niobium. 

BTPONITRIC ACID. Syn. with Pcmitric oxide. (See Nitrogen, Oxides of.) 
BTPOBiniOMDCONXC ACID. Syn. with Nitromeconin. (See Mbconin.) 
HTPOITITROUS ACID. Syn. with Nitrous acid. 

HTFOPBOSPHOBOVS ACZ2>. See Phosphorus, Oxygen-acids of. 
HTPOBCLBBITB. A name applied by Breithaupt to a mineral from Arundel, 
. which, according to Rammclsberg, is probably albite mixed with augite. (See Aubitb 
under Fei.hpar.) 

BnrPOBTZXtBZTB. Syn. with S TIDBITS. 


BTPOSVLPBAMTLZO ACID. Syn. with Amyl-sulphurous acid. (See Sul- 
phurous ETHERS.) 

BTPOBtrLPBARBEHIOUB ACID. Syn. with Disulphide of Arsenic. (See 
.Arsenic, Sulphides of, i. 38C.) 


BTPOBULPBBTB7LIC ACID. Syn. with Ethyl-sulphurous acid. (Seo 
Sulphurous ethers.) 

HTfOSDLPHZWDIOOTIC ACID.) ~ 

BTPOBUIPBOCCERULZC ACID. \ See I*™°0-SULPHUHtC ACIDS. 
BTPOSULPHOOLUTIC ACID. Syn. with Sulphoglutio acid. 
BTPOBVIPBOIIKSTHTLIC ACID. Syn. with Methyl-sulphurous acid. (See 
Sulphurous ethers.) , 

BT»OBV»BOVAPBTBALZC and HTPOBUpBOVAPHTBIBIO 
ACIDS. See SulphonapHthalic acids. Cj* 

HTPOBIOPHOPHOBPBORIC and BTPOBVX^BOPBOBfBOBOUB 
ACIDS. See Phosphorus, Sulphides of. 

HTPOBUIfHVRIO and BTVOBir&PBTrSOVB ACIDS. See Sulphur, 
Oxygen-acids of. 


BTPOVABADZC ACID. See Vanadiuh. 

BTPOXAVTBDrE, An axotised organic substance discovered by Scherer 
(Aon. Ch. Pharm. Ixxiii. 328) in the spleen of man and in the ox, and since found to 
exist in many other parts of the animal body. It is probably identical with Sarcxn* 
<**) 

BTSSOPXNA A doubtful alkaloid, said by Herberger to exist in the herb of 
Hysscpus officinalis, 

BTBBOVi OIX OF. A volatile oil obtained from Uyssopus officinalis by 



HYSTATlffe — ICICA-EESIN. «l 

distillation with water. It is yellow when fresh, but turns red by keeping* has a 
•harp taste and smells like camphor. ’ 

BT8TATZTS. Syn. with Ilkenit*. 


I 

ZASPACBATS8. a variety of agate. 

ZBSBZTB. A silicate from Montoval, near Toledo, occurring in large six-sided 
prisms with basal cleavage. Hardness = 2 5. Specific gravity «* 2*89. Contains, 
according to Norlin (Kongl. Vetensk. Akad. Forhandlingar, 1844, 215), 40*90 
per cent. SiO*, 30*74 AFO*, 15*47 FeO, MnO 1*33, 0*40 CaO, 0 8 1 MgO, 4*67 K*0. 
0 04 Na*0, 5*56 H a O = 99*82. Fuses to a dark pearl before the blowpipe. It is pro* 
bably allied to dichroite, 

XCB-BPAS. A name sometimes applied to a transparent variety of felspar found 
in Vesuvian lavas : the term includes pellucid varieties of other species of felspar. 
(Dana.) 

XOSlAiriHBPAlU Transparent calc-spar. (See Calc-Spah.) 

XCBTBXBXir. A substance contained in the immature eggs of ryprinoid fishes. 
XCBTHXV. The azotised constituent of the eggs of cartilaginous fishes. It it 
«*asilv extracted from the eggs of the ray by pouring the yolk into a largo quantity of 
distilled water, washing the dense granules which fall to the bottom till the waah~ 
water contains only traces of albumin and saline matters, and finally exhausting them 
with alcohol and ether. 

Ichthin thus obtained formB homogeneous, white, transparent grains, soft to the 
touch, insoluble in water, alcohol, and ether. Hydrochloric acid dissolves it without 
violet coloration ; it is also readily soluble in dilute acetic and phosphoric acid, and in 
other acids in the concentrated state. Solutions of potash and soda dissolve it slowly; 
ammonia does not act upon it. It gives by analysis 50*2 to 61 0 per cent, carbon, 8*7 
to 7*8 hydrogen, 14*7 to 15*4 nitrogen, and 1*9 phosphorus (?). It does not appear to 
contain sulphur. It leaves but a trace of ash when burnt. (Valenciennes and 
Fr^rny, Compt. rend, xxxviiii. 480, 628.) 

XCHTHUXXW. The very young eggs of cyprinoi'd fishes contain, besides icthidin, 
h strongly albuminous liquid which holds in suspension certain mineral wilts, together 
with ie. hulin, which may be precipitated by water. When first precipitated, it is viscid 
like gluten ; but when treated with alcohol and ether, it loses its viscosity and becomes 
Mid and pulverulent Like ichthin, it dissolves in acetic and in phosphoric acid, also 
in hydrochloric acid, without violet coloration. It contains 62*6 to 63*3 per cent, 
earU>u, 8*0 to 8*3 hydrogen, 15*2 nitrogen, 10 sulphur, and 0*6 phosphorus (?). It 
w'j ms to disappear as the eggs approach maturity, and to be replaced by albumin, 
t > alencien nea and Fremy.) 

IC HTBY OCOIL or 2 BXW OX ABS* Bee GutATiif (ii. 826). 

XCHTKT OPZSTB AXiXIXXTS. Syn. with ApophixlIte (i. 351). 
xcxcA-msBxxr. A resin very similar to elemi, obtained from trees very common 
in Guiana, belonging to the order Tcrcbintkaaa. It occurs in small masses or opaquo 
grains, having a yellowish-white colour, and a sweet, rather agreeable odour, the 
^n nglh of which is increased by heat. It is friable and tasteless. It gives up nothing 
to water, and is but sparingly soluble in alcohol, requiring for complete solution 45 
parts of cold alcohol of 36°, and 15 parts of boiling alcohol; it dissolves also in 3} 
l' art ® of oil of turpentine at ordinary temperatures. It is insoluble in alkalis. Its 
aiwhoiic solution docs not precipitate lead or silver salts. 

Iac»-re#nn is composed of three distinct substances, separable by their different 
degrees of solubility in alcohol 

<*. If the resin be completely dissolved in boiling alcohol oho of these substances, 
J?’. brea, l crystallises on cooling. It has the composition of cholesterin, and forms 
.‘V* 1 t*«teless, needle-shaped crystals, insoluble in water and in alkalis, sparingly 
V. ,n eloohol, and having a neutral reaction. It melts at 167°, and solidifies on 
>nng to a mass resembling amber. By dry distillation it yields ernpyreumaric oils, 
volatile, solid, amorphous substance which collects in the neck of the retort, and 
•™i residue of charcoal. It is dissolved, with fed colour, by sulphuric acid, and 
ITecipitiited unaltered by water. Nitric acid decomposes it, with evolution of nitrous 
fot 7 ain g * yellow body soluble in excess of nitric acid, and precipitated oa 
•uuiuon of water* 

v «- III. B 



*t2 IDIOT Y PE — ACID. 

b* On removing the brean and con cen tearing the mother-liquor, a certain quantity 
of the same substance, in an impure state, first separates, and afterwards another 
crystalline itesin, icican, which has the same meltihg^pint as brean, and resembles it 
in most of its other properties, but is distinguished by its greater solubility in alcohol. 
It gives by analysis 82*01 per cent. C, 11*66 H, and 6*84 O, which may be represented 
by the formula C^H^O. Its composition is about the same as that of the resin of 
Ceroxylon Andieola. 

c The mother-liquor of icican, after being completely freed from crystallisable 
matter, deposits a small quantity of a yellow amorphous resin, which melts below 100°, 
and is much more soluble in alcohol and ether than brean or icican. Its alcoholic 
solution is slightly acid to test-paper, but the resin does not dissolve in alkalis. • It 
contains 77*93 per cent. C, 10*69 H, and 11*47 O, corresponding approximately with the 
formula C^H^O 4 . (Scribe, Ann. Ch. Phys. [3] xiii. 166.) 

CTIOTTTW. A term applied by Guthrie (Chem. Soc. J. xiii. 35) to bodies 
derived by replacement from the same substance, including the typical substance itself; 
ammonia, for example, is idiotypic with ethylamine, phenylamine, and all the organic 
basis derived from it by substitution, and these are idiotypic one with the other. 

The same term was applied by Wackenroder (J. pr. Chem. xxiv. 18) to certain 
non-crystalline organic bodies which, according to his observations, exhibit certain 
similarities of structure. 

IBOCEABI. See Vesuvian. 

XMtZALZnr. C^H^O (?). — The essential constituent of idrialite, from which it 
rtafyed either by dry distillation in an atmosphere of carbonic anhydride— or better, 
piling the mineral with rock-oil or oil of turpentine; the liquid on cooling solidi lies 
_ $ m*ss, which may be freed from the solvent by means of bibulous paper. 
/^’Wdillin forms colourless scales, which melt at a very high temperature, with partial 
decomposition. When distilled, it partly volatilises, but at least ^ of it is decomposed 
at the same time, even in an atmosphere of carbonic anhydride. It is insoluble in 
witter, even at the boiling heat, and nearly insoluble in alcohol and ether ; the best 
solvent for it is boiling oil of turpentine. It gives by analysis 91*7 to 92*0 per cent, 
carbon, and 6*1 to 5*4 hydrogen, agreeing nearly with the formula above given — which 
requires 91*07 C, 5*11 H, and 2*92 O. (Bodeker, Ann. Ch. Pharm. lii. 100.) 
Dumas and Laurent regarded it as a hydrocarbon C 14 H*°, but these results were 
calculated according to the old atomic weight of carbon. 

Idrialin heated with strong sulphuric acid forms a solution of a fine blue colour, 
like that of sulphindigotic acid. The solution diluted with water forms with bases 
peculiar salts, among which the potassium-salt is distinguished by its beautiful crystal- 
line character. — Idrialin boiled with strong nitric acid yields a red powder (Laurent’s 
nitrite of idrialase) destitute of taste and odour, insoluble in water and ether, soluble 
in sulphuric acid, to which it imparts a mahogany colour. In potash it dissolves with 
brown colour. Heated in a closed tul)e, it decomposes with explosion and emission of 
light According to Laurent's analysis, it contains 62*7 to 63*3 per cent, carbon, 3*2 
to 3*0 hydrogen, and 10*5 nitrogen, Approximating to the formula C^H^NO^O. 
(66*2 C, 2*9 H, and 9*0 N). 

XS3UALXTS. The mineral from which idrialin is obtained. It is found in the 
quicksilver mine of Idria, mixed with cinnabar, and is sometimes called inflammable 
cinnabar ( Quecksilberhrandert). It is massive and opaque, with greasy lustre, greyish 
or brownish-black colour, and blackish streak inclining to red. Specific gravity, 1*4 
to 1*6. Hardness, 1 to 1*6. 

XSBTL. Bodeker found in a product obtained by the, dry distillation of the 
quicksilver ore of Idria in a close vessel, two peculiar bmpearbons, one of which 
(tdrj/l) formed mammellated groups, fusible at 86°, volatijpjvithout decomposition, 
very soluble in alcohol, ether, acetic acid, and oil of turpentine , while the other formed 
scales melting above 100°, volatilising before melting, and much more soluble than the 
former. Their composition agreed nearly with the formula, «C*H* (94*7 C and 6’3 H). 

IdAITTlUO ACn>. Pelletier and Caventou (Ann. Ch. Phys. [2], x. 142b 
An acid contained, in very small quantity, combined with strychnine, in the bean of 
St Ignatius ; also in nux vomica , and in the root of Strychnos colubrina. It is pre- 
pared by washing the magnesia which has served for the preparation of strychnine, 
with cold water, till the colouring matter is removed, then boiling it with a large 
quantity of distilled water, which dissolves the igasurate of magnesium, precipi tatin g 
it with acetate of lead, decomposing with Bulphydric acid, and evaporating to a syrup* 
The acid is then deposited, after a while, in small hard granular crystals. It has a 
■our, styptic taste, and is very soluble in water and in alcohol. Corriol regard# it as 
identical with lactic acid; but, according to Mars® on (Ann. Ch. Pharm. lxxii.«296), 
this identity does not exist, for igasuric acid precipitates acetate of lead, which lactic 
acid does not. 
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IGASUBIHB^IOLESIASITE. 

The iaasurates are for ttys moat part soluble in water and in alcohol. The u^. 
mum-salt is perfectly neutral, does hot precipitate the salts of iron, mercury, or silver, 
bat colours copper-salts green, and then forms a greenish-white precipitate sparingly 
soluble in water. "**' 


An alkaloid, discovered in 1853 by Desnoix (J. Fharm. [3], 

xxv. 202). It exists in nux vomica, and is found in the mother-liquors from which 
strychnine and brucine have been precipitated by lime at the boiling heat. These 
mother-liquors, if sufficiently concentrated, deposit the igasurine in crystals on the 
Hides of the vessel. It may be purified by dissolving in water acidulated with hydro- 
chloric acid, treating the solution with animal charcoal, precipitating by ammonia, and 
recry stallising. 

Igasurine crystallises in colourless prisms, haring a silky lustre. It is more soluble 
in voter than strychnine or brucine, dissolving in 200 parts of cold and 100 parts of 
boiling water; it is sparingly soluble in ether, very soluble in alcohol . The alcoholic 
solution turns the plane of polarisation to the left: [ «] = — 62 9°. It has not 
been analysed, but its atomic weight appears to be intermediate between those of 
strychnine and brucine. 

Igasurine, when heated, melts and gives off water (about 10 per cent) ; at a higher 
temperature, it is decomposed, with evolution of ammoniacul vapours. Strong stdphurie 
acta communicates to it a rose-colour, which passes to yellow, and then to yellowish- 
green. Nitric acid colours it deep red like brucine ; on adding a few drops of stannous 
chloride, the colour changes to violet Chlorine , passed into a very dilute solution of 
hydrochlorate of igasurine, produces first a rose, then a red, then a yellow colour,* 
bubble of gas being enveloped by a win to pellicle, which is gradually deposited^ 
pulverulent form. If the stream of chlorine be discontinued, the precipitate redisi 
on agitation, and the solution soon afterwards loses its red colour, retaining 
slight greenish tint Iodide of potassium, added to a solution of igasurine, produces 
a crystalline precipitate after a considerable time; ixuluntted iodide of potassium 
immediately forms a brown precipitate. Igasurine is not precipitated by chloral® of 
potassium, but its solutions yield a yellow precipitate with tetrachloride of platinum, 
white with tannin, and with itfusion of galls. 

Igasurine is intensely poisonous, being intermediate in jmwer between strychnin® 
and brucine. 

Igasurine dissolves easily in dilute adds , and is precipitated from the solutions by 
jHitash , soda , and ammonia, the precipitate red involving in exeoss of the alkali, espe- 
cially in potash. It is also precipitated in needle-shaped crystals by acid carbonate 
of sodium, or potassium, in presence of tartaric acid. 

The salts of igasurine are for the most part eryHtnllisable. The sulphate forms 
colourless, silky crystals, soluble in about 4 pts. of boiling water, and 10 pts. of cold 
water. The hydrockloratc resembles the sulphate in form, but dissolves in 2 pts. of 
hot, and about 4 pts. of cold water. The nitrate forms colourless crystals, moro 
soluble in water than either of the preceding salts. 

According to Schiit zenberger (Compt. rend. xlvi. 1234; Ann. Ch. Fharm. cviii. 
^18), igasurine, prepared as above from the seeds of Strychnos nux vomica , yields by 
treatment with h<*t water, and fractional crystallisation, no fewer than nine distinct 
bases, all colourless, very bitter, and aeting like strychnine. They crystallise in 
transparent needles, or in nacreous bulky geodes. They are reddened by nitric acid 
like brucine, which they also resemble in their chemical reactions, but they are moro 
soluble in water and in alcohofc They all contain water of crystallisation (3 or 4 at.), 
which they rive off at 100°. Soli tit zenberger distinguishes them as a, b, c, Ac. 
igasurine, ana assigns to them the following formulae : 

Igasurine a. C* , H**N I 0".3H*0 very slightly soluble. 

„ b. C^JFWO’.SIFO slightly soluble. 

„ c. C**H M N*0 4 .3H*0 moderately soluble. 

„ d. 3H*0 

,, e. C l, H M N 2 0‘.3H 2 0 

/ or 4H J 0 

„ g. C 21 H”N*0« 311*0 very slightly soluble. 

„ A. C 2, H**N 2 0 , .3H*0 moderately soluble, 
f. C 8 *H 5 *N 2 0 T .3H 2 0 

fJ§2vt/5? ^ yields, by oxidation with nitrous acid, a base having the formula 

*1*N*0* , which crystallises in colourless needles, containing 4 at. water, melting in 

T** a 7 atA iii BS di on at 100°, and coloured red by nitric acid, 

d a k* ence °* con fi rm<ltor y evidences, these results must be considered rather 


Syn. with Hohk-Lead. 
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(See Lbad, C&loeob or.) 
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zurra or xa&orra. Syn. with ABJUG 0 Nrrar(t 358). 

yy ^I rtWiiMarML A columbite from fldefonso, in Spain, having a submetollic 
ritreo- adamantine lustre. Specific gravity 7*416 (Dana, ii. 355). 

ILZCZO (Molden hauer, Ann. Ch. Pharm. cii. 350).— -An acid con- 

tained in the leaves of the holly {Ilex aquifolium). It is known only in combination 
with bases. To prepare the calcium-salt, an aqueous decoction of the leaves is pre- 
cipitated with basic acetate of lead; the filtrate, freed from lead by sulphydric acid, 
is heated with hydrate of lead ; the dissolved lead is again removed by sulphydric 
acid ; and the filtrate is reduced to a syrup. The laminae formed after some days are 
purified by pressing, dissolving in water, precipitating with alcohol, and recrystallising 
with the help of animal charcoal, whereby colourless ilicate of calcium is obtained. 

llicate of calcium contains 12*86 per cent, calcium, and is readily soluble in water, but 
insoluble in alcohol An aqueous solution does not precipitate salts of manganese, zinc, 
iron, copper, or silver, but produces a precipitate with stannous chloride, and with the 
neutral and basic acetates of lead. When the lead-salts are decomposed by sulphydric 
acid, a colourless syrup is formed, which still contains lime, and by neutralisation with 
carbonate of barium, yields amorphous ilicate of barium. 

Holly-leaves gathered in January contain guru, or a similar substance, which inter- 
feres with the extraction of the acid. 

zuenr. The bitter principle of Hex aquifolium. According to D61eschamps 
(Report. Pharm. xli. 230), the decoction of the leaves is precipitated with basic acetate 
of. lead; carbonate of potassium is added to make the liquid filter, and to precipitate 
an^excess of the lead-salt ; and the filtrate is acidified with dilute sulphuric acid, again 
saturated with carbonate of calcium, and evaporated to a syrup. Alcohol 
fSs&Kts' from the syrup a light brown, very hygroscopic substance, which, in thin 
dries up to small shining scales. Or, the aqueous extract is exhausted with 
alcohol, the alcoholic solution evaporated, and the dry residue exhausted with 
water at 40°. The filtrate is precipitated with basic acetate of lead, freed from excess 
of lead by sulphydric acid, evaporated, and treated with alcohol, which takes up the 
ilicin, and leaves it behind on evaporation. The aqueous solution of the alcoholic 
extract may also be treated, as above, with acetate of. leud, dilute sulphuric acid, and 
carbonate of calcium in succession, the filtrate evaporated, and the ilicin extracted 
from the residue by alcohol. It is a bitter, amorphous, brown, very hygroscopic mass 
(still containing a little potash), converted by acids at a gentle heat into a black sub- 
stance, with empyreumatic odour. It is soluble in water and alcohol, insoluble in 
ether.— Lebourdin (Ann. Ch. Pharm. lxvii. 254) agitates the decoction of the leaves 
with animal charcoal, then heats it therewith to boiling; leaves it to cool; removes 
the now colourless and tasteless liquid; washes the charcoal with cold water; boils 
it with alcohol ; and leaves the filtrate to evaporate : it then leaves a colourless, very 
bitter syrup, and finally an amorphous, neutral jelly, easily soluble in water and in 
alcohol. — Moldonhauer's ilicin (Ann. Ch. Pharm. cii. 362) appears also to bo different 
from this. Moldenhauer removes the alcohol from the alcoholic extract of the leaves 
by distillation, and the separated resin by filtration ; precipitates with basic acetate of 
lead ; washes the yellow precipitate, and decomposes it under water with hydrosulphuric 
acid. The sulphide of lead, after being well boiled with water, yields the ilicin to 
alcohol, as a very bitter, dark brown substance, resembling tannin, and slightly i» 
water. — Bennemann (N. Br. Arch, xciii. 4) gives the name of ilicin to crystals which 
he obtains as follows : He precipitates the dccoctiorr with basic acetate of lead; 
decomposes the washed precipitate under water with sulphydric jgud ; filters the liquid 
from the sulphide of lead, and evaporates to dryness. By repeatedly exhausting the 
residue with alcohol, and leaving the solution to evapojgy, needles were finally 
obtained, but not in sufficient quantity for further examinatwEl 

ZLIXANTHIN. (Molde nil auer, Ann.-xfi. Pharm. cii. 346.)--A 

substance occurring in the leaves of the holly ( Ilex aquifolium). The leaves gathered 
in January contain scarcely any ilixanthin, while those gathered in August contain a 
large quantity. The leaves are exhausted with alcohol of 80 per cent. ; the tincture 
thus obtained is freed from the greater part of the alcohol by distillation; and the 
residue is set aside to crystallise. The granules, which separate after some days, are 
dried, washed with ether to remove the green colouring matter of the leaves, dissolved 
in alcohol, and again separated by evaporation and addition of water ; they are, lastly* 
recrystaUised from hot water. A further quantity of ilixanthin may be obtained from 
the mother-liquor by reducing it to a syrup, dissolving in absolute alcohol, evaporating 
the alcoholic solution, dissolving the residue in water, and precipitating with busy* 
acetate of lead. The washed precipitate is decomposed under hot water with snl pfay dnu 
acid, and the filtrate is evaporated to a syrup, whereupon the ilixanthin crystalli ne w 
in straw-yellow microscopic needles, which melt at 198° to transparent red- yellow drop** 



v; - DtMENltE^IMATRA STONES. ' - 

HixAntbin boils and decomposes at 216°. It does not reduce an alkaline solution 
of cupric oxide, exon on prolonged boiling. It is nearly insoluble in cold wafer, but 
dissolves easily in hot water, forming a yellow solution ; also in aloohol, but ia insoluble 
in ither. It dissolves in warm concentrated hydrochloric acid . The colour of the 
aqueous solution is changed to orange- yellow by alkalis and alkaline carbonate *, but 
becomes colourless on addition of sulphuric acid. Ferrous and cupric salts do not 
Hffect ilixanthin ,* ferric chloride colours it green. Neutral or basic acetate of lead pro- 
duces in the aqueous solution of ilixanthin a splendid yellow precipitate, soluble without 
colour in acetic acid. 

Ilixanthin forms a yellow dye on cloth prepared with alumina or iron mordants. 

HMSVXTB. Titan iferous Iron. See Tita nates. 

XLMXOrZVW, According to Hermann (J. pr. Chem. xxxviii. 91, 119; xl. 475; 
Ixv. 52), Siberian yttrotantaJite, oryttroilmenite, contains a peculiar metal which forms 
an acid, ilmenic acid, closely resembling niobic acid (see Niobwm), but, nevertheless, 
distinguished from it by its lower specific gravity, bv the insolubility of its hydrate in 
hydrochloric acid, and by forming with sulphuric aeia a compound which is decomposed 
by a large quantity of water, leaving a residue of hydrated ilmenic acid. According to 
If. Rose, however (Pogg. Ann. lxxi. 157), the supposed ilmenic acid is merely niobio 
acid, more or less impure. Rose also regards yttro-ilmenite as identical with urano- 
tantalite or Samarskite ( q . v.) 

ILVAXTB. See Llkvkitb. 


XMABXNZILS. C H H n NO. (Laurent, Rev. scient. x. 122; J. pr. Chem. xiyix. 
312.) — Produced, together with benzilam and benzilimide, by the action of 
©nbenzile: 

C H H ,# 0* + NH» - C H H"NO + 11*0. ' '$r 

Pensile is dissolved in warm absolute alcohol ; dry ammoniacal gas is passed through 
the still warm solution; and the liquid is left to cool, while the passage of the gaeis 
continued. After 24 hours, the liquid, together with the sediment which has formed, 
is heated to the boiling point, and filtered ut the same temperature. Imabcnzile then 
remains on the filter, and may be purified by washing with ether. 

Imabenzilo is a white inodorous powder, which separates from its solution in boiling 
ether-alcohol, in microscopic right rhombic prisms with dihedral summits, whose faces 
rest on the obtuse lateral edges. It melts at 140°, remains soft and glutinous on cooling, 
and then solidifies without crystallising. It is quite insoluble in boiling alcohol and 
ether. It is partially decomposed during fusion. When subjected to dry distillation, 
it neither gives off gas nor leaves any carbonaceous residue. When gently heated 
with nitric acid, it gives off red vapours, and yields a yellow oil, which solidifies in the 
crystalline 'form on cooling, dissolves in alcohol, and crystallises therefrom in small 
needles united in tufts, but is insoluble in ammonia. It is not altered by boiling with 
hydrochloric acid. It dissolves in gently heated sulphuric acid, and the solution, mixed 
with water, deposits benzilam. It dissolves readily in boiling alcoholic potash ; and 
water added to the solution throws down benzilimiae, while nothing but potash remains 
dissolved. 

***A8JLTXC ACX3>. Syn. with Isamic Acid. 

XMASATXJT. (Laurent, Ann. Ch. Phys. [3] iii. 483.)~A com- 

pound produced by boiling a solution of isatin in ammonia. If is of a greyish-yellow 
colour, often inclining to brown or green, and crystallises sometimes in lamellated 
pains, sometimes in radiated spheres of a darker colour. It is insoluble in water and 
in ether, very sparingly soluble in boiling alcohol. It is decomposed by dry distilla- 
tion, yielding a large quantity of charcoal and a sublimate of colourless needles. It 
is not attacked by boiling hydrochloric acid. Cuustic potash dissolves it, and the 
solution, diluted with water and neutralised by an acid, yields a whitish, gelatinous 

precipitate. 

DuhJorimasatin , C ,€ H*C1*N*0*, is a powder of slightly reddish colour, produced by 
the action of ammonia on an alcoholic solution of chlorisatin. 

Tt trabromimasalin, C^H’BriNKP. Reddish -ye llow scales produced by the action 
of ammonia on tetrabrom isat i n . 

***AT1a STOWIS. Stony concretions found in a marly formation on the 
Schuttgebirg in Finland. They were regarded by Parrot (Pctersb. Acad. Bull. 1839, 
vi. 183) as petrified molluscs, on the ground that they contained calcium and sulphur, 
neither of which elements were found by him in the formation in which they were 
imbedded. On the other hand, Virlet (Bull. G6ol. ii. 219; iv. 22 ; Jahresber. 1847-8, 
P- 1298) regarded them merely as calcareo-aluminous concretions produced by mol e- 
Ctt *w attraction. The concretions (.4), and the formation ( B ) in which they are found. 
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)mt 0 -b^4n analysed by Ulex (Jahresber. 1861, p. 1086); the latter, also (B*) by 
SalTltfrt {ibid. 1298) : 

■ . '■■■ ; ■ Tin* and 



sto* 

CaCO* 

Al a O* 

Fe*O s 

Mo a 0 4 

H*0 

Alkali 

TiO* and 
MgO 


A. 

70-8 


151 

8*8 

2*1 

3*7 

» . 

.■ . 

a 1000 

B . 

31-8 

61-1 

8-2 

6*5 

2*4 

. . 

• . 

. . 

- 100*0 

B. 

34*1 

47*8 

9*0 

4*0 

2*0 


0*5 

traces 

- 97*4 


XMBSATXJT. C # H*N 2 0. (Laurent, loc. tit.)— Obtained by passing dry am- 
monia gas into a boiling solution of isatin in absolute alcohol, in which a Slight excess of 
pulverised isatin is suspended. It forms colourless right prisms, with rectangular base, 
inodorous, insoluble in water, moderately soluble in boiling alcohol, very sparingly in 
ether. Heated with a small quantity of alcohol and hydrochloric acid, it dissolves 
readiiy and decomposes, yielding isatin and sal-ammoniac. The same decomposition 
is produced by potash. 

Chlorimeaatin , C 8 H 5 C1N 2 0, resembles imesatin, and is obtained in like manner from 
chlorisatin. It forms yellow hexagonal scales, sparingly soluble in boiling alcohol, 
nearly insoluble in ether. It is slowly decomposed by boiling water, with evolution of 
ammonia. When heated, it gives off ammonia, yields a sublimate of yellow needles, 
and leaves charcoal. 

Monamides, in which 2 at. hydrogen are replaced by a diatomic radicle; 
e.g. suctinimide , N(CO)"H; pyro-tartrimide, N(C s H fl O)"H. (See Amides,) 

ZMFEXATOR1A OST&UTHXOTK. (Masterwort.) — The root of this plant 
(analysed by Keller) contains 0*2 per cent, of a resin called imperatorin or peucedanin; 
16‘0 fat and volatile oil; 5 6 extract soluble in water and alcohol; 8*8 gum and salts 
soluble in water; 9-2 starch and extract soluble in boding water; 41*2 vegetable fibio, 
and 19*0 water (and loss). (Pelouze and Fr^my, Traite, vi. 398.) 

X1MEFB&ATO BIN • See Peucedanin. 

nrCZVBSATZON. See Ask (i. 417). 

XSTDBBXBBOMB. C ,a H 8 Br 4 N a 0 4 . — A yellow substance, insoluble in water, 
produced by the action of bromine on isamic acid. (Laurent.) 

XNDXANXTB. A variety of anorthite (i. 308) found in tho Carnatic, differing 
somewhat from ordinary anorthite (from V^uvius) in the composition of the protoxides 
which it contains. According to Laugier'S analysis (Mem. du Mus. d. hist. nat. vii. 
311), it contains 42*0 to 43*0 per cent.SiO 2 , 34 0—34*5 APO*, 15*0— 15 6 CaO, 3*35— 
2 6 Na 2 0, 3*20—1*0 Fe 2 0*, and 10 water. 

XNBXAN xirx or CHINA XNJL. A black pigment, the best varieties of which 
are imported from China. It is composed of a very fine black, said by Prechot to b« 
obtained from camphor, cemented together with gelatin. 


XNBXAV XtB3>. A mineral from the Persian Gulf, used as a pigment. The hard 
coarse powder has a dark red colour, with a tingo of purple. Specific gravity 3*843. 
The following analyses, A, of the ontire mineral, B, of the portion soluble in hydro- 
chloric acid, are by How (Ediub. New Phil. J. new series, ii. 306; Jahresber. 1835, 
p. 925): 

SIO* F.’O 1 A.’O 3 CiO MgO SO a CO* 11*0 

A. 30*17 66*59 3*79 2*65 1*43 2*28 1*73 1*62 = 100*26 < 

B. (. . 3*91 2*22 2*05 0*87 2*28 1*73 . .) = 13*66 i. 

The principal portion (insoluble in hydrochloric acid) is a ferric silicate, Fe*Qf4tffiO*. 

The name Indianredis also applied to another pigmen^; of similar colour, J^i&t* 
ing chiefly of sesquioxide of iron. fcj" 

INDIAN TXLLOW or PVXltSS. A yellow pigdE& consisting essentially of 
euxanthate of magnesium. (See Euxinthio Acid, ii. 609, “knd Puasbb.) 

INDICAN. C-'*H >, NO ,T (Schunck, Phil. Mag. [4] x. 73; xv. 29, 117, 288; 
Jahresber. 1865, p. 660; 1858, p. 465.— Gm. xvi. 1.)-— A colourless substance existing 
in woad, and most probably in other plants which yield indigo-blue. It likewise ocenrt 
in human urine, both healthy and diseased, and when present in considerable quantity, 
causes the urine, after spontaneous fermentation, or on addition of acids, to deposit 
sometimes indigo-blue, sometimes indirubin. It may be detected by precipitating the 
urine with basic acetate of lead, collecting the precipitate which forms tfe* filtrate 
on addition of ammonia, and decomposing it with cold dilute adds, the iinVate then 
depositing, first, indigo-blue, then indirubin, and afterwards other pMwbialV 
decomposition of indican. Indican is also found in the blood of man, and 
and urine of the ox. (Carter, Ed. Med. J., Aug. 1859.) 

Preparation. — From wood-haves, caref ully dried and pulverised while^arvu—i 
leaves are exhausted with cold alcohol in a percolating apparatus; th^wreen tittdi* 
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Is precipitated with alcoholic sugar-of-lead and a little ammonia- water ; and the pale 
green precipitate, after washing with cold alcohol, is decomposed under wafcqe by a 
stream of carbonic anhydride ; it then loses its colour, and yields a yellow solution, 
which, when freed from dissolved lead by sulphydric acid, and evanomted over oil of 
vitriol, yields indican. — 2. The tincture prepared with cold alcohol is concentrated, 
after addition of a little water, by passing a stream of air over it at the common tem- 
perature; the fat which separates is removed by filtration; the filtrate shaken up with 
recently precipitated cupric hydrate; the liquid again filtered; the filtrate freed from 
dissolved copper by sulphydnc acid ; and the liquid separated from the sulphide of 
copper is evaporated at the temperature of the air. From the residual brown syrup, 
coliHdcohol dissolves out the indican, leaving undissolved a brown viscid mass which 
contains oxindicanin. By mixing the alcoholic solution with 2 vol. ether, further pro- 
ducts of decomposition are precipitated, whilst the indican is obtained by evaporating 
the filtrate. When thus prepared it still retains a little fat. 

properties. — Indican forms a yellow or yellow-brown syrup, which cannot be dried 
without decomposing. It has a slightly bitter and repulsive taste, dissolves in water t 
with yellow colour, also in alcohol and ether. The alcoholic solution forms, with acetate 
of lead, a sulphur-yellow precipitate, which increases on addition of ammonia; the 
aqueous solution is precipitated by acetate of lead only after addition of ammonia. 

Decompositions . — 1. Indican decomposes even when gently warmed, and at a stronger 
heat swells up and emits vapours which condense to an oil, solidifying partially in the 
crystalline form. 

2. The aqueous solution is decomposed by heat, und by spontaneous evaporation, 
yielding the following products: 

a. Oxindicanin , C w H M NO ,# . This compound separates on spontaneous evaporation, 
and may be purified by repeated solution in water and precipitation by alcohol. It 
is a brown viscid combustible gum, having a nauseous taste ; by boiling with dilut# 
sulphuric acid, it is resolved into indifuscin and indigluein : 

2C**H M NO ,# - C* 4 H M N s O* + 2C , H ,0 O i + 4CO* + 3H*0 

Oxindicanin. lodifuscin. Indigluein. 

b. Oxindicasin . — Produced when an aqueous solution of indican is evaporated by 
heat, the indican, according to Schunck, being first converted, with separation of indi- 
gluein, into indicanin, the latter, with absorption of oxygen, into oxindicanin, and this 
last being resolved, with assumption of water, into oxindicasin and indiglncin: 

2C 20 H»NO u + 3 IPO - C«H"N O” + 2C*H»*0* 

Oxindicanin. Oxindicasin. Indigluein. 

It is purified like tho preceding, which it resembles. Its aqueous solution, preci- 
pitated with excess of neutral acetate of lead, yields a yellow lead-salt containing 
O'* II W N*. 4Pb*0. 

c. Indicasin . — The liquid filtered from tho lead-salt, of oxindicasin, and containing 
excess of lead-acetate, yields, when treated with a large quantity of alcohol, a pals 
yellow precipitate = C^H^N’O^.CPb'O. 

3. In contact with soda-icy or baryta-water , indican is resolved into indicanin and 

indigluein: « 

C^HPNO 17 + H 7 0 - C*fl n NO'* + C*II'*0 # 

Indican. Indicanin. Indigluein. 

A solution of indican, left for several days in contact with soda-ley, yields, with acids, 
thdirubin produced from the indicanin ; after longer standing, mdirctin is likewise 
obtained, and in some cases the latter is the only product. 

4. Indican is decomposed by dilute acids in the cold, and more quickly when heated* 

The decomposition is induced by tartaric and oxalic acids, as well as by mineral acids, 
less easily by acetic acid. Aqueous indican mixed with dilute sulphuric acid, becomes 
turbid on standing, and deposits blue flocks, the formation of which ceases after 24 hours. 
The filtrate, after standing for some time, and still more when heated, deposits a brown 
powder, while leucine and indigluein remain in solution, together with, certain volatile 
products, vis. carbonic, formic, acetic, and perhaps propionic acid, which escape when 
the liquid is heated. . 

The substance insoluble in water is a mixture of six different bodies. . On exhausting 
it, first witjk cold, then with warm dilute soda-ley, indihumin, indi/uscin t and indiretin 
are dissolved; the residue yields to alcohol, a- or fl-mdiful vin and indirubin t together 
with ratfdnas of indifuscin, while indigo-blue remai ns in solution. Instead of indifusem, 
indjfvsoon* is Sometimes obtained. Schunck gives the following formula : — 

Formation of indigo-blue or its isomer, indirubin, and of indigluein : 

* C**H i, NO lf + 2H*0 — 0*H‘NO + &&WO* 

ludicaa. ludigluda. 
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put o t the indigo-blue is said to split up into leucine, formic add, and carbonie 
anhydride: + 5H * 0 _ c*H‘*NO* + CH*0* + CO* 

Indlgo-blue. Leucine. Formic add. 

b. Formation of o-indifulvin, indiglucin, and formic acid : 

2C*•H , *NO l, + 5H 2 0 = C”H 2 *N 2 0* + 4C*H ,# O e + 6CH*0* 

• Indifulvin. Indiglucin. Formic acid. 

c. Formation of 0-indifulvin, indiglucin, formic acid, and carbonic acid: 

ttC^H^NO 17 + 7H 2 0 *» C 44 H w N 4 0* + 8C*H I# 0* + 10CH 2 O* + 2CO* 

Indican. & Indifulvin. Indiglucin. Formic acid. 

d. Formation of indilmmin, indiglucin, propionic acid, and carbonic anhydride : 

C^iF'NO' 7 + 2H 2 0 ~ C ,# H*NO» + 2C 8 H ,0 O 8 + C # H 8 0* + CO’ 

Indican. Indihumin. Indiglucin. 

e. Formation of indifuscone, indiglucin, acetic acid, and carbonic anhydride 

2C**H si NO ,t + 3H 2 0 *= C* 2 H 20 N 2 0 5 + 4C U H , ‘ 1 0 8 + 2C 2 H 4 0 2 + 2CO* 

Indican. Inu ifuscone. Indiglucin. Acetic acid. 

f t Formation of indiretin, indiglucin, carbonic anhydride, and water: 

C 28 H 3l NO IT = C'^H^NO 8 + C 8 H l0 O 8 + 2CO* + 2H 2 0 

Indican. Inditetin. Indiglucin. 

ZN9SOANIN. C* # H 2S N0 12 . (Sell u nek, Phil. Mag. [4] xv. 183.) — This com- 
pound is produced, together with indiglucin, by the action of aqueous alkalis or baryta- 


water on indican : 


C-H^NO" + H 2 0 


C 2< TI 2 *N0‘ 2 + C fl II'°0 8 . 


Indicanin is left in contact with baryta- water ; the liquid is precipitated with dilute 
sulphuric acid ; and the filtrate is freed from excess of sulphuric acid by carbonate of 
lead, from lead by sulphydric acid, and evaporated in a stream of air at mean tempera- 
ture. The residue is dissolved in alcohol ; the solution is mixed with twice its volume 
of ether, which precipitates indiglucin; and the filtrate is left to evaporate. 

Indicanin is a yellow or brown bitter syrup, soluble in water , alcohol , and ether. 
When heated on platinum-foil, it swells up strongly and leaves charcoal. By dry dis- 
tillation it yields a brown oil in which white noodles form. When boiled with acids, 
it yields indiglucin and indirubin, and if impure, likewise indiretin and indifusciu. 
Formation of indirubin : 

C M H M NO ,s + H 2 0 - C 8 II 4 NO + 2C 8 H ,# 0 8 . 


When boiled with soda-ley, it gives off ammonia. 

Aqueous indicanin forms a slight precipitate with neutral acetate of lead; from 
alcoholic indicanin an alcoholic solution of neutral acetate of lead throws down a copious 
sulphur-yellow precipitate, soluble in excess of the lead-acetate, precipitable by am- 
monia, and containing C 2 *H M N0 ,2 .3Pb 2 0. 

JUM DZTVLVXlf • (Schunek, loc. n't .) — This name is applied to two compounds, 
distinguished as a indifulvin, and 0 indifulvin, C 44 IP*N 4 0* which are 

obtained, together with indifusciu, indiglucin, indigo-blue, indihumin, indiretin, and 
indirubin, by treating indican with dilute acids. 

I*reparation . — Indican is heated with dilute sulphuric acid; the flocks which sepa- 
rate are collected (the solution which runs off being preserved for the preparation of 
indiglucin), washed with cold water, and treated, first with cold, then with warm dilute 
soda-ley, which dissolves one portion, and leaves another containing a- and 0-indifulvin, 
indirubin, and indigo-blue. The alkaline solution is precipitated with hydrochloric 
acid, and the precipitate is collected, washed, and treated wi A b oiling ammonia, Which 
dissolves indiniscin and indiretin, and leaves indihumin. jBie ammoniacal solution, 
neutralised with acetic acid, yields a precipitate of indif^sein, and an additional 
quantity of this product is precipitated from the filtrate by alcoholic sugar-of-lead. The 
indiretin which still remains in solution is separated by ammonia, in combination with 
lead-oxide and contaminated with indifusciu ; it is separated from the lead-oxide by 
treating the precipitate with acetic and then with hot hydrochloric acid, and purified 
by repeated solution in alcohol, which leaves the indifusciu undissolved. 

The mixture of a- and 0-indifulvin, indirubin, and indigo-blue, insoluble in dilute 
soda-ley, gives up to boiling alcohol everything excepting the indigo-blue. The purple- 
brown alcoholic solution, mixed with ammonia and alcoholic sugar-of-lead, deposits 
residues of substances soluble in soda-ley ; and on separating these, then adding excess 
of acetic acid, distilling off the alcohol, and diluting largely with water, purple-brown 
flocks are obtained, from which, when purified with dilute soda-ley, a small quantity of 
cold alcohol extracts indifulvin. On boiling the residue with an alkaline solution of 
protochloride of tin, filtering hot > and exposing the filtrate to the air, a purple-red 
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deposit is formed, consisting of in di rn b i n. This is washed with water and dissolved 
in alcohol. The portion insoluble in the alkaline solution is a mixture of indirubin 
and indifulvin. 

Indiful vin is obtained of various composition, a or 0, according to circumstances 
not well understood. It is a brittle, friable, reddish-yellow resin, which, when heated, 
melts, burns with flame, and leaves charcoal. Heated in a glass tube, it gives off a 
strong-smelling vapour, condensing to a brown oil, which solidifies in the crystalline 
form. Dissolves in strong sulphuric acid , with green-brown colour, and chant when 
heated. By ordinary nitric acid , it is scarcely attacked, even at the boiling heat; but 
it dissolves in fuming nitric acid, and is precipitated by water in orange-yellow flocks. 
By heating and evaporating the liquid, a yellow resin is obtained, togetlier with crystals 
soluble in water, and different from oxalic acid. It is slowly decomposed by chromic 
acid. It does not dissolve in aqueous alkalis , even at the boiling heat, or on addition 
of grape-sugar, or dichloride of tin. 

UfDirus cnr, C* 4 H w N*0», and XironPVftCOara, C^II^N’O 3 ?— These com- 
pounds are produced in greatest quantity by the action of dilute sulphuric acid on 
tndiean which has been previously exposed to the air, A brown powder is then formed, 
containing from 59*4 to 67*6 per cent C, 6*78 to 7*12 N, and 29*12 to 20*23 O, so that 
it appears to agree, sometimes with one, sometimes with the other of the formulas just 
given. When heated, it emits vapours, with on odour of burning turf, and yields an 
oily distillate. It burns without fusion ; colours chromic acid green ; with boiling 
nitric acid it yields oxalic and picric acids ; dissolves in strong sulphuric acid, with 
brown colour, giving off sulphurous anhydride when heated. It is insoluble in boiling 
water; dissolves easily in alcoholic ammonia , whence it is precipitated in brown flocks 
by acids ; also in aqueous alkalis and alkaline carbonatis, and is precipitated therefrom 
by metallic salts ; sparingly soluble in boiling alcohol. 

xiroxaxtrcxjr. C“H ,0 O*. (Schunck, Phil. Mag. [4] X. 73; xv. 183; Jahresber. 
1856, 659; 1858, 465; Gm. xv. 302.) — Produced, together with the products above 
mentioned, by heating indiean, indicanin, oxindicanin, or oxindicasin, with water, 
acids, or alkalis (pp. 247, 248). 

Preparation. — Tincture of woad-leaves, prepared with cold alcohol, is evaporated in 
a current of air; the residue is mixed with cold, very dilute sulphuric acid, and the 
fut which falls to the bottom is immediately separated by filtration. The filtrate 
serves instead of the acidulated aqueous solution of indican. The decomposition, 
which begins in the cold, is kept up by gentle heating, whereupon the solution 
becomes turbid, and a mixture of six insoluble substances separates (p. 247); the 
liquid is then filtered, the residue washed with cold water, and decomposed in the 
manner described under indican. The filtrate, freed from sulphuric acid by carbonate 
of lead, and from lead by sulphuric acid, evaporated to a syrup in a stream of air, 
dissolved in alcohol, and mixed with a large quantity of ether, deposits leucine in 
crystals, and indiglucin as a syrup. The latter, after the removal of the crystals, is 
dissolved in water; the solution is mixed with acetate of lead; the scanty precipitate 
is removed; and the yellow lead-compound of indiglucin is precipitated from the filtrate 
by aqueous ammonia. The lead-salt decomposed by sulphydric acid under water, and 
treated with animal charcoal till a sample gives a white precipitate with ammoniacal 
sugar-of-lead, yields a solution from which, by evaporation, solution of the residue in 
alcohol, and addition of ether, the indiglucin is precipitated in the form of a syrup. — 
2. In the preparation of indicanin from indican, by mixing the latter with baryta-water 
and leaving it at rest, then removing the baryta, evaporating the filtrate in a current 
of air, dissolving the residue in alcohol, and precipitating by ether, indiglucin is sepa- 
rated as a syrup. This syrup is dissolved in alcohol, mixed with excess of alcoholic 
rogar-of-lead, the brown precipitate removed, and the solution precipitated with am- 
monia. The lead -com pound of indiglucin is purified and decomposed as in method l. 

Indiglucin is a colourless or light yellow syrup having a slightly sweet taste, soluble 
in water and in alcohol , but precipitated from the alcoholic solution by ether . 

It swells up when heated, and gives off an odour of caramel. With boiling nitric 
<*cid y it forms oxalic acid. With strong sulphuric acid , it becomes carbonised. When 
boiled with soda-ley, it turns yellow, and separates brown flocks. From an alkaline 
cupric solution it reduces cuprous oxide; from an aqueous and still more from an 
ammoniacal solution of nitrate of silver, it reduces metallic silver; similarly with 
trichloride of gold. It is not fermentable, but turns acid by prolonged contact with 
yeast. 

Aqueous indiglucin dissolves hydrate of calcium, and the solution on boiling de- 
posits copious yellow flakes, which dissolve on cooling, and are precipitated by alcohol* 
* rom * mixture of indiglucin with baryta-water alcohol throws down yellow flake*.— 
Aqueous indiglucin is precipitated by neutral or basic acetate of lead, only after addi* 
tion of a mmoni a; the precipitate has the composition C , *Pb"0 ,, .3Pb # 0. 
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SSBXOO-Biva. C*H»N0 or C'*H 4 N0 7 . — Blue Indigo. Indigo# n. Oxidised 
Indigo (Gw. xiii. 35 ; Gerh. iii. 514). — This important colouring matter wax known in 
India and in Egypt before the Christian era, and is mentioned by Dioecorides and 
Pliny under the names U$uc6r and indicvm. Egyptian mummies hare been found 
wrapped in blue cloths, the colour of which exhibited all the characters of indigo. 
The Ro ma ns used it only as a pigment, not being acquainted with the method of dis- 
solving it. Its introduction into Europe as a dye is generally attributed to the Jews, 
who during the middle ages practised the art of dying with indigo in the Levant. It 
was first imported in large quantities into the European markets from India in the 
seventeenth century by the Dutch. 

Indigo is chiefly obtained from various species of Indigo/era , namely, 7. tinctoria, 
I. Anu, 1. disperma and I. pseudotinctoria , cultivated especially in the East and West 
Indies; from Nerium tinctorium and Calanthe verairi folia , natives of Hindostan; 
Asclepias tinctoria and Marsdenia tinctoria of Sumatra, Polygonum tinctorium, Isatis 
indigotica , Justida tinctoria and Bletia Tankervillia of China, and Amorpha fruticosa 
of Carolina. The only European plant which yields true indigo-blue is woad {Isatis 
tinctoria ), which was extensively used for blue-dyeing before the introduction of 
indigo ; out it is much less rich in indigo than the tropical plants above mentioned, 
and is now used only as an addition to the indigo-vat (p. 252). The following 
European plants also yield blue colouring matters more or less resembling indigo, but 
apparently not identical with it: Astragalus glycyphyllus, Centaurea Cyanus , Chelidonium 
magus, Cicer arietinum , Colutea arborcscens , Coronilla Emerus , Galega officinalis , 
Hedysarum Onobrychis, Inula Heleniwn, Iris germanica , Lotus comiculatus, Medicago 
sativa , Mercurialis perennis , Polygonum aviculare , Polygonum Fagopyrum , Ehinanthus 
Crista-galli , Sambucus nigra , Sambucus Ebulus, Scabiosa succisa and Vaceintum 
Myrtillus . 

Indigo-blue is sometimes deposited from human urine both healthy and diseased, 
being produced by spontaneous fermentation from indican (p. 246). It has also 
been occasionally observed to form in the milk of cows, especially such as have been fed 
exclusively on sainfoin. 

With regard to tho state in which indigo exists in the plants from which it is 
obtained, and the nature of the process by which it is converted into indigo-blue, 
various opinions have been entertained. Roxburgh ( Transactions of the Society of 
Arts, vol. xxviii.) supposed that indigo plants contain only the base of the colouring 
matter, which of itself is green ; that it is kept in solution by the carbonic acid evolved 
in the preparation of indigo, set free by the addition of alkalis, and absorbs from the 
air a substance which converts it into indigo-blue. Giobert {'Praiti sur le pastd, 
Paris 1813) supposed that indigo-plants contain colourless indigogen, which is 
soluble in water and contains more carbon than indigo-blue, into which it is converted, 
with formation of carbonic acid, by absorbing oxygen from the air. This oxidation is 
promoted by heat or by the presence of alkalis, especially by lime ; it is arrested by 
acids, even by carbonic acid. (Giobort.) 

According to Chevreul (Ann. China, lxvi. 8 ; lxviii. 284), woad and other indigo- 
plants contain indigo-white, C 8 II“NO, which contains 1 at. H more than indigo-blue, 
and being held in solution by the sap, is converted into indigo-blue by oxidation, on 
exposure to the air: 

2C*H*N0 + O - 2C'H»N0 + IDO. 

This explanation, being the simplest, was very generally adopted, until Schun ok 
(Phil. Mag. [4] xv. 29) pointed out that white indigo cannot exist in any plant, 
since it requires free alkali for its solution, whereas the sap of plants is always acid, 
and moreover contains free oxygen. Scliunck has further sliten that woad contains 
in die an, (p. 246), which is readily soluble in water, and wheUpiled with acids splits 
up into indigo-blue and indiglucin, without the intervention dp3xygen : 

C M H» NO 17 + 2H*0 - CTPNO + 3C*H W 0*. 

lndican. Indigo-blue. Indiglucin. 

The same substance probably exists in other indi goferae, and in other plants 
which indigo is obtained, and during the steeping process, presently to be described, is 
resolved, in consequence of the fermentation which takes place, into indigo-blue and 
indiglucin. 

Preparation of Commercial Indigo . — 1. From fresh leaves . — In Bengal, the plants, 
which are cut close to the ground whilst the blossom is unfolding, are placed in a brick 
cistern {steeping vat, Gdhrungskupe, trempoire , pourriture ), which is filled several inches 
deep with cold water, and allowed to ferment. At 30° C. (86 F.) the fermentation is 
finished in from 12 to 15 hours ; at lower temperatures it requires a longer time. The 
gas evolved is a mixture of carbonic anhydride and atmospheric air from which the 
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oxygen has been absorbed. When the liquid no longer rises, it is drawn off into the 
beating vat {8chlagekupe t batterie) which stands lower, where it is kept stirring for an 
hour and a b*lf or two hours, whereupon carbonic anhydride is evolved and the indigo 
at first separates in large flakes. When, after being repeatedly stirred, it forms grains 
like fine sand, and the solution is clear, the indigo is allowed to settle. After two or 
three hours, the liquid is drawn off from the deposit. If the fermentation is properly 
conducted, the indigo settles readily down, the liquid is of a malaga-brown colour, ana 
forms a thick foam which rapidly disappears. The deposit is boiled for three or four 
hours in a copper vessel and then thrown upon a linen filter ; it is afterwards pressed, 
cut into squares, and dried by heat. 1000 pts. of the solution of the leaves yield from 
0*6 to 0*7 pts. of indigo ; more is precipitated on the addition of potash-ley or lime- 
water, but it is not so pure. 

Respecting the manufacture of indigo in the Caucasus, see Dingl . pol. J. 126, 304. 

2. From dry leaves. — In the southern parts of India, the leaves of the indigo 
plant are dried, and packed up for a month, more or less, at the expiration of which 
time they assume a light lead colour ; by additional keeping the lead-colour gradually 
darkens till it becomes black. Experience has proved that the leaves will not give 
out any colouring matter to cold water till the first change has commenced, when the 
maximum quantity of indigo seems to be developed ; and that from this period it di- 
minishes. If from fear of rain the plant be cut too soon, the leaves should be kept 
proportionally longer; but if, from want of sufficient sunshine, the cutting be deferred 
till after the plant is fully ripe, the leaves will not require to be kept so long. 

These leaves, after due keeping, are transferred to the steeping-vat, where they are 
infused in water, in the proportion of about one volume of leaves to six of water, and 
allowed to digest for two hours, with occasional stirring. The water is then run off 
through strainers into the beating-vat, where it is agitated by the paddles of ten or 
twelve natives for about two hours, during which time the fine green liquor gradually 
darkens to a blackish hue. Lime-water is now thrown into the vat, and well mixed 
with the liquor. The supernatant Madeira-coloured liquid is run off after repose, and 
the subsided blue indigo is drained on cloth. Next morning it is mixed with water in 
a copper and boiled ; after which the wholo is thrown on strainers, and the indigo 
collected is dried and formed into cakes. (W cston, Journal of Sou-nce, xxvii. 206.) 

Indigo is obtained in the same way in the south of France from a hot extract of jVrWu//* 
tinctorium and Polygonum tinctorium (J. Phurm. xxvi. 276; J. pr. Chem. xvi. 180). 

1 ndigo was formerly prepared from woad in a similar manner, by employing tepid 
water and precipitating with lime-water; a deeper colour was imparted to the product 
by extracting the carbonate of calcium with hydrochloric acid. The preparation of 
indigo from Polygonum tinctorium is rendered difficult by a resin which the plant 
contains. This resin is separated by mixing the bruised leaves with one-tonth of 
their weight of protosulphate of iron, and adding a sufficient quantity of water, together 
with an excess of carl>onate of potassium ; the whole is then thrown upon a filter, and the 
solut ion mixed w ith sufficient nitric acid to render it slightly acid. On neutralising with 
carbonate of potassium, it becomes blue and deposits all the indigo-blue within 
24 hours; tho indigo has then the same properties as that obtained from lndigofcra. 
(Gaudry, N. J. Pharm. v. 133.) 

Purijication. — Commercial indigo contains from 60 to 60 r>er cent, of pure indigo- 
blue, the remainder consisting of indigo-gluten, indigo-red, indigo-bfown, and a number 
of brown resinous products, &c., formed either by decomposition of the indigo-blue 
produced in the first instance, or directly from tlie indican itself (o. 246). Certain 
substances are also occasionally added to indigo for tho purpose of adulteration. 

Indigo may be purified from most of these foreign matters by treating it success! velr 
with dilute sulphuric or hydrochloric acid, with boiling water, anu with alcohoL 
This treatment however does not yield a chemically pure product, and it is better to 
resort to the process of the vat, which consists in converting tho indigo-blue into 
indigo-white by the action of reducing agents, and subsequently reoxidising it. This 
process is also one of great industrial importance, being that which is uaod by dyers 
for rendering indigo soluble and fixing it upon tissues. 

a. Cold Vats I. Copperas or common blue vat. ( Cuve d la couptrose ; VitrioU 
*«/*.) In this, which is the kind of cold vat generally used for dyeing cotton, hemp, 
and flax, the indigo-blue is reduced by tho action of protosulphate ofiron. 1 pt. of 
finely ground indigo is mixed with hot water, in which 4 pts. or quick-lime are slaked j 
to this is added a solution of 3 pts. of sulphate* of iron free from copper, the whole 
bring stirred. (If the sulphate of iron is yellowish, one-third more is taken.) Water 

added, to the amount of 100 or 200 times the weight of the solphate of iron, accord- 
ing as the dye is required dark or light, and the whole, after bring stirred, is left at rest, 
The proportions quoted are those most commonly used in dyeing; when the indigo is 
particularly pure, more lime and sulphate of iron must be taken. An excess of Urns 
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yields a sharp vat (scharfe Kilpe), from which the threads of the material do not 
readily take np the dye ; too little lime yields a soft vat {leise Kups), which does not 
dye so well. On the addition of carbonate of potassium, a compound of indigo-white 
with potash is formed. A sediment is formed and a yellow solution, which becomes 
covered with a copper- coloured film (flower) ; the solution is drawn off from the 
sediment, and deposits tolerably pure indigo-blue on exposure to the air. — Thomson 
digests commercial indigo with lime, sulphate of iron, and water, and exposes to the 
air the decanted solution of the compound of indigo-white with lime ; he then removes 
the carbonate of calcium from the blue precipitate with hydrochloric acid, and the 
indigo-red with water, afterwards washes with water and dries. — B e r z e 1 i u s mixes 3 pts. 
of indigo (purified according to 1) with 6 pts. of quick-lime freshly slaked, 4 pts. of 
sulphate of iron, and 450 pts. of boiling water; he then closes the vessel and shakes 
repeatedly ; allows the whole to subside, and removes the yellow solution by means of a 
siphon ; again adds hot water, and draws it off after repeated shaking ; and mixes the 
whole of the solution with hydrochloric acid ; this is exposed to the air and shaken till 
the indigo is completely oxidised ; it is then thrown on a filter and washed with water. 
— Erdmann mixes together 1 pt. indigo, 2 pts. sulphate of iron, 3 pts. lime, and 
60 pts. water; draws off the clear solution ; mixes it, stirring repeatedly, with dilute 
hy drochloric acid ; and washes the precipitate in contact with the air. The residue yields 
fresh quantities of indigo-blue when again stirred up with hot water, and with lime if 
necessary. The indigo-blue thus obtained contains a little gypsum, at most 0 75 per 
cent., and indigo-red, which it is difficult to remove by boiling with alcohol ; it is better 
to reduce the indigo again in the cold vat and precipitate it with hydrochloric acid.— 
According to Dumas, a little sulphide of calcium is formed in the vat, and hence sulphur 
is mixed with the indigo when it is precipitated by hydrochloric acid; this he removes 
with sulphide of carbon. 

2. In the so-called orpiment-vat, a solution of the compound of indigo-white with 
potash is formed in a mixture of indigo-blue with trisulphide of arsenic, potash, and 
water, by the oxidation of tho resulting sulpharsenite of potassium ; the solution 
deposits indigo-blue when exposed to the air. This kind of vat is chiefly used for 
calico-printing, not for dyeing properly so-called. 

3. In the tin-vat t commonly used for calico-printing, the indigo is reduced by a 
solution of stannous oxide in caustic potash or soda. The bath is usually mixed with 
an acid solution of tin, so as to neutralise the alkali and precipitate the indigo-white ; 
the precipitate 1 b then used for printing. 

b. Warm vats. — 1. Woad- vat. ( Pastel-vat .) On mixing from 2 to 6 pts. of 
finely powdered indigo with from 30 to 50 pta. woad, 2 pts. madder, 2 pts. 1 ran, 1 to 
8 pts. potash, and 4 pt. lime, and warming with 1000 pts. water (6000 to 7000 litres) 
at 80° C. (176° F.), a fermentation is set up in which water is decomposed and the 
nascent hydrogen forms indigo-white, which combines with the ammonia simul- 
taneously formed. The brownish-yellow liquid first becomes green on exposure to the 
air, and then deposits indigo-blue ; it may be used for dyeing for three to six months, pro- 
vided it be kept warm, and madder, bran, indigo or potash added from time to time as 
required. Beetroot-molasses and malt may be advantageously used instead of madder. 

The use of madder, bran, &c. in this process appears to depend upon the gummy and 
amylaceous substances and the pectic acid which they contain. These substances are 
probably transformed, first into lactic, then into butyric acid, in which transformation 
hydrogen is evolved, which reduces the indigo-blue to indigo-white. The woad at the 
same time undergoes putrefaction, and gives off ammonia, which keeps tho indigo- 
white in solution. The lime seems to act chiefly by neutralising the excess of acid 
produced by the decomposition of the amylaceous and gummy gratters. 

2. In the potash or Indian vat , in which woad and lime are ■nt' used, 3 pts. of indigo 
are added to a mixture of 2 pts. madder, 2 pts. wheat-br»jK6 pts. potashes, and 
1000 pts. water at 60° C. (140° F.); after 36 hours, 3 pts. potashes, and after 12 hours 
more the same quantity of potashes, are likewise added. This vat is easier to manage 
than the woad vat. 

3. The urine-vat is employed only in Bmall dye-houses and in certain localities, as 
at Venders, for the dyeing of wool. The putrefying urine furnishes at once the reducing 
agents to convert the blue into white indigo, and the ammonia necessary to dissolve 
the latter. [For farther details respecting the manufacture of indigo and its use in 
dyeing. Bee Ure's Dietionary of Arts , <$'C. ii. 498.] 

To obtain indigo-blue in the crystalline state, 4 os. of raw indigo and 4 oz. of grape- 
sugar are introduced into a flask capable of containing 12 lbs. water, to which 6 oc. of 
the strongest soda-ley are added. The whole is well shaken, and the flask completely 
filled with hot alcohol ; it is then tightly corked and allowed to stand for several hours, 
until the solution is sufficiently clear to permit its being siphoned off into a larger 
flask. The is allowed to stand loosely covered; the solution, at first of a beautiful 
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yellowish-red colour, now gradually turns blue, whilst indigo separates out. The 
solution is filtered and the indigo is washed, first with alcohol and then with water, 
till the filtrate is colourless. In this manner, 2 02 . (50 per cent.) of pure indigo-blue 
is obtained. If the brown alcoholic solution is poured back hot into the first flask, 
it yields 3 per cent, more indigo; but it is then nearly exhausted (Fritaachev 
March and). -Indigo also forms a vat immediately with grape-sugar, caustic soda, 
and hot water; the decanted solution, when exposed to the air, deposits indigo-blue 
containing a quantity of indigo-red, which may be extracted by an alcoholic solution of 
soda. (Fritzsche.) 

Purification of indigo by sublimation. — When powdered commercial indigo is heated 
on a watch-glass, a silver dish, or a spoon, a network of crystals is formed, which may 
be removed, with a pair of forceps, and the crystals carefully separated from adhering 
particles of carbon, under a magnifying glass (Le Royer and Dumas ; Dumas). — 
Crum heats indigo between two platinum crucible lids, which are separated from one 
another by a distance not greater than g inch, till the hissing sound ceases.— Berzelius 
sublimes indigo in an oxhausted retort, of the size of a chicken’s egg, cuts olF the upper 
part of the retort when the crystals have sublimed, and separates the lower crystals 
from tho adhering particles of carbon. The crystals are freed by ether from traces of 
oil and resin. — Taylor stirs up an intimate mixturo of 2 pts. finely powdered indigo 
snd 1 pt. gypsum with water into a thin paste, which he spreads upon sheet iron in layers 
2 iuches broad and J inch deep. These are dried by exposure to the air, then heated 
at one end with a spirit-lamp till red vapours are evolved, and so the operation is con- 
tinued. If tho* mass catches fire, it is extinguished by a drop or two of water. The 
velvety indigo can easily be separated, and may be purified by alcohol and ether. 
(Med. Gaz. 1843, 130.) 

Preparation of Indigo-blue from Indican. — Tho aqueous solution of indican from 
woad-leuves, which must not be too dilute, is boiled with sulphuric acid or hydro- 
chloric acid ; and the abundant purple-blue precipitate is filtered off and washed, first 
with water and then with boiling alcohol, till tho filtrate is of a pure blue colour: the 
residue consists of pure indigo-blue. Nitric, oxalic, tartaric, and acetic acids arc also 
capable of converting indican into indigo-blue : acetic acid, however, acts less powerfully 
than the rest. (Sehunck.) 

Properties. — Indigo-blue sublimes in right rhombic prisms (Miller); in six-sided 
prisms derived from a rhombic prism of 32° and 148°, and having their bases replaced 
by two faces which seem to form an obtuse angle with one another (Laurent). Its 
lustre is semi-metallic, and by reflected light, dark-red inclining to copper-red (accord- 
ing to Crum, it is red when viewed obliquely under the microscope ; and of a brilliant 
blue when viewed perpendicularly). When prepared in the wet way, it is dark blue, 
and acquires by pressure a dark copper colour and almost metallic lustre. It is 
inodorous and tasteless, and does not react upon vegetable colours. — In open vessels, 
it volatilises at about 288° in dark purple-red vapours ; in closed vessels, it decomposes 
partially when heated (Crum). It volatilises without decomposition only in a current 
of air or in vacuo; the powder dropped 011 a piece of heated platinum foil, volatilises in 
purple vapours without leaving a residue, each particle being supported by the vapour 
without coming in contact with tho foil (Dumas). It is quite insoluble in water , 
dilute acids, and alkalis , ether, and volatile oils ; also in alcohol and fixed oils at common 
temperatures ; but hot alcohol, and fixed oils heated above 100°, dissolve small 
quantities, and deposit it again on cooling. Sublimed indigo dissolves pretty readily 
in hot phenic acid , forming & blue liquid when mixed with a little alcohol, but 
precipitated by a larger quantity. Sublimed indigo also dissolves to a small extent in 
not oil of turpentine. 

Indigo-blue is isomeric with cyanide of benzoyl. 

Decompositions . — 1. Indigo-blue melts and boils when heated in contact with the 
air ; at higher temperatures it burns with a bright and very smoky flame, leaving a 
residue of difficultly combustible charcoal (Berzelius). By exposure to air containing 
osone it is quickly converted into isutin. (Erdmann, J. pr. Chem. Ixxi. 209.) 

2. By diy distillation, it yields a very little undecomposed sublimate, together with 
fcarltonate and cyanide of ammonium, phenylamime, empyreumatic oil, and a largo 
p-sidue of shining charcoal (Crum). On heating indigo-blue in vacuo, « brown oil is 
formed, together with a large proportion of sublimed indigo, but no permament gas 
or aqueous liquid; by rapid heating, more sublimate is obtained, and a fused shining 
charcoal ; on heating more gradually, less sublimate is formed, together with a dull 
^rthy charcoal. (Berzelius.) 

• **' . ry chlorine does not act upon indigo-blue between 0° and 100°. If indigo-blue 

stirred up with water into a thin paste, and chlorine passed through while the 
whole is kept cool the mass becomes first greyish-green and then yellow. Neither 
carbonic anhydride nor any other gas is exulted. An orange- coloured deposit is 
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formed, and a yellowish-red solution; on distilling, trichlorophenic acid and tri- 
chlorophenvlamine sublime, and a liquid distils oyer which smells of anisic acid, 
and contains hydrochloric and trichlorophenic acids. The residue in the retort 
dissolves in boiling water, leaving a brown resin, which is formed in small quantity 
only. If the mass is cooled as much as possible during the action of the chlorine, and 
the passage of the chlorine is interrupted before all the indigo-blue is destroyed, the 
boiling aqueous solution deposits, on cooling, a yellowish-red crystalline powder, which 
yields chlorisatin and dichlorisatin when recrystallised from alcohol. (Erdmann.) 

4. Bromine acts upon indigo in the same manner as chlorine. On treating moist 
indigo with bromine, a yellow mass is formed, which yields, by distillation, tri- 
bromophenic acid andtribromophenylamine ; the residue contains a little bromisatin, a 
large proportion of dibromisatin, and a little resinous matter. (Erdmann.) 

6. Iodine decomposes indigo only when heated. (Berzelius.) 

6. Indigo is decomposed by heating it with chlorate of potassium and hydrochloruj 
acid. Only traces of -chlora nil are formed. (Hofmann.) 

7. When boiled with dilute nitric acid , it gives off a large quantity of gas, and 
forms isatin and a brown resin ; with a stronger acid, it forms principally nitrosali- 
cylicacid, and with an excess of nitric acid of specific gravity 1’43, it yields picric acid; 
at the same time carbonic anhydride, prussic acid, oxalic acid, and the so-called 
artificial indigo-resin are formed. 6 pts. of fuming nitric acid becomes so violently 
heated with 1 pt. powdered commercial indigo that the mass takes fire. 

8. Concentrated chromic acid destroys indigo-bluo immediately, especially when heat 
is applied, with violent evolution of carbonic anhydride and precipitation of sesquioxide 
of chromium. Dilute chromic acid forms a clear yellow-brown solution with indigo ; 
if this is heated to near the boiling point and filtered, isatin crystallises out on cooling 
(Erdmann). Chlorochromic acid does not act upon indigo- blue. (Thomson.) 

9. On boiling indigo-blue with peroxide of lead , a pale yellow solution is formed, 
which becomes turbid on cooling, and leaves a yellow powder when evaporated to 
dryness. This substance being suspended in water and decomposed with sulphydric 
acid, yields a brownish -yellow filtrate, which on evaporation leaves a residue consisting 
of a small quantity of brown resin and a few crystal*. The sulphide of lead contains 
a brown resin, melting at 100°, which may be extracted by boiling alcohol, and 
precipitated by water ; boiling water extracts from it a substance which, on evapora- 
tion, deposits crystals mixed with resin. (Erdmann.) 

10. Manganic sulphate, manganate of potassium, and permanganate of potassium 
decolorise indigo (Lefort, Rev. scient. 16, 358). On heating indigo-blue for a 
considerable time with aqueous osmic acid, oxalic acid is formed. (Buttle row, J. pr. 
Chem. lvi. 278.) 

11. When the vapour of sulphuric anhydride is passed over roughly pulverised 
commercial indigo, the latter swells up, becomes heated, and a beautiful purple-red 
liquid is formed, which is transparent in thin layers, and solidifies into a crimson mass. 
In contact with the air, it evolves sulphurous anhydride (probably on account of the 
impurities of the indigo), and dissolves in common sulphuric acid with a violet colour; 
on dissolving it in water, charcoal separates out and a dark blue solution is formed 
(Dobereiner; Bucholtz; Bussy). Indigo dissolves, with evolution of heat, in 
excess of fuming or of common sulphuric acid (no gas is evolved if the indigo is pure) 
with formation of sulphindigotic acid ; if an excess of sulphuric acid is not added, 
more or less sulphophcenicic ftcid is formed. According to Berzelius, hyposulphindi- 
gotic acid is also fbrmed when indigo is dissolved in fuming sulphuric acid. Indigo- 
blue dissolves in cold sulphuric acid, first with a yellow colour, which afterwards 
becomes green, and finally of a beautiful blue (Housmann, Jcrtirn. de Phys. 1788; 
March, Chevreul). From the solution, while still yellow, ujraoomposed indigo-blue 
may be precipated by water ; the yellow colour changes to bp* in a few hours in a 
closed vessel, since sulpbophoenicic acid is formed, which is gradually converted into 
sulphindigotic acid. When indigo is more strongly heated with sulphuric acid, 
sulphurous anhydride is evolved, and a brown oily liquid formed (Dobereiner). 
Liquid sulphurous anhydride does not act upon indigo (Bussy). Phosphoric 
anhydride and hydruted phosphoric acid are without action upon indigo ; also concen- 
trated hydrochloric acid. ( D 6 b e r e i n e r.) 

12. Indigo-blue is but slightly attacked by prolonged boiling with dilute potash; 
when the boiling point has reached 100°, the indigo is completely decomposed, whilst 
no gas is given off, and only traces of ammonia and phenyiamine are evolved with 
the aqueous vapour (Fritzsche). According to Gerhardt (Rev. scient. x. 371% 
indigo-white ana isatate of potassium are formed in this reaction : 

3C»H»NO + KHO + IPO - + C*H*KNO» 

lndlgo-blue* Indigo-white. Isatate of 

potassium. 
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According to Friteache, a yellowish-red solution is first formed, on which a dark 
coloured substance floats, and from which yellow crystals of chiysanilste potassium 
are separated by continued boiling ; on cooling, if solidifies into a crystalline mass, 
consisting principally of chrysanilate of potassium. The crystalline mass, when water 
is poured over it, immediately yields indigo-blue (in the same state as from the 
indigo-vat) ; the filtered solution also continues to deposit indigo-blue when exposed to 
the air. According to Gerhardt, Fritzscho’s chrysanilic acid is nothing but a mixture of 
isatin, indigo-white, and perhaps also other products resulting from the further 
action of the potash. The indigo-blue is formed by oxidation of the indigo-white. 

Indigo-blue fused with hydrate of potassium yields first isatic acid, as above, then 
phenylcarbamic acid resulting from the decomposition of the latter. (Gerhardt.) 
C*IPNO* + IPO ~ C’H’NO* + CO* + H* f 

Isatic acid. Phenyl-car- 

bamic acid. 

and by further decomposition, salicylic acid (C a hours) and phenylamine 

(Fritzsche): 

V C 7 H 7 N0 3 + IPO - C 7 H®0* + NIP 

Phenyl-car- Salicylic 

bamic acid. acid. 

C 7 H 7 NO* - C*H»N + CO* 

Phenyl-car- Phenyl- 

bamic acid. amine. 

13. Indigo-blue placed in contact with water, an alkali , and a deoxidising substance \ 
becomes at first coloured green, and is then converted into indigo-white, which forms 
a yellow solution with alkalis. In this reaction, water is decomposed, the hydrogen 
being used in the formation of indigo-white, e. g. with stannous oxide : 

2OTPNO + SnO + IPO = C'*H« 3 N*0* + SnO* 

Indigo-blue. Indlgo-whlte. 

The following substances react in a similar manner: phosphorus, phosphorous acid, sul- 
phurous acid, sulphydric acid, potassium-amalgam, sulphide of potassium, sulphide of 
sodium, sulphide of arsenic, sulphide of antimony, zinc, tin, iron, ferrous, stannous, 
and manganous oxides, grape-sugaf, and substances undergoing fermentation or putre- 
faction, as sugar, gluten, urine, woad, madder. Warm putrid urine dissolves indigo-blue, 
the ammonia-compound of indigo-white being formed. According to Ldwenthal, on 
the contrary (J. pr. Chem. lxx. 463), this reduction of blue to indigo-white is not 
produced by salts of sulphurous or phosphorous acid, by sulphide of potassium, 
sulphide of calcium, manganous salts, or arsenite of sodium ; but indigo-blue dissolved in 
sulphuric acid is reduced to indigo-white, when mixed with excess of acid carlionate of 
potassium or sodium, and then treated with sulphydric acid. Ldwenthal is of opinion 
that indigo-white is not indigo-blue plus hydrogen, but indigo-blue minus oxygen. 

Tisting and Valuation of Indigo . — Commercial indigo occurs in small lumps or cubic 
loaves or a violet-blue colour ; when of good quality it is very light ; assumes a coppery 
nspoct when rubbed with a hard polished lx)dy ; and is free from flaws or cavities 
traversed by brown or whitish veins. The best sorts are light enough to float on water. 

External characters, however, give but very uncertain indications of the amount of 
real colouring matter contained in a sample of indigo; bonce it becomes necessary to 
losort to chemical methods of estimating the amount of pure indigo-blue. Good 
sorts of indigo contain about 60 per cent., but the proportion is often much reduced by 
fraudulent admixture of foreign substances, such as sand, vegetable mould, powdered 
lead, starch, &c. Some foreign matters are also unavoidably introduced in tho process 
of manufacture. 

The indigo is first dried over the water-bath to estimate the hygroscopic water ; 
which, in samples not fraudulently moistened, varies from 3*5 to 6 percent. The dried 
indigo is then calcined in a platinum crucible to determine the amount of ash. Good 
indigo generally yields from 7 to 10 per cent. The presence of sand, lead-powder, dec., 
may then easily be detected by washing the ash with water. 

The presence of starch, sometimes coloured with iodine, is indicated by tho pale 
colour, greater density, and friability which it imoarts to the lumps of indigo. It may 
be further detected by treating the indigo with slightly alkaline water, neutralising the 
filtered liquid with a few drops of acid, and testing with iodine. 

The older methods of estimating the proportion of real indigo-blue in commercial 
indigo depend, for the most part, on the decoloration produced by chlorine and other 
oxidising agents. § 

1. With chlorine water . — A weighed quantity of the finely pulverised indigo is added 
yy small portions to a measured quantity of a saturated aqueous solution of chlorine, ft* 
on K *® it dissolves with yellosr colour, and the quantity thus dissolved is ascertained by 
weighing the residue- A similar trial is then made with perfectly pure indigo-blue. 
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and a comparison of.^the ttfo results gives the proportion of colouring matter in the 
earn pie of commercial indigo utffter examination. As the strength of the chlorine-water 
alters vqnr quickly, it cannot be titrated long beforehand. (Berzelius.) 

2. With chloride of lime . — The indigo is first dissolved by digestion for five or six 
hours at 60 c or flO° with fuming sulphuric acid ; the solution is thoroughly mixed with 
distilled water, .and poured into a graduated burette, and from this vessel it is added 
drop by drop to a measured quantity of aqueous chloride of lime, till the blue eolour 
just becomes permanent. A similar experiment being then made with an equal weight 
of pure indigo blue, the colouring power of the two samples is in the inverse ratio of 
the quantities of the blue solution consumed in the two experiments. (Schlumberger, 
Bull. Soc. industr. de Mulhouse, vol. xv.) 

3. With hydrochloric add and chlorate of potassium . — 1 grm. of finely pulverised 
indigo is digested for some hours with 10 grms. of fuming sulphuric acid, agitating from 
time to time to assist the solution. The liquid is then poured into a basin containing 
a kilogramme of water, 50 grms. of strong hydrochloric acid are added, and the liquid 
is, heated to the boiling point. On the other hand, 0*25 grm. of chlorate of potassium 
is dissolved in 100 grms. of water; and the solution is poured into a graduated burette, 
and added drop by drop to the boiling indigo solution till the blue colour changes to 
red-brown. The richness of the sample of indigo is directly proportional to the 
quantity of chlorate consumed. (Bolley, Ann. Ch. Pharm. lxxv. 242.) 

4. With sulphuric add and add chromate of potassium. The mode of proceeding 
is the same as that just described ; 10 grms. of pure indigo blue prepared by Fritzsche’s 
method require for decoloration exactly pts. of the acid chromate. (Penny, Chera. 
Soc. J. v. 297.) 

All these methods are liable to the objection that it is difficult to institute an exact 
comparison between the different shades of colour resulting from the oxidation of the 
indigo in different cases, the pure green tint thus produced in solutions of pure indigo- 
blue giving place to a dirty olive or brownish-green when crude indigo is used, in con- 
sequence of the impurities contained in it. Moreover, in dissolving indigo in strong 
sulphuric acid, it is scarcely possible to avoid the formation of sulphurous acid, the 
presence of which will of course raise the appurent percentage of indigo-blue in the 
sample. By employing those methods indeed, it is common to find, in a good sample of 
indigo, more than 80 per cent, of pure indigo-blue, whereas the best qualities seldom 
contain above 60 per cent., and average qualities not more than 40 to 50 per cent. 

The following methods, which depend upon the reduction instead of the oxidation of 
the indigo, give more exact results. 

5. With Protosulphate of Iron. — A weighed quantity of the finely pulverised indigo is 
well mixed with an equal weight of pure lime previously slaked with water. The mixture 
is poured into a stoppered bottle or known capacity, and the mortar is well rinsed with 
water, which is added to the rest. The bottle is now heated in a water-bath for several 
hours, and a quantity of finely-powdered sulphate of iron is added ; the bottle is then 
filled up with water; the stopper is inserted; and, after the contents have been well 
shaken, the whole is left, at rest for several hours, till the indigo is reduced and the 
sediment has sunk to the bottom. A portion of the clear liquor is then drawn off with 
a siphon, and the quantity of liquid having been accurately measured, it is mixed with 
an excess of hydrochloric acid, and the precipitate, after having been oxidised (by ex- 
posure to the air), is collected on a weighed filter, and washed with water. Lastly, 
the filter with the indigo-blue is dried at the heat of the water-bath, and weighed, and 
the weight of the filter having been subtracted from that of the whole, the weight 
of the indigo-blue is ascertained. Suppose, for example, that £he whole quantity of 
liquid was 200 measures, and that 50 measures have been drawn off, yielding 10 grains 
of indigo-blue; then the total quantity of indigo-blue in the Aunple is 40 grains. For 
60 grains of indigo it is necessary to take from l lb. to 2 lbspj|f water. This method, 
though rather tedious, gives better results than any of the preceding. The quantity 
of indigo-blue indicated by it is usually somewhat less than the actual quantity con- 
tained in the sample. 

6. * With stannous chloride. — The tin-solution is titrated with a solution of purs 
indigo-blue, prepared by dissolving the substance dried at 210°-230° C. (410°-446 5 F.) 
in 16 pts. of strong sulphuric acid, with addition of pounded glass to divide the indigo 
and facilitate the solution. The indigo-solution thus obtained is diluted with water, 
tUl a litre of it contains exactly 1 grm. of indigo-blue. The indigo to be examined is 
then dissolved in a similar manner, and the titrated tin-solution is added to it from * 
burette till the blue colour changes through green to light-yellow. Iron, if present in 
the indigo, must first be removed by digestion in hydrochloric acid, with addition of 
poundea glass. (E. Mulder, Scheik. Ondera. iii. [Ij 37 ; Jahresber. 1860, p. 613.) 

7. With tine . — A solution of indigo in sulphuric acid is dilute with water and 
hydrochloric acid, and decolorised by zinc in an atmosphere of carbonic anhydride. A 
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jaessured volume of this solution is then introduced intom mdnsted tube filled with 
air or oxygen-gas, and the volume of oxygen absorbed^ read offafter a few hours. A 
similar experiment is then made with pure indigo*lj|ue, and the value of the pommer- 
cltil sample is determined by comparison of the reemits. 

nreifitk l fiOWir. (Chevreul, Ann. Chim. Ixvi. 6 ; Berzelius, Lehrb, tib 
g85 ; Gnu. *iii- 48.) — A brown substance of uncertain composition, existing together 
with indigo-blue, indigo-gluten, and indigo-red, in all kinds of commercial indigo. To 
obtain it, the indigo-gluten is first removed bv treating the indigo with dilute sulphuric, 
hydrochloric, or acetic acid, and then with boiling water. On digesting the residue 
in hot strong caustic alkaline lye, the indigo-brown dissolves, together with a small 
portion of indigo-blue, forming a dark-brown, almost black solution, from which, after 
filtration, the indigo-brown may be precipitated by an acid. The precipitate contains 
a considerable quantity of indigo-blue, from which it may be frooa for the most part 
by dissolving it in carbonate of ammonium, evaporating the filtrate to dryness, dissolving 
the residue in water, filtering from the undissolved portion, consisting chiefly of indigo- 
blue, and precipitating the filtrate with sulphuric acid. , 

Indigo-brown thus prepared forms a dark brown transparent resin, almost tasteless^ 
and quite neutral. By ary distillation, it yields ammonia and an empyreumatic oil. 
It is decomposed by nitric acid and by chlorine. It unites both with acids and with 
bases. With the alkalis , it forms dark brown compounds, easily soluble in water. The 
Ijaryta-compound is sparingly soluble, and the lime-compound insoluble. By boiling 
the alkaline compounds with lime in excess, the indigo-brown may be separated and 
rendered insoluble. This is perhaps one of the uses of lime in the indigo-vat 
(pp. 251, 252). 

Indigo-brown bears a considerable resemblance to Scliunck’s indihumin (p. 264), 
oue of the products of the decomposition of indicun. 

arBXOO*OLUTBN. This substance is extracted from crude indigo by treating 
it with dilute sulphuric, hydrochloric, or acetic acid, then with boiling water, and 
remains on evaporating the solution as a yellow, transparent extract, soluble in spirits 
of wine, easily soluble in water, less soluble in acid liquids. Its taste is like that of 
the extract of meat. It yields by dry distillation much ammonia and a feotid oil, and 
behaves in most respects like ordinary vegetable gluten. 

ZVDXOO-aSBSV. Berzelius obtained a green substance by adding potash in 
small portions to an alcoholic solution of an alkalino hy|K>sulphindigotate, till it 
became green, washing the precipitate with a little alcohol, decomposing it with oxalic 
acid, freeing the filtrate from oxalic acid by trituration with a little carbonute of 
calcium, then filtering and evaporating to dryness. The green solid residue thus 
obtained dissolved easily in water, forming a green solution, which, when mixed with 
lime-water, became yellow on exposure. It formed a green precipitate with acetate of 
lead, none with mercuric chloride or tincture of galls. (Berzelius.) 

Chevreul also obtained a green substance from indigo, but it appears to have been 
merely indigo-brown mixed with a little indigo-blue. 

nrBX<KbPVB»Ll« See Sui.PHOPHomicic acid (d. 260) —The preparation of » 
“purple-blue” from indigo for dyeing js described by L. and E. Boil ley (Dingl. poL 
J. clix. 318), and has been patented m this country by Johnson (Kep. pat. Invent. 
Dec, I860). It probably consists of sulphindigotate or sulphophocniyate of sodium. 
To prepare it, finely pulverised indigo is added to twenty times its weight of acidiiul- 
pliate of sodium in the state of fusion, and the mixture is heated and stirred till a 
simple colours water violet. The paste thus produced is then intimately mixed with 
to 80 times its weight of water ; and the colouring matter is precipitated by common 
»»It (2 lbs. to 1 lb. of the paste) and washed with water containing that salt. After 
drying, it forms a mass of interlaced silky crystals having a coppery lustre. (For 
further details, and specimens of fabrics dyed with this preparation, see K4p. Chim. 
■p p. I86 0, p. 215.) 

nroxoo-ESB. A red substance occurring, together with indigogluten and 
indigo-brown, in commercial indigo. It was first noticed by Chevreul, afterwards mom 
fully examined by Berzelius. 

The indigo-gluten and indigo-brown having been removed in the manner already 
described, the residue is exhausted with boiling alcohol of specific gravity 0*83. A 
dark-red solution is then obtained which, when filtered and distilled, deposits indigo- 
ivd as an amorphous blaclrish-brown powder quite insoluble in water and in alkaline 
liquids. By distillation in a vacuum, it yields a white ctystalline sublimate (the so- 
®dled colourless indigo-red, as well as unchanged lndigo-red. Strong sulphuric acid 
dissolves it, forming a dark-yellow solution, which deposits nothing on addition of water, 
ihe dilute solution is decolorised by wool, which at the same time acquires a dirty 
l^lbvish-broitii or red colour. 

Vou III. 
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gig of Polygonum tinetorium are exhausted with rtSff, and part 
S o f£ indigo- blue separates out ; and on evaporating thuremaining 


When the fVgih tea of Polygonum tinctcmum are exnaustea wttft etffer, and part 
dfJthe ether indigo-blue separates out ; and on evaporating the remaining 

solution to dryalw, andexbaustigg the residue witb alcohol, fllteringfrom a slight 
brown residue, again eritporating to dryness, and exhausting the residue with hot 
Water, which extracts a little yellow colouring matter, a hard brittle friable resinous 

H e separates of a fine, red colour, and probably agreeing essentially with the red 
on crude indigo. It is insoluble in water , slightly soluble in potash , a inmonia, 
lie acid , easily in alcohol and ether. The alcoholic solution turns red on 
of baryta-water , lime-water , basic acetate of lead , or nitrate of silver , and dark 
stannous chloride. With solution of alum it forms a beautiful red lake, not 
on by alkaline carbonates. 

..idigo obtained from the flowers of TanlcervilUa canton ensis contains a red 

substance, soluble in alcohol, but insoluble in water and in ether. 

Tijfrf further details respecting these indigo-reds, which are probably identical in the 
main with Schunck's indirubin (p. 268). See Gradin'* Handbook , xiii. 46. 


nroiOO-SULPHURIC ACX2>S. When indigo-blue is macerated in fuming 
sulphuric acid, heat is evolved, and a deep-blue solution is formed, called sulphate of 
indigo , Saxony or composition-blue, containing sulphindigotic acid, C*H*NO.SO*. 
The liquid has a deep-blue colour, and may be diluted with water without becoming 
turbid ; if, however, the sulphuric acid is rot in excess, there generally remains a 
purple powder, consisting of sulphophccn icic acid, 2C 8 H 5 N0.S0 3 , insoluble in 
dilute acids, but soluble, with blue colour, in pure water. According to Berzelius, 
there is also formed a third acid, called hyposulphindigotic acid, which has not 
been analysed. The indigo-blue cannot be recovered from these acids by any known 
methods. Their solution loses its colour after a while, and is instantly turned yellow 
by a small quantity of nitric acid: this reaction is used in qualitative analysis for the 
detection of nitric acid. t 


Hyposulpliiiidlgrotic acid. Hyposulphoccerulic acid. To isolate this acid, 
the alcoholic solution of its ammonium-salt, obtained in the manner presently to 
be described (see Sulphindigotic acid), is mixed with an alcoholic solution of ace- 
tate of lead; the whole is completely precipitated by addition of a little ammonia, 
and the precipitate is suspended in water and decomposed by sulphydric acid. A 
yellow liquid is then obtained, which, on exposure to the air, becomes blue, and is con- 
verted into hyposulphindigotic acid. By evaporating this solution, the acid is obtained 
as an amorphous mass, which becomes moist in contact with the air, dissolves readily in 
water, and reacts like sulphindigotic acid with sulphydric acid, zinc, iron, and charcoal. 

The hyposulphindigotat cs resemble the sulphindigotates in many respects, but 
are distinguished by their solubility in alcohol of 84 ppr cent. When gently heated, 
they give off sulphurous anhydride without changing colour ; at a higher temperature, 
they turn green and yield a sublimate of sulphite of ammonium. 

The ammonium-, potassium - and sodium-salts are obtained by steeping wool dyed 
with sulphate of indigo in solutions of the corresponding alkaline carbonates, evapo- 
rating the resulting solutions to dryness, and exhausting the residues with alcohol, 
which takes up only the hyposulphindigotates. 

The aluminium-salt resembles the corresponding salt of sulphindigotic acid. 

The barium-salt is obtained by precipitating the potassium-salt with carbonate of 
barium, in dark-blue flocks, very soluble in pure water; the solution, when evaporated, 
deposits films having a coppery lustre. 

The calcium - and magnesium-salts are very soluble in water and in alcohol. 

The lead-salt is obtained by precipitating an alcoholic solution of the ammonium- 
salt with alcoholic acetate of lead. It is a blue powder, which dissolves slowly bat 
completely in water : it is sparingly soluble in alcohol, and mLaan astringent taste. 

Snlpblndlgotio Add* C^IPNO.SO*. Sulphate of ti wfyo, Soluble blue indigo t 
Sulphindylic acid, Sulphocctrxdic acid. — Indigo may be dissolved in strong (mono- 

S orated) sulphuric acid (SH*0 4 ), as well as in the fuming acid (which contains sul- 
uric anhydride in solution), but it requires 16 pts. of the former, and only 6 pts. 
of the latter; moreover, the solution in common sulphuric acid requires the aid of heat, 
which gives rise to the formation of sulphurous acid ; it mav, however, be facilitated 
by triturating the indigo with pounded glass so as to divide the particles. 

The acid solution is diluted with from 30 to 60 times its bulk^of water ; the liquid 
is filtered from the precipitated sulphophcenicic acid; the filtrate is digested at a gentle 
heat with wool or woollen stuff (previously prepared by washing, first with soap and 
then with water containing 1 per cent, carbonate of sodium, and finally with purs 
water), until no more colouring matter is taken up, the excess of sulphuric acid re- 
maining in solution. The wool, dyed blue by sulphindigotic and hy posulph indigoUC 
acids, is washed with water till the latter no longer becomes acid, and digested 
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with water containing a little carbonate of ammonium ; the Titifjliiil nlfan i U poured off 
from the decolorised wool, and evaporated to dryness at 30° r awd the reauW is 
exhausted with alcohol of 83 per cent*, which dissolves the ^ypdiralphindigotate of 
ammonium, and leaves the sulphiudigotate. The latter is dissolved in water, and pre- 
cipitated by acetate of lead; the dark-blue precipitate is washed with water, then 
suspended in water, and decomposed by sulphydric acid ; and the yellow or 
solution, which turns blue on exposure to the air, is evaporated to drynesi^at JM 
(Berzelius). According to Joss, sulphiudigotate of ammonium is not efibctusi|p 
separated from the hy posulp h in d igo ta to by alcohol ; it is better, therefore, to d» jg | || 
the indigo-solution with wool only so long as it forms a precipitate with acet^e^^ 
barium, by which hyposulphindigotic acid is not precipitated. ’ ,4 

Properties. — Sulphindigotic acid forms a soLid mass having a peculiar agreeilfe 
odour and an acid taste ; it has a weak but decided acid reaction (Joss). It becomes 
moist in the air, and is very soluble in water and in alcohol . It is separated front its 
aqueous solution by wood-charcoal, and with greater facility by blood-charcoal, 
but may be extracted from the charcoal by alkaline carbonates. 

Wool is dyed by the aqueous acid, but not by its salts, unless an acid is added, a com- 
paratively weak acid, such as acetic acid, being sufficient for the purpose. Boiling water 
and alcohol deprive the wool of only a portion of its colour, but alkalis remow it entirely 
(Berzelius). Sulphindigotic acid is completely decolorised by woollen stuffs; silk 
fabrics do not deprive it of all its colour; linen and cotton take up very little. Silk 
dyed with it is deprived of its colour by soap, but not by water, (llcrgmann.) 

Decompositions . — l. Sulphindigotic acid yields by dry distillation sulphurous an- 
hydride, sulphite of ammonium, much water, and a little cmpyreuniutic oil. No 
vapours of indigo-blue are evolved, but the sublimed sulphite of ammonia dissolves in 
water with a blue colour, having carried over a little of the undecom| anted acid. The 
carbonaceous residue burns with difficulty, but completely. The sulphindigotatee also 
do not yield any sublimate of indigo by dry distillation (Berzelius). —2. Sulphindi- 
gotic acid is decomposed by exposure to sunlight. — 3. Chlorine produces a quantity of 
brown resin in the solution of the acid, and only a little olilorisat in and dichlorisatin 
(Erdmann, J.pr. Chcm . 19,355). — Tin* blue colour of the acid is changed to green by 
chloride of lime (Schlumberger), and to reddish-brown by chlorate of potassium and 
hydrochloric acid (Bolley). — 4. Sulphindigotic acid is decomposed by nitric acid. 
When the barium-salt is decomposed by boiling with concentrated nitric acid And the 
solution diluted and filtered, it is not precipitated by chloride of barium (Berzelius). — 

6. The solution of sulphindigotic acid, heated with chromate of potassium , becomes 
oohre-ycilow (Penny) ; mixed with per manganate of potassium, it becomes first green 
and then brownish-yellow (Elbers, Mohr); when heated v'uh ferric salts, it is deco- 
lorised us by nitric acid (Wohler, Ann. Ch. Pharm., xxxiv. 236). These reactions 
are used for the valuation of commercial indigo (p. 255).— 6. Deoxidising substances 
reduce sulphindigotic acid to a compound derivable from indigo-white, amlcharTge the 
rolour of the solution to yellow. Zinc or iron filings dissolve in the solution without 
disengagement of hydrogen, yielding a blue liquid, which, however, is decolorised by 
excess of acid: the solution quickly recovers its blue colour on exposure to the afr. 
Sulphydric acid docs not decolorise 'he solution at ordinary temperatures ; but on 
heating the liquid to 50°, it deposits sulphur and becomes colourless. The decolora- 
tion is prevented by the presence of free acids. If the solution containing excess of 
•sulphydric acid is evaporated in a vacuum over slightly moistened potash, a dark- 
yellow viscid residue is obtained, which becomes moist and dark-bine on exposure to 
the air. The solution of sulphindigotic acid is likewise decomposed by stannous 
chloride. (For further details on these reductions, see Gmeliris Handbook , xiii. 60,) 
/Sulphindigotates. C^IPM^NO.SO*. — These salts are formed by direct com- 
bination or by double decomposition. They cannot be obtained crystallised ; they are 
dark blue, with a peculiar coppery lustre, and taste feebly saline and decidedly of 
indigo. The alkaline sulphindigotates are slightly soluble in cold water, and mors 
JJ^adily in hot water; the solution is blue by reflected, and red by transmitted light.— 
The sulphindigotates are more readily decolorised than the free acid, by all substances 
*hich reduce indigo-blue, especially in the presence of free alkalis. Protosulphate of 
tron does not reduce a neutral sulphiudigotate, even on Warming ; not even when as 
Tnnch alkali is added as is necessary to precipitate the protoxide of iron ; but the 
slightest excess of alkali produces immediate decoloration, and on the addition of 
enough acid to neutralise the alkali, the blue colour is restored. Sulphide of potassium 
° r calcium decolorises the solutions of the sulphindigotates, part of the sulphide being 
^averted into sulphate. The reduced solution appears yellow when neutral, and 
"^t-jelbw when alkaline. The neutral solution leaves, when evaporated in vacuo, a 
dark dry residue, which appears dark yellow when pulverised, and becomes blue OS 
exposure to the air for several days. The solution turns blue on exposure to the air. 
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rmi« and ‘dtpric%altt Instantly turn the solution blue, und are eonr*Ud into 
sAlto of the lower oxides. The solution reduced by stannous cMondt deposits, on ex. 
posnre to the air, a white powder, which is a mixture of stannic oxide and a product 
of decomposition which becomes men on exposure to the air. 

Sulphindigotates, when heated, give off water without melting. When strongly 
l they decompose, evolving free ammonia, carbonate of ammommn, cyanide of 
pium, a trace of volatile oil, and afterwards of carbonic anhydride, whilst a residue 
allic sulphide is left 

phindigotate of Ammonium is prepared by the process described on page 268 
'-"iBitrae li n s) ; or by precipitating sulphindigotic acid, which should not be too dilute, 
^Wifch ammonia or a salt of ammonia (Crum). It reacts similarly to the potassium- 
ealt It melts when heated and swells up, but is not decomposed, even by a pretty 
strong heat and although it assumes a charred appearance, still dissolves completely 
in water, forming a blue solution. When more strongly heated, it yields a sublimate 
of sulphite of ammonium (Berzelius.) It dissolves in from 40 to 50 parts of cold 
water, and in a much smaller quantity of hot water (Crum), and is precipitated from 
the solution by the alkaline sulphates and some other salts, but much less completely 
than the potassium-salt. It is not soluble in alcohol. (Crum, Berzelius.) 

Sulphindigotate of Aluminium is readily soluble in water, and dries up like the 
other sulphindigotates on the evaporation of the solution. Sulphindigotate of potas- 
sium, mixed with a salt of aluminium and a little ammonia, throws down a dark blue 
pulverulent basic salt, becoming blackish-blue when dried. It gives up all its acid to 
an excess of alkali. (Berzelius.) 

Sulphindigotate of Barium is precipitated in dark blue flakes, on mixing the potas- 
sium salt with chloride of barium (Crum, Berzelius). It dissolves slightly in 
cold water with a bluish colour ; more abundantly in hot water, imparting to it a 
dark colour. Owing to the great affinity of baryta for sulphindigotic acid, this 
salt is formed when hyposulphindigotate of potassium is mixed, first with sulphuric 
acid, and then with chloride of barium; an excess of sulphate of barium is, however, 
necessary to the reaction, and hence the precipitate has a paler colour. Sulphate uf 
burium already precipitated likewise forms with hyposulphindigotate of potassium, a 
small quantity of sulphindigotate, and becomes pale blue. 

Sulphindigotate of Calcium is soluble in water, but insoluble in alcohol, which 
precipitates it in blue flocks. 

Sulphindigotate of Lead is precipitated in dark blue flocks, slightly soluble in water 
on mixing neutral acetate of lead with sulphindigotate of potassium. Basic acetate 
of lead forms a light blue precipitate, which becomes darker when dry. 

Sulphindigotate of Magnesium is very soluble in water, and is not precipitated by 
an excess of sulphate of magnesium. 

Sulphindigotate of Potassium , C 8 H , KN0.S0*. This salt is obtained: 1. By steep- 
ing wool dyed blue with sulphate of indigo, in a solution of carbonate of potassium, 
evaporating the solution, and treating the residue with alcohol, which extracts hypo- 
splphindigofrate of potassium. The residue is then treated with acetic acid and alcohol 
to remove the excess of carbonate (Berzelius).— 2. Indigo-blue is treated with 
excess of sulphuric acid ; and after the sulphophoenicic acid has been removed by 
filtration, the blue liquid is saturated with acetate of potassium; the resulting blue 
precipitate is thrown on a filter, and washed with acetate of potassium till the liquid 
which runs through begins to turn blue ; the salt is then washed with alcohol to re- 
move the acetate. (Dumas.) * 

Sulphindigotate of potassium in the dry state, forms a oppper-colonred mass, yield- 
ing a blue powder; blue also by transmitted light. It raw£y absorbs moisture from 
the air. Wi* . . 

When heated it does not melt or evolve any purple vapours ; it is difficult to incine- 
rate. According to Berzelius, it forms sulphopurpurate of potassium whon heated with 
lime-water out of contact with the air ; in presence of air, it forms salts of sulphoflavic, 
sulphofulvic, and sulphoruflc acids. 

Sulphindigotate of potassium dissolves in 140 parts of cold water, and in a much 
»* — * * - M - * — - — — «« The solution 


smaller quantity of boiling water, a portion separating out on cooling, 
is of a dark blue colour, transparent only when viewed in tbin layers ; when held up 
before the light of the sun or of a candle, it appears scarlet. I part of the salt imparts 
h blue colour to 500,000 parts of water. Water containing 1 per cent, of acetate of 
potassium does not dissolve the salt in the cold ; on heating, a portion dissolves and 
separates out in blackish flakes on cooling. It is readily dissolved by sulphuric wd, 
but is not soluble in concentrated hydrochloric acid (Crum) ; or in alcohol of spsri" 0 
gravity 0*80. (Berselius,) . , . t _ . 

If an aqueous solution of sulphindigotate of potassium is mixed with a ban«*®- 



ACIDSU 

cafcmm-aaB and carbonate or phosphate of sodium added, carbonate wad phosphate of 
barium and carbonate of calcium are pr ecipitated of a light blue eoloUr, and phosphate 
of calcium of a deep blue colour. When the solution of aulphindigotate of potassium 
is mixed with acetate of lead and a solution of tannic acid, the precipitate of tannata 
of lead carries down all the colouring matter with it. 

Sulphindigotate of potassium occurs in commerce as paste or dry powder, known a* 
precipitated indigo, indigo-carmine, soluble indigo, or solid blue, 
is need for dyeing linen of an azure-blue colour, and for producing very pure ^ 
colours on wool. 

Sulphindigotaie of Sodium, also called indigo-carmine, resembles the poti 
salt, and is used for similar porposes, but is more soluble in saline solutions. V< A 


Snlpliopltoanicie acid, 2C B H 4 NO.SO*. Indigo-purple, Phtxnicin , Sulpkopurpurto 
acid ' — This acid is formed when sulphuric acid is allowed to act upon indigo for a short 
time, or not in excess. To prepare it 1 pt. of indigo-blue is mixed with from 8 to 10 pts. 
of strong sulphuric acid, and kept for three days at a temperature of 60° or 60® ; the 
solution is then diluted with water, and the precipitate of sulphophcenieic acid is filtered, 
washed with dilute hydrochloric acid, and dried in an oil-buth at 80° — 100° (Dumas). 
Or powdered indigo is purified by boiling with dilute sulphuric acid, and then shaken 
up withfrom 7 to 8 pts. of strong sulphuric acid till the mixture becomes olive-green. 
The whole is then diluted with a very large quantity of water, and the precipitate of 
sulphophconicic add is collected on a filter and washed with water, which becomes more 
deeply blue in proportion as the sulphuric acid is removed. The last filtrates are 
evaporated to dryness. (Crum.) 

As the extraction of the sulphophcenicic acid on the filter according to (1) is a very 
slow process, and when the greater part of the indigo-blue is converted into sulpho* 
phoenicic acid by the prolonged action of the sulphuric acid, water will no longer pass 
through the filter, the following method may be employed, which yields a more abun- 
dant, though less pure product. 1 pt. of powdered indigo is shaken in a flask with 10 
pts. of strong sulphuric acid, till the blue colour which the indigo had at first lost is 
completely restored. For this purpose, from ten to twelve hours are requisite at 7°, 
three hours in the heat of the sun, 20 minutes at 88°, and a few moments at 100°. A 
largo quantity of water is added ; the solution is filtered ; and the pndpitato is taken 
from the filter and washed by decantation with water containing sufficient chloride of 
ammonium to prevent it from dissolving the sulphophomicic acid. The solution of 
chloride of ammonium is allowed to run from the filter, and tho precipitate is removed 
and suspended in a largo quantity of water. After three days, the solution is poured 
off, and the water is renewed as long as sulphophcenicic acid continues to dissolve. The 
sulphophcenicic acid is then precipitated from the decanted solutions by chloride of 
potassium, and the precipitate is washed on a filter with water as long as the water 
continues to pass through. Sulphophcenicic acid thus prepared contains a little potas* 
sium-salt and a large quantity of earthy matter; after drying, it is no longer soluble hfc 
water. (Crum.) 

HiifFely triturates 1 pt. of finely powdered indigo with 20 pts. of common sulphurio 
acid ; allows the whole to stand for some time, till u drop of the solution, which is at first 
blue, colours water or paper violet ; and then mixes tho solution with a large quantity of 
water : the action of the sulphuric acid is promoted by heating the whole to 40°. If 
lens sulphuric acid is used, it must be more strongly heated; if only 3 pta. of sulphurio 
and are employed for 1 pt. of indigo, the latter is not completely converted into sulpho- 
ph®nicic acid. If Aiming sulphuric acid is used, it is not easy to discover when the 
reaction is ended. 

Properties. — Sulphophcenicic acid forms a blue mass or a purple-rod powder, soluble in 
water, to which it imparts a blue colour. It dissolves readily, with blue colour, in sul- 
phuric acid, especially in the fuming acid, being at the same time gradually converted 
into sulphindigotic add. With a large quantity of soda-ley, it forms a yellow solution 
which turns blue if immediately mixed with sulphuric acid of 66° B.; but stronger sul- 
phuric acid added after 24 hours, produces a whitish predpitate. (Qr os-Ben aud, 
BingL po!. J. 129, 288.) 

The sulphophxenieates arepredpitated from the aqueous solution of tbs add by tho 
addition of other salts. When dry they are red ; their aoueous solutions tre blue. 
They dissolve very sparingly in water, but more readily in alcohoL The solutions are 
reduced to yellow liquids by heating with sulphydric add, by sulphate of iron and 
hme, or by caustic alkalis. The reduced solutions turn blue on exposure to the air, and 
on the addition of other salts, the salt of sulphophcenicic add is precipitated Mr 
changed. 

The ammonium-silt, when heated, evolves sulphurous anhydride together with fair 
phiie of ammonium, and a red vapour which yields n sublimate like indigo-blue, This 


INDIGO SULPHUBIO ACIDS. 

sublimate is often bright green on the lowest edges, like the wing-cases of cantharides, 
and tans brown when burnished. 

The potassium-salt, C ia H*KN*0 2 .SH t 0 1 (?) is obtained by adding acetate of potas 
smm to the aqueous solution of the acid. It is then precipitated in purple flocks, which 
must be washed, first with acetate of potassium, then with alcohol. It dissolves in loo 
of water. 

The sodium-salt is obtained in like manner. 

The solution of sulphophcenicic acid, even when very dilute, is precipitated by the 
* 'cium, magnesium, aluminium , iron, tin, and copper. 

t< Products obtained by decomposition of the Indigo-sulphwric acids . 


The following products of the decomposition of these acids are described by 
Berzelius {Lehrbuch dcr Chimie, 4th Aufl. vii. 226); but their composition is 
very uncertain, and they require further examination : — • 

1. Bulphoflavic add. — This acid is formed by heating sulphoviridate of potassium 
with lime-water in contact with the air. — To prepare it, sulphindigotate of potassium 
is heated with lime-water in an open vessel, until the solution acquires a pure red colour 
(if the action is t oo prolonged, it becomes yellow ; if the access of air is kept under 

r control, it is easier to hit the right moment). Carbonic anhydride is then paased 
through the liquid; the filtrate evaporated to aryness, and the green, brownish- yellow 
residue extracted with alcohol. The yellow solution is precipitated with acetate of 
lead ; the lemon-yellow precipitate suspended in water and decomposed by sulphydric 
acid ; and the solution filtered from the sulphide of lead is then left to evaporate. It 
forms yellow arborescent masses, having a strong acid taste and reaction. It is soluble 
in water and in alcohol ; the solution forms with acetate of lead a lemon-yellow preci- 
pitate, insoluble in water. 

2. BulphofUlvlo and Solpboruflo Acid*.— These acids are formed simulta- 
neously with sulphoftavic acid. The residue, from which the sulplioflavic acid has 
been extracted by alcohol, is dissolved in water, and the bright-red solution is preci- 
pitated with basic acetate of lead. The pale-red precipitate is suspended in water, 
and decomposed with sulphydric acid, and the filtrftte is evaporated to dryness. 
Absolute alcohol extracts from the residue, sulphofulvic acid, which, on evapora- 
tion, is deposited as a dark yellow, transparent mass, having the consistence of an 
extract ; it forms a lead-salt., is readily soluble in water and in alcohol. The portion 
insoluble in alcohol is sulphorufic acid. This latter d'ssolves in water with 
a fine red colour, and, on evaporating the water, forms a dark red, opaque, amor- 
phous mass, which tastes acid and strongly reddens litmus. The lead-salt is readily 
soluble in water and in alcohol. 

3. Sulplio purpuric Acid. — This acid is formed by the action of alkalis upon 
■ulphoviridic acid. 1 pt. of sulphindigotate of potassium is dissolved in 60 pts. 
,of lime-water and heated in a covered vessel, till the solution, which has gradually 
turned purple rod, does not become green again on cooling. After the whole has been 
allotted to cool in the covered vessel, the excess of lime is precipitated by carbonic 
acid ; the filtrate is evaporated to dryness ; and the residue treated with alcohol, 
#h extracts a little sulphoflavic acid. The residue is dissolved in water, the 
{xa||.^>red solution precipitated with acetate of lead, and the precipitate suspended in 
ttJ&er and decomposed by sulphydric acid ; the filtered solution is then evaporated to 

Sulphopurpuric acid forms a brown uncrystallised mass, dissolving in water with 
dark purple-red colour. The potassium- salt dissolves in wafer and imparts to it a 
dark purple-red colour, like that of permanganate of potassium. The precipitate 
produced by mixing the aqueous solution of the acid withmaietate of lead, is slightly 
soluble in water, with a reddish colour ; insoluble in alcohmpd With excess of oxide of 
lead, a pale red salt is formed, which is insoluble in water. ^ 

4. Salpbovlrldio Add. — This is the first product of decomposition in the action 
of alkalis upon snlphindigotic acid. 

1. To an alcoholic solution of an alkaline hyposulphindigotate, hydrate of potassium 
i* added in small portions until it becomes green, and the green precipitate is washed 
on a filter with a little alcohol. The precipitate is decomposed by an aqueous solution 
of oxalic acid, filtered, and the filtrate is freed from excess of oxalic acid by triturating 
it with a little carbonate of calcium: it is then filtered and evaporated to dryness. 

* 2. When a solution of hyposulphindigotate of barium is evaporated to dryness on a 
water-bath, it becomes green and yields a precipitate with basic acetate of lead, but 
not with the neutral acetate; and if the greyish-green precipitate is decomposed by 
sulphydric acid and the green filtrate evaporated to aryness, sulphoviridic add i* 
obtained as a dry, hard, gummy mass, having a strong acid reaction. 



INDIGOTIC ACID— INDIGO- WHITE. 5« 

* • * ' • 

It di*»olv«e very readily In water, end slowly, but completely, In strong JmKqI 
the solutions appear dark green by reflected light, and dark red by transruttedU^t. 
The aqueous solution mixed with lime-water becomes yellow in contact with the air. 
The lead-salt is somewhat soluble in water, imparting to it a greenish colo ur. 
XVDIOOTZC AOZB. Syn. with Nitrosalicylic acid. (See Salicylic aod.) 

XjrDZOOTZVe Syn. with Indigo- blue. 

xarSXOO-WBXTIs C'li'WO 1 . White Indigo , reduced or deoxidised Indigo, 
Indigogen(Q m. xiii.93 ; Gerh. iii. 510). — A colourless substance, produced by the action 
of reducing agents on indigo- blue (pp. 251, 251), and differing from a double molecul* 
of the latter (C‘*H l0 N a O*) by two atoms of hydrogen. Chevreul, who was the first to 
isolate it, supposed that it existed ready formed in indigoferoua plants, and was 
converted into indigo-bluo by oxidation ; but Sehunck has shown that this view is 
untenable, because indigo-white is soluble only in alkaline liquids, and the juice of 
plants is always acid. Moreover, if the indigo-white existed in the juice of these 
plants, it would be converted into indigo-bluo by oxidation, on coming to the surface, 
which is not the case. 

Preparation. — Commercial indigo, purified by boiling with hydrochloric acid, next 
with strong potash, and afterwards with alcohol, is mixed wit h freshly prepared hydrate 
of calcium (2 parts of quick-lime to 1 of iudigo) and placed in a closed vessel with 150 
parts of boiling water, after which sulphate of iron equal to ono-third the weight of the 
imligo is added, and after the vessel has been closed, the whole is carefully shaken. 
Alter two days, the solution is decanted by means of a siphon into flasks filled with 
carbonic anhydride, and when the flasks are nearly full, they are completely filled with 
boiling dilute hydrochloric acid, corked up, and placed in a vessel containing cold 
wafer. The air is thus prevented from obtaining access to the indigo-white, which 
separates out in white crystalline flakes. After tho indigo-white has settled down, the 
solution is drawn off with a wide siphon, and tho deposit is thrown upon a filter, which 
is covered with a bell-jar, into which a stream of hydrogen or carbonic anhydride is 
passed. The filter is washed with cold water, which lias been well boiled and then 
corked up. Indigo-white is very easy to wash, and if the deposit is allowed to stand 
for several days, it becomes so consistent that it may bo washed in tho air without 
Incoming deeply coloured. After the contents of the filter have been washed, they are 
spread, while still moist, upon a glass pinto ami dried in a vacuum. When the indigo- 
white is dry, carbonic anhydride is allowed to flow into the receiver of tho air-pump, 
in order that the pores of the dry mass may become filled with the gas (Berzelius, 

I) u in a s). — 2. Three pts. of indigo-blue which have been purified by boiling, are digested 
for 24 hours with 5 pts, of hydrate of calcium, 4 pts. of sulphate of iron, and 120 pts. 
of water, in a closed flask filled with hydrogen, and the whole is frequently shaken till 
the deposit assumes a greenish-yellow and the solution a reddish-yellow oolour. The 
lime is precipitated from the latter with carbonate of potassium, and the clear solution 
is decanted by means of a siphon filled with hydrogen, into a flask containing a 
mixture of hydrochloric acid ami sulphite of ammonium. The thick white precipitate 
which is thus formed is filtered out of contact with this air, washod with water con* 
taming a little sulphite of ammonium, and dried at 100° in a stream of hydrogen, 

n. big *) # 

Properties. — Indigo- wliite thus prepared forms a coherent greyish-white mass havfog 

a faint silky lustre; if absolutely pure, it would probably be quite white. It 
less, inodorous, and does not change the colour of litmus. It is perfectly insoluble in 
v>aier t and in such acids as do not decompose it, but dissolves in aqneous alkalis , in 
alcohol, and in ether , forming yellow solutions, which, when exposed to the air, turn 
yellow and deposit indigo-blue. 

decompositions. — 1. When indigo-white is heated in a vacuum, a little water is 
evolved, a small quantity of indigo-blue sublimes, and a large carbonaceous residue is 
left (Berzelius). — 2. When exposed to the air f and in contact with various oxygen * 
compounds, it takes up oxygen and is converted into indigo-blue. Freshly precipitated 
mdigo-white turns blue imiriediately when shaken with water containing air, even if a 
free acid is present. After washing, and while still moist, it becomes purple through 
its entire mass on exposure to the air, unless it is rapidly dried. When diy, it requires 
several days* exposure to the air, to oxidise it completely, first becoming bright 
blue, and then dark bine through the entire mass. It cannot be preserved in sealed 
8 ’. nce the air contained in its pores is sufficient for its conversion into indigo-tfine. 

indigo- white exposed to the air at a gradually increasing temperature, suddenly 
b< J co mcs dark purple. When a cupric salt is added to an alkaline solution of indigo* 
a salt of the alkali, together with indigo-blue and cuprous oxide, are formed ; 

.. “[tier, on the addition of sulphuric acid, is decomposed into cuprous oxide, which 
uissolves, and a residue of metal.— 3. Indigo-white precipitated from utk alkaKne 
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eolation by nitric acid, la turned blue by a alight excess of the acid, and then mom 
completely decomposed (Berzelius). It dissolves instantly in sulphuric acid, and 
Imparts to it a dark, purple colour, which passes to blue on dilation. According to 
Berzelius, the indigo-wnite is oxidised, and part of the sulphuric acid converted into 
hypoeulphuric acid. , „ „ , ■ . 

Metallic Derivatives of Indigo-white.— Indigo-white dissolves readily in all aqueous 
alkalis and alkaline earths, , also in the aqueous carbonates of ammonium, potassium, 
and sodium, and, according to Liebig, without depriving them of their alkaline re- 
lation. The cold solutions are pure yellow, the warm and highly concentrated solutions 
' brownish-yellow. When exposed to the air, they immediately deposit indigo-blue. 

Indigo-white forms with lime a neutral compound, readily soluble in water, and a 
basic compound which is almost insoluble ; this latter is precipitated when the solution 
of the more neutral body is digested with hydrate of calcium, or when indigo is digested 
with water, sulphate of iron, and excess of lime. The precipitate of gypsum and 
hydrated seaquioxide of iron, which is formed at the same time, may be readily sus- 
pended in water and separated by levigation. The basic compound is of a lemon- 
yellow colour, and very slightly soluble in water, to which it imparts a yellow colour. 
On exposure to the air, it first turns green, and then bright blue. (Berzelius.) 

The alkaline solutions of indigo-white are precipitated by the salts of the earth - 
metals and heavy metals , yielding white precipitates, which turn blue in the air more 
quickly than indigo-white itself. The magnesium-compound , being slightly soluble, 
is partly thrown down as a white precipitate, and partly remains dissolved in the 
aqueous solution, to which it imparts a yellow colour ; it turns blue on exposure to 
the air. The aluminium-compound is white, but rapidly turns blue on the filter; 
if it be then dried, it forms a dark blue crystalline powder which sparkles in sunshine; 
indigo-blue may be very readily sublimed from it, and a grey earthy residue then 
remains. (Berzelius.) 

The manganous compound is dirty-green, and does not yield any sublimate of indigo- 
blue when dried in the air and heated. The zinc-compound is white, but rapidly turns 
blue on exposure to the air, and then yields a sublimate of indigo-blue when heated. 
The lead-compound is white and slightly crystalline, turns rapidly blue on exposure to 
the air, and if then heated, detonates slightly, and yields reduced lead. The ferrous 
compound is white, but quickly turns blue on exposure to the air; if it be then heated, 
it doeB not yield any sublimate of indigo-blue. The cohalt-compound is grass-green, 
and after drying in the air, does not yield any sublimate of indigo -blue when heated. 
Nitrate of silver produces with an aqueous solution of the potassium-compound a pre- 
cipitate which is at first transparent brown, and then becomes black ; it is not acted 
upon by the air, but when heated, produces a gentle explosion and yields a sublimate 
of indigo-blue and a residue of metallic silver. (Berzelius.) 

mZOO-TSLLOW. A substance produced by heating hyposulphindigotate of 
calcium with lime-water, in contact with the air. It is a transparent yellow mass, 
with neutral reaction ; swells up when heated, omitting an odour like that of burnt 
animal matter, and is slowly converted into a combustible cinder. It dissolves in 
water and in alcohol, forming yellow solutions. The aqueous solution is precipitated 
ineqmpletely by neutral acetate of lead, completely by the basic acetate. 

; n|j>IHU3ttZN. A product of the decomposition of indican (p. 248) perhaps iden- 
. '.tical with indigo-brown. It is obtained but sparingly, and not on all occasions. It is 
i!|w>wn powder, containing 62 86 per cent, carbon, 4 71 hydrogen, 719 nitrogen, and 
2&24 oxygen, agreeing nearly with the formula C l8 IPNO\ It burns without melting 
when heated, is insoluble in water and in alcohol, but dissolves in aoueous alkalis, 
forming a brown liquid, from which it is precipitated by acujs. It dissolves in boiling 
nitric acid, forming a yellow solution, which, on evaporati«^ leaves an orange-yellow 
residue. Jgj 

XSTDZST. (Laurent, Ann. Ch. Phys. TO iii. 471.) — A oompound, 

probably containing the elements of two molecules of indigo-blue, produced by the 
action of potash on isatyde, sulphisatyde, or disulphisatyde by heating isatan of 
tsatyde: — 

C ,8 H**N 5 0* « C**TI w N ? 0* + H*0. 

Isatan. Indin. 

2C W H”N*0« - + 2C*H 4 NO* + 2H’0. 

Isatyde. Indin. Isatin. 

2C W H , *N*0« + 3KHO - C**H*KN*0* + 2C*H*KNO* + 3H*0. 

Isatyde. Indln-potassium, IsaUte of 

potassium. 

2C“H»1P80* + SKHO - C'*H'KN*0‘ + 20•H«KN0 , + H’O + 2H*S. 

8u!i>M«atjrde. 

»H"» *8*0* + 4KHO - C'*H’KN*0» + 2C*H*KN'0* + KHS + 8HW. 

IphlMtaW. 





It is most aaaily prepared by the action of potash on disuipiusaryoe. xme substanc* 
is placed in a mortar, and potash poured upon it so that a stiff magma is formed, 
which is rubbed up for some time, and potash added drop by drop. When after fire 
or six minutes the mass turns rose-coloured, alcohol is gradually added, and the whole 
is constantly stirred, until a dark rose-coloured paste is formed, which is diluted with 
alcohol, and filtered The residue is washed, first with alcohol, and then with water. 
Since the indin thus obtained contains abundance of sulphisatyde, the water is removed 
from it by washing with alcohol, which is allowed to run through the filter; the indin is 
then taken from the filter and treated with very strong lukewarm potash, wherein it 
immediately forms a black solution, which after a few hours becomes thick with black 
needles of indin-potassium. (If the potash is too hot, the black colour disappears, and 
the indin is completely destroyed.) It is then diluted with absolute alcohol, and the 
solution removed with a pipette ; the crystals are washed on a small filter with common 
alcohol, then with dilute hydrochloric acid, and finally with water ; they jure thus 
gradually reduced to red pulverulent indin. In order to obtain indin crystallised, the 
black crystals are dissolved in boiling absolute alcohol, and the boiling solution if mixed 
with hydrochloric acid; microscopic crystals then separate out on cooling. 

Indin forms a deep rose-coloured powder or fine microscopic needles ; insoluble in 
water, very sparingly soluble in alcohol and ether, even at the boiling heat. When 
heated, it swells up as soon as it begins to melt, yields a sublimate of needle-shaped 
crystals, and leaves a considerable quantity of charcoal. It dissolves with rod colour 
in sulphuric acid , and is precipitated unchanged by water. With nitric acid, it yields 
nitrindin, and with bromine, dibromindin. , 

The analyses of indin, made at different times, do not agree very well together, the 
carbon varying from 71*55 to 72 09 per cent., and the hydrogen from 3 0 to 4*65 the 
nitrogen in one analysis was found to be 11*0 per cent. The formula C H N O re- 
quires 73*3 C, 3*8 H, and 10*6 N. The differences arose, according to Laurent, from 
the presence of hydrindin, into which a portion of the indin had been converted by the 
further action of the potash. . „ , , , 

Indin-potassium, probably C ie H'KN«O a . This compound is formed in the prepara- 
tion of indin ns above described, and may be prepared in a state of greater purity by 
warming indin moistened with alcohol, and dissolving it in strong alcoholic potash. 
The black solution, if immediately taken from the fire, deposits black crystals, which 
must be freed from the liquid by decantation, rapidly washed with absolute alcohol, 
then laid upon paper, and dried in a vacuum on a porous tile. The crystals rapidly 
attract ii oisture from the air, and are resolved into potash and indin. The compound 


then laid upon paper, and dried in a vacuum on a porous tile. I he crystals rapidly 
attract n oisture from the air, and are resolved into potash and indin. The compound 
gives by analysis from 11*5 to 12 0 per cent, potassium whereas the ^ve formul* 
miu ires 13 0 per cent. The analyses agree better with the formula C H KN*0* t 
which is that of the potassium-salt of an acid, related to indin in the same manner at 
isatic acid, C^fiPNO*, to isatin, C*H‘NO*. 

Derivatives of Indin . 

Dibromindin. C w H*far*N*0 2 . (Erdmann, J.pr. Chem.xxii. 265. Laurent, Attn. 
Ch. Phys. [3] iii, 371 .)— Produced :—l. By the act ion of bromine on indin (Laurent). 
— 9 ^rdrminnh— 3. Bv the action of bromine upon Ouul* 


—2. By heating dibromisatyde (Erdmann).— 3. By the action of bromine upon 04*01* 

Ph T“‘ p« f .r® 1 ' “t“ Tndin is treated with bromine, whereupon hydrobromic yjd 
evolved, and a violet-black powder ia formed (Laurent). Or dibromisatyde » MCM 
at a temperature not exceeding 220°, and dibromiaatin and nndccompoeed dlMW- 
satyde are removed from the products by treating them with boiling alcohol (todmmnj. 
Or bromine ia poured upon aisulpbisatyde, whereupon hydrobromic acidand bwgd* 
of .ulphur are Solved, land the soft brown mass thus formed is twatedvrftt^MV , 
which extracts resin and an orange-yellow crystalline mass, and leaves dibromindin M 

‘ '^ b ^^^to ( 1 L a a nd e 3, n it > i. a violet-black powder ;prepar«l accoMiog t. ». 
it is blackish red. It is slightly soluble in alcohol and in < ther. 

When dibromindin is heated between two p latinum crocible-covers, .the «"»{«» P“» 
Chars; placed on glowing charcoal, it yields a sull. mate of shining 
Which appear violet by transmitted light under the m.crojcope^ 
treated with potash ; if water is added and the whole boiled, the dibrommdm ga daany 
dissolves anfformi . yellow solution, ftom which acids 

When it is boiled with alcohol and solid hydrate of potassium, a bUcki^rod soluUon Ul 
formed, from^lShw^r^: hydrochloric acid precipitates violet-coloured dibromindin. 

Dimoorindia. CJ^HKJl*. (Erdmann, 3 . pr. Chem. xxii. 26i.) Produced front 
cMoriaatyde by the action of hcafe or by treating it i . mn& m* 

Chbrisatyde is heated to 200°T*pd the product i» freed from ehlorwatin 
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d« •« dlwolTtd in varm 
from the deposit of chlo- 


decomposed ohlorieatyde by boiling alcohoL J 

ixrtasbTand allowed to cool s the mother-liquor if poared^W from the deposit of chlo- 
i nm, and mixed with acetic acid, whichprecipitates yellow chiorisatic 
add* On subsequently heating the filtrate with hydrochloric add, it assumes a deep 
orange colour, and deposits violet flakes of chlorindin, which are filtered from the hot 

^CMorindin forms a dirty violet powder, insoluble in water, hydrochloric acid, and 
alcohol It dissolves in potash , forming a yellowish solution, with which hydrochloric 
add gives a yellow precipitate, soluble with yellow colour in water. 

Totraotalorlndln. CKHKOTTO*. (Erdmann, loc. tit .) — Produced from chi on - 
satyde by the action of heat below 200°, or by tho action of potash. It resembles 
chlorindin. 

Sydrlndls. C”H”N 4 0 4 ? (Laurent, Ann. Ch. Phys. [3] iii. 475.)— A compound 
produced by the action of alcoholic potash upon indin, isatin, iBatyde, sulphisatyde, oi 

oisulnhisatyde. _ . . 

Preparation. — 1. Indin moistened with alcohol is warmed with strong potash-icy 
till the solution, which is at first black, has become colourless, and the crystals of hy- 
drindin-potassium, which separate out on cooling, are completely freed from potash by 

Water. 2. When isatyde is treated with potash and a little alcohol, a beautiful rose- 

coloured solution is formed, which, when mixed with hydrochloric acid, and gently 
evaporated, becomes yellow, and deposits on cooling a mixture of isatin and hydrin- 
din, from which the isatin is extracted by treating with a little boiling alcohoL 

3. Sulphisatyde dissolves completely in gently heated potash, and on cooling, the 
potassium- com pound of hydrindin sometimes separates out in beautiful small, pale- 
yellow crystals; sometimes, however, the solution solidifies into a mass of needles 
having a silky lustre. The whole is mixed with a large quantity of water, and the 
crystals are washed on a filter till all the potash is extracted. Tho filtrate mixed with 
hydrochloric acid still deposits a small quantity of hydrindin, together with a substance 
which is perhaps indin. 

Hydrindin forms a white or pale-yellow powder, insoluble in water, slightly soluble 
in boiling alcohol, and separating from the solution on cooling, in small rhombic or six- 
sided needles. . , , , . „ 

Hydrindin carefully heated above 300°, turns violet-brown and gives off 2 at. water ; 
the residue behaves with alcoholic potash like indin.— With boiling nitric acid it forms 
* violet powder similar to nitrindin. 

, Hydrmdin contains, according to the mean of Laurent’s analyses, 69*80 per cent, C, 
4*85 H, and 1070 N. Tho formula, C M H w N*O a , deduced therefrom by Laurent, which 
represents hydrindin as composed of 2 at. indiu + I1‘0, requires only 4-0 per cent. H, 
Which is much below the analytical number. Gerhardt suggested the formula 
CffH**N 4 0 4 .H*0, which requires 70 59 per cent. C, 4 41 H, and 10 29 N, and represents 
hydrindin as a hydrate of a double molecule of indin + 2 at. H. The formation of 
hydrindin by the action of potash on indin, &c. is more favourable to Laurent’s than to 
Crarhardt’s view, provided hydrindin is the sole product of the reaction ; but in reality 
pthey tooducts are formed at the same time, so that the formation of the more highly 
' drogenised compound, hydrindin, may perhaps bo compensated by that of one or more 
fipounds containing a larger proportion of oxygen. The organic molecule, C ,a H ,r N'0, 
slated with the elements of sulphuric acid in Scblieper’s hydrindinsulphuric acid 
07) differs from indin by the substitution of 2 at. H for 1 at O ; but os the mode 
rrinatlon of this molecule is altogether different from that of Laurent’s hydrindin, 
(probable that the two have little more in common than tbaTname. 
^bindin-potassium. C* 2 H 21 KN 4 0 4 .3H 2 0 ? When hydrjWin w dissolved in warm 
y. potash, this salt separates out in short, brilliant, pifaprellow prisms or silky 
„_ji^ Containing, according to Laurent’s analysis, 60*0 pjy^cejit. C, 4*3 H, 5*6 Jv, 
I M water of crystallisation ; these numbers agree better with Laurent’s formula 
given, which requires 60*54 per cent. C, 4 27 H, and 6*18 K, than with that 
%}uGh corresponds to Gerhardt’s formula of hydrindin, viz. C^H^KNHXSH^O which 
fequim 62*11 C, 4*37 H and 6*34 K. The salt is decomposed by washing with water, 
leaving nothing but hydrindin. 

Mttrtndla. C ,t H*N 4 0*« C , *H , (NO*)*N ! 0*. (Lau rent, Ann. Cb. Phys. £3] iii. 478.)— 
JPkoduced by boiling indin or hydrindin with nitric acid. Isatyde and sulphisatyde 
probably als o yield nitrindin when boiled with nitric acid. 

It is a bright violet powder, insoluble in water, very slightly soluble in alcohol and 

ether. • v . • 

It decomposes rather quickly when heated in closed vessela. iuad^aves a residue of 
charcoal," which glows even out of contact with air* A|| gradually decom- 
I by boiling nitric arid* It dissolves in potash, irnning Ifleep brown solution* 
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AjSw down sometimes undecomposed indin, and 
f - if the solution has been boiled. With sufoAfe of 
Ammonia does not act upon it 


from which hydrochloric 
aometimes yellow flakes, e 
ammomam it behaves like 
snwsinuwvmsc ACID. C , *H‘ , Nmi*-(C l# H l# NK>*^0 > ).SH»0 4 . (O. and 
A. Sehlieper, Ann. Ch. Pharm. cxx. 24.) — An acid produced by the oxidation of 
hydrindimmlphuric acid (see below). The transformation may be effected by heating 
hydrindinsulphnric acid with a few drops of nitric acid, or by treating it with an 
alkaline of solution of ferricyanide of potassium or hypochlorite of sodium. The hydrin- 
din sulphates are also converted into indinsulphates by exposure to the air, especially in 
alkaline solution, or by heating them with nitric or nitromuriatic acid. The mother- 
liquor obtained in the preparation of hydrindinsulphate of barium, treated with hot 
nitric acid, yields large quantities of the indinsulphate. The free acid may be obtained 
in the crystalline form by decomposing the barium-salt with sulphuric add, and evapo- 
rating the filtrate. It has a red colour, is easily soluble in water, sparingly in alcohol, 
and is precipitated from t he alcoholic solution by ether, in red flocks. The aqueous 
solution dyes silk and wool scarlet. Its colour is altered by alkalis, probably inreon- 
sequence of a change analogous to the conversion of isatin into isatic acid. By sulphy* 
dric acid it is reduced to hydrindin-sulphuric acid : 

C , «H 1 ’N*S 2 0’ + 2H 2 S - C ,# H"N*S ? 0 8 + S 3 + H’O. 

Indinsulphuric acid is dibasic, and appears to form soluble salts with most bases. 
The salts when heated yield a crystalline sublimate of a fine red colour. 

The barium-salt , C ,< II 10 Ba' , N 2 S 2 O B .2II 2 O, is obtained, by drenching the hydrindin- 
sulphate with dilute ammonia, exposing it to the air, and stirring frequently, us a finely 
crystalline powder of a fiery carmine-red colour ; or, by heating the mother-liquor 
of the hydrindinsulphate with nitric acid, as a light powder consisting of slender 
dark-red, brown needles. It is moderately soluble in pure water, insoluble in aqueous 
chloride of barium, alcohol, and cold hydrochloric acid and nitric acids. At 100° it 
gives off 6-45 per cent, water (calc. 2 at. — 6*89), and the dried salt yields by analysis 
33 04 percent carbon, 2*02 hydrogen, and 26 27 to 2674 baryta, the formula requiring 
33-39 C, 1-74 H, and 26*60 BaO. 

The potassium-salt, C ,8 H'°K a N*S 2 0 , .5H 2 0, is obtained, by oxidising the solution of 
the hydrindinsulphate, by exposure to the air, or by means of ferricviimde of potassium, 
as a bulky carmine-coloured precipitate, perfectly insoluble in liquids containing potash. 

A hot solution of indinsulphuric acid mixed with excess of a potassium-salt, the chloride 
for example, deposits the indinsulphate on cooling in interlaced nellies of a dark-red ■ 
colour and almost metallic lustre, and so bulky that they nearly fill the liquid. The . 
air-dried salt heated to 100° gave off, on the average, 14*24 and 14'34 per cent, water 
(calc. 5 at. =* 14*85), and the remaining anhydrous salt gave by analysis 18*09 and 
18*21 per cent. K*0, the formula requiring 18*21 per cent. 

The silver-salt , C 1 *H ,t Ag 2 N :, S 2 0*, is obtained by mixing a solution of the acid with 
excess of nitrate of silver, in small brown bulky needles yielding (at 100°) by Atml/tRi 
29*39 per cent. C, 1*68 H, and 3276 Ag ; calc. 29*36 C\ 1*53 H, and 33 02 Ag. 

Hydrin din sulphuric add. C ,8 H'‘N 2 S 2 0* - (C w H w NK)B0»).SH i 0 4 ; (Ch and 
A. Sehlieper, Ann. Ch. Pharm. cxx. 20.) — This acid, which may be derived’^ 
indinsulphuric acid by the substitution of 2 at. II for 1 at. 0, # is produced hjr thf-;: 
action of sulphydric acid or sulphide of ammonium on indinsulphuric, or isdfnsutl| 
phuric acid; also of zinc and hydrochloric or sulphuric acid on the latter, but not 
the action of hydriodic acid. t . 

Preparation. — A moderately concentrated solution of isatinsulphuric acid (It* 
the acid to 5 or 6 pta. water) is slightly supersaturated with ammonia, then mixed 
half its bulk of sulphide of ammonium, and boated to boiling, the liquid then be* 
brown from dissolved sulphur, and smelling strongly of ammonia. More snip 
ammonium is then gradually added to the boiling liquid, till it smells pennant 
*ulphydric acid; and the boiling is continued (in a flask, to prevent oxidation)! 

** a trace of ammonia escapes. The Deutral pale-red solution filtered from the sop 
sulphur consists almost wholly of hydrindinsulphate of ammonium, which may h#* 
converted into the barium-salt by precipitation with chloride of barium, and from this 
the acid is obtained by decomposition with sulphuric acid 

Hydrindinsulphuric acid is obtained, by evaporation of its aqueous solution. «*, * 
colourless radio-crystalline mass, which becomes reddish when exposed to theatr. 
has a very sour taste dissolves easily in water , less easily in alcohol, and is insoluble 
m ethtr. 

. The acid is dibasic ; He salts are almost all soluble, and are easily converted Into 
indinsulphates by esp ecially in alkaline solutions. 

\ tile t4fe» sdd* are uid lob* related to one snotber lath* 4 

’•vmm rifliSSifSt U loeouaiueAt with UsSmes. 
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The barium-talt, C“H 13 B&'N’SK) , .4H , 0 (air-dried), is a light crystalline powder coo- 
siatine of white shining scales. At 100° it gives offll'68 per cent water (calc. 11-37 
per cent), and the anhydrous salt yields by analysis 26-86 and 26‘87 per cent Ba-O, 
the formula requiring 27*27 per cent. 

Itfi&attliiHralplii&rto acid. C l# H ,l N*S*0 ,t . (G. and A. Schlieper, Ann. Ch. 
Pharm. cax. 33.)— This acid, which differs from the last by the elements of one 
molecule of water, is also produced by the action of sulphide of ammonium on isa- 
tmaulphuric acid. If in the process above described, the liquid, after filtration 
from the sulphur, be immediately mixed with excess of caustic baryta, instead of 
being evaporated, the whole of the ammonia then expelled by boiling, the excess 
of baryta removed by carbonic acid, and the clear yellowish solution strongly 
concentrated by evaporation, it deposits, after standing for a few days, white 
crystalline crusts of leucindin-sulphate of barium, which when recrystallised, forms 
hs«L colourless, shining crystals containing C 16 H 16 Ba 2 S 2 0 10 , with probably ,5 at. water. 
— ----- ----- — 1 J ,JO cent, at 120° (mean 


They gave off 11*65 per cent, water at 100°, and 14*3 per c< 
12-&7V bv calculation 5 at. *» 13-1. The anhydrous salt 

. 9 . fJ TT .-J rtn .14 T5..2 n. ~..l 7..*.:^, 


gave b 


(mean) 28*10 j>er cent. C, 3 85 H, and 22*14 Ba 2 0 ; calculation 27*94 


l 


analysis 
3*78 H, 

(,-27 Bd’<5. 

^composing the barium-salt with sulphuric acid, and evaporating the filtrate, 
r n-flufphuric acid is obtained as a white crystalline mass, having a very soup 
tait&cfeasily soluble in water, sparingly in alcohol. Its alkaline solutions are not 
reddened either by exposure to the air, or by treatment with oxidising agents. Tho 
solution of the barium-salt is not precipitated by nitrate of silver ; but on adding 
ammonia, a white flocculent precipitate is formed, which turns brown when warmed ; 
acetate of lead forms a red precipitate. The barium-salt evaporated down with 
hydrochloric or sulphuric acid, is converted into indinsulphato of barium ; it is not 
altered by heating with potash. 

nrSIBBTIW. C ,g H ,7 NO s . (Schu nek, Phil. Mag. [4] xv. 29, 1 1 7. )— A compound, 
produced, togethor with indihumin, indirubin, and other products, by the action of 
dilute sulphuric acid upon indican (p. 248). It is a dark -brown shining resin, which 
at 100°-190°, contains on the average 66-04 per cent. C, 5 57 H, 3*83 N, and 24*56 
O (calc. 66-05 C, 519 H, 4*28 N, and 24 48 O). — When hated on platinum 
foil, it^melts, burns with a yellow, smoky flame, and leaves charcoal. By dry distil - 
fasten it gives off strong-smelling vapours, and yields an oily distillate. It dissolves 
| Q oil of vitriol with brown colour, and chars when heated. With boiling nitric acid , 
ft forms resin, and picric acid. — It dissolves easily in aqueous alkalis , and with brown 
colour in amuconia, being precipitated therefrom by barium , calcium , and silver-salts . 
It is precipitated from the alcoholic solution by neutral acetate of lead, and partially 
hiy cupric acetate. 

: ’lI ppfl- m T-p. TTmnw- C"H 4 NO. (Schunck, loc. cit.) — A compound, isomeric with 
ftk&tgo-blue (p. 249), and perhaps identical with indigo-red (p. 257), obtained in 
XfmaH quantity by decomposition of indican, more abundantly from Indian woad-leaves, 
$jm immersing them in a boiling alkaline solution of stannous chloride, the liquid then 
-ifiXttitlng indirubin on exposure to the air. The product thus obtained is purified by 
jpShlving it in alkaline stannous chloride, and treating it, after reprecipitation, with 
caustic Soda, acids, and water, and then recrystalliscd from alcohol. It forms long, 
purple, metallic-shining needles, which appear red by transmitted light, and when 
heated volatilise in red vapours and sublime. In tho impure state, it is a brown-rod 
gfoorphous powder. Contains 72 78 per cent. C, 10 50 N, 4*16 H, and 12 56 O, 
ftgwqmng with the formula above given. It dissolves with purple colour in strong 
» pjiuric acid , and is partially precipitated therefrom by prater. Cold nitric acid 
it with purple colour, but on applying heat, decomposition takes place, 
Attended with formation of resin and picric acid. It is ^ slightly altered by a 
4 of chromate of potassium and dilute sulphuric acid, even at the boiling heat. 
~ trine under water, it forms a blue amorphous resin soluble in alcohol. Seated 
\rlime , it gives off an odour of benzoin, together with alkaline vapours, which 
r condense to needles. It is insoluble in aqueous alkalis, but dissolves easily on 
^---■■Ti nn of stannous chloride or grape-sugar. From the yellow solution, acids throw 
JJownt dirty yellow flocks, which acquire a purple colour on exposure to the air, and 
impart > last purple dye to cotton-wool immersed in the liquid and afterwards exposed 
to fchesdr. It is not precipitated from the alcoholic solution by ammoniacal sugar-of- 
< Its sulphuric acid solution impacts a fine colour to wool, cotton, and silk. 

Xirtoiirarjg. A metal recently discovered by F. Keich and Th. Ifc i c h t e r ( J. pr. Chem. 
Ixxxix. 441) in the zinc-blende of Freiberg. Its speeftjasm is characterised by two 
. i*___ one very bright and more refamgbl&jfchsa the blue line of stron- 
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mum. It was the production of this peculiar spectrum that led to tho discovery of the 
m etai. The ore, consisting chiefly of blende, galena, and arsenical pyrites, was roasted 
to expel sulphur and arsenic^ then treated with hydrochloric acid, and the solution was 
evaporated to dryness. The impure chloride of zinc thus obtained, exhibited, when 
examined by the spectroscope, the first of the indigo lines above mentioned. The 
chloride was afterwards obtained in a state of greater purity, and from this the hydrate 
and the metal itself were prepared. The first line then came out with much greater 
brilliancy, and the second was likewise observed. 

Indium has hitherto been obtained in very small quantity only, so that its properties 
have been but imperfectly studied. The metal itself is of a lead-grey colour, soft, 


ammonia and potash as a hydrate, insoluble in excess of either reagent. Sulphydno 
acid does not precipitate it from acid solution. The oxide heated on charcoal with 
soda, yields a metallic globule, which when reheated oxidises to a yellowish powder. 
The compounds of indium impart a violet tint to the flame of a Bunsen's burn* 1 * 
Supplement, pp. 729, 1137.) 

ZNBVCTION, ELECTRICAL. See Electtucitv (ii. 384, 461). 

INDUCTION, MAGNETIC. Seo Magnetism. 

INDUCTION, PHOTOCHEMICAL. See Light, Chemical action oIpvT 

IVDTLB. Syn. with Inpioo-blur. (Gerh. iii. 609.) 

INFUSORIA. The following experiments on the influence of infusoria in exciting 
fermentation, have been made by Pasteur (Compt. rend. lvi. 416; R6p. Chim. p. 
18(53 p. 221). A quantity of tartrate of calcium mixed with a few thousandths of 
phosphate of ammonium and alkaline and earthy phosphates (either artificially pre- 
pared, or from the ashes of beer or of infusoria), was placed in a Hut-bottomed bottle, 
tho narrow neck of which was cemented to a bent glass tube ; the bottle was then 
filled up with pure water, and the water heated to the boiling point, while the end of 
the bent tube was plunged into water likewise heated to boiling; by this means all 
the air in tho solution was driven out. The surface of tho water in the vessel into 
which the bent tube dropped was then covered with a thick layer of oil, and the 
apparatus was left to itself for twenty-four hours. Not the slightest trace of fermen- 
tation could then be perceived ; but on quickly introducing into the bottle a small, 
quantity of infusoria produced by spontaneous fermentation of tartrate of calcium, and ; 
immediately replacing the small quantity of water thereby dislodged, with W 
deaerated by boiling, and plunging the end of tho tube below the surface of mercury 
so ns completely to exclude the air, the infusoria multiplied rapidly in the deposit of 
tartrate, which soon disappeared completely, being replaced by a deposit consistUlg^ 

the carcases of infusoria. . A . . . , , '- LT 

Hence it appears that the fermentation of the tartrate is determined by the pnweoee 
of an animalcule living without free oxygen. If tho bottle is idled up with "****£$ 
water, the tartrate ferments spontaneously, and the infusoria multiply qu y»., _ 
moving the oxygen present down to the last trace, and replacing it by * slig 
volume of carbonic anhydride. The ferment Hilda the nitrogen ana phosp 
quired for its development in the albuminous mutter present or the ammonl^ai 
and phosphates introduced. Tho carbon is supplied by the tartaric acid, ( ****”}, 

On^hT’influence of infusoria on tho germination of plants, see Leraaire, OofM^ 
rend. 1863, Sept. 21 ; Rep. Chim. app. 1863, p. 371. , .. &saflB8 

From experiments by Morrin (Compt. rend, xxxviu. 932 ; Jahresber. , 
it appears that the development of infusoria and algae goes on on y . w|P| 
obtain a supply of nitrogen already in the state of chemical 
evolved by decomposing animal matters, or in the form of animomcal 
grow in water which is in contact with atmospheric air continually renewed^Wg*^ 
the air has been deprived of ammonia and organic matters by washing NritR JW^ 

According to Salm-Horstmar (Jahresber. 1854, p. 145; 1855, p. 134), <ha 
colouring matter of infusoria is optically identical with chlorophyll. 

tVFUtORZAL EARTH. The infusorial earth sitnMed on the southern 
the Laneborg heath, near Ebedorf, has been analysed by W. Wiete/Ann^ abrhffWtt 
»>• »2). It eoMMa of two layers, the nnper. which is Oom l O to 
being light- coloured, and nearly white when diy, and the lower, which w 19 wca* 
or more, of n baownislHprqf colour. i- 


arg heath, near Ebedorf, has been analysed by W. Wicke^AnmCh^ttMl 
It consists of two layers, the uoper, which is from 10 to 
-coloured, and nearly white when diy, and the lower, which is iv wuca, 
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inks are of various coloursf^it the! 

1 printing. We shall first Wf 

d&t not ft# thin liquid, or> 6 *3 

inks.-- ^Common black ink fbr wntfiw is made 1 

„ nut-galls to a solution of copperas (ferrous sulphate). 

decoction of the galls contains both gallotannic and gallic acids, both of which produce 
deep-bL J ^ 1 " ^ ^ * 



turn bli 
salts 


j is distinguished by the 
; and red are most in use, both 
7. inks, which consist either 
' i^otoured precipitate bus- 

j infusion or 
unfrsfrif or 

. - « . Jjjfch produce 

\ with ferric salts, but with ferrous, salts, white precipitates which 
by oxidation on exposure to the air. Moreover, gallic acid colour^ ferric 
tich deeper black than gallotannic acid; hence it is, advantageous to leave the 
infusi^l to itself for some time, either before or after mixture with the iron-salts, in 
order that the tannic acid contained in it may be converted into gallic acid (ii. 767 

iww ,• . * 

^SCQ %twh the precipitate in suspension, and prevent it from forming a sediment, a 
^‘I'qiMtity of gum is always added: the gum likewise gives a certain gloss to 
^ V These are the essential ingredients of good writing ink, and any other 
t matters added, for the sake of cheapness, as substitutes for a portion of the 
^ impair its quality. Logwood is sometimes used, for the sake both of the 
1 the colouring matter which it contains. 

Vent ink from becoming mouldy, various substances are added to it, such as 
Wial Oils, finely bruised cloves, a few drops of phenic acid, and sometimes (but not 
-_,JHltftgeouely) corrosive sublimate. The addition of an acid retards the conversion 
ferrous into ferric salt ; the ink then remains thinner and pale while kept in 
thO’ bottle, and becomes darker only as the writing dries. 

The following are some of the numerous recipes for the preparation of black ink, 
calculated for 1,000 pts. of water: — 




a 

b 

0 

d 

e 

/ 

g 

Galls . 

226 

167 

133 

125 

66 

62 

31 

Copperas 

75 

73 

55 

24 

22 

31 

19 

Gum-arabic 

25 

73 

65 

24 

19 

31 

8 



h 

i 
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l 

m 

Galls . 

, 

50 

174 

50 


60 

42 

Logwood 

. 

— 

— 

100 


20 

21 

Copperas . 


32 

87 

16 


20 

21 

Sulphate of copper 

— 

— 

— 


— 

5 

Gum . 


9 

43 

47 


20 

16 

Sugar . 

, , 

— 

— 

23 


1000 


Vinegar 

. 

125 

135 

— 


— 
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V Of the genuine inks ( a — <y), a, b , and c aro too strong for ordinary use; d, e and / 
‘Me perhaps the best ; g would be somewhat too pale. The rest cannot be recommended, 
Excepting for special purposes. Sulphate of copper deepens the colour of the prici- 
-pifcftte, but renders it more compact and heavy, and therefore more apt to settle down. 
%‘A certain quantity of sugar renders the ink more fluid, and permits the addition of a 
larger proportion of gum. It likewise renders the ink adhesive when dry, so that a 
copy of the writing may easily be taken off by laying a sheet of thin unsized paper, 
damped with a sponge, on the written paper, and passing lightly over it a fiat iron very 
moderately heated: ink of this quality is called copying ink. 

The so-called alizarin -inks (a mere commercial name, by no means implying that 
they contain the alizarin of madder) consist of common inl$ mixed with a little free 
sulphuric acid, which, like other acids, retards the oxidatioriCjof the ferrous precipitate 
(see Iron, oxides of), so that the writing becomes black after exposure to the 
*4*4 the change being, perhaps, accelerated by tho neutralisation of the sulphuric acid 
by , the basic substances contained in the paper; the ink blackens very qmckly wbett 
exftosed to ammoniacal vapours. A certain quantity of sulphindigotic aqid 

^dium-salt (indigo-carmine) is usually added, so that the ink may not^Mli&P 
tin writing. An ink of this kind may be prepared by exhausting 
f nut-galls with 112 pts. water, and then adding 7 pts. copperas 
Id* At the same time, 1 pt. of finely pulverised indigo-blue is dissolved in 
4 pt%l|aidng sulphuric acid ; the solution after 24 hours is diluted with — •*-**■“-*• 
mtited with a small quantity of carbonate of soda ; the precipitate iseoll 
saline solution, then suspended in water; and this 
fbfmerlill the whole exhibits a rather deep greenish-blue colon 
Runge first suggested; tbs preparation of ink 
dkroiitflB of potassium* ftwdi ink is more jsasily diluted than < 




ireparea it by n^jdng U pta. by wrffjbt of solid imnwcial 
“ A h 1,000 pts. water(or a decoction of l pt of lugitfbd boiled , 


i lPW yellow chromate of pot*»iti«r dissolved in 
^logwood extract, 1,000 ptowatei^^C^ 


extract of „ 

down to 8 pta. of bqrnd), and 
wa ter* Gobel takes 2V 

yellow Aromate. ^ 

ro&~*Ereparcdby mating a decoction of galls with vanadatoof ammo- 
nia. It is black, and flows easily, because it does not contain any precipitate; it is not 
attacked ^y'dilnte alkalis, but acids turn it blue. (Berzelius.) 

The bfa*k-violet Rouen ink ( encre bieue rouenaise ) is prepared by boiling 750 pta. of 
logwood with 6,000 pta. water, 36 pts, alum, 31 pts. gum-arabic, and IS p& sugar- 
can dy f leaving the milture to stand for two or three days, and straining through a 
linen cloth. * v 

Ink in cake*.— 42 pts. of good nut-galls and 3 pts. of madder are boiled in about 
six times their weight of water; the filtered decoction is mixed with 6^ pts. copperas, 
and 2 pta pyrolignate of iron ; 1J pts. solution of indigo (in sulphuric acid/ailuted 
with water) is then added ; the mixture is evaporated nearly to dryness at agobtfarlnat^ 
and with constant stirring; and the pasty mass is then made into cakes, and the *' * * “ 
dried." This ink dissolved in 6 pts. of hot water is said to make an excgUogtfj^ 
ink, and in 10 or 12 pts. water, a very fine writing ink. 

Ink-powder. — A solid chrome-ink may be made by triturating together to ^ 
powder, 100 extract of logwood, 1 pt. neutral chromate of potassium, and ^ 
carmine. 1 pt. of this powder added to 32 pts. water is said to make very gc 
A mixture of 4 pts. pounded galls, 2 pts. copperas, and 1 pt. gum-arabic IS algpf! 
fluently sold as an ink-powder. . f 

Copying inks . — Inks for this purpose must bo rather thick, not dry too quickly, afod 
soften when moistened again, without becoming too fluid. The following preparation 
is much recommended : 4 pts. by weight of logwood-extract are dissolved in a mixture 
of 60 pts. vinegar, and 70 pts. water, and 3 pts. copperas, 2 pts. alum, 2 pts. gum* 
Arabic, and 4 pts. sugar are then added. This ink is at first more violet than tb# 
Kouon ink, which is also used as a copying ink. 

Indelible inks. — As writing executed with ordinary ink isliuble to fado in course of tiipe, 
the tannate and gallate of iron being gradually decomposed, and as, moreover, it&jMSily 
eftitced by the action of certain chemical reagents (oxalic acid, hydrochloric acid, chlo- 
rine), it is desirable that valuable documents should be written with an inknot liable to 
destruction from such agencies. Various compositions have been proposed for thisputpOM, * 
Most of them consist of common ink, or some other dark-coloured liquid in which finely 4 
divided carbon (Indian ink or lump-black) is suspended The simplest of all is made . 
by mixing common ink with Indian ink (p. 24G) rubbed up with weak by drool dorictohL 
"Writing executed w r ith such ink cannot be bleached by chlorine or destroyed by acids; 
but the carbon may be ultimately removed by water, even when it is as finely divided 
u* in Indian ink, and consequently penetrates the pores of the paper to a certain 
extent. Ink prepared in like manner with lamp-black is easily washed away. Traill's 
indelible ink is prepared by steeping wheat-gluten in water for 24 to 30 hours, then* 
dissolving it with aid of heat, in strong vinegar, of specific gravity l;033, or in pyro* 
ligneous acid, and then rubbing it up with Indian ink or lamp-black. This ink is of 
a fine black colour, and cannot be obliterated by water, chlorine, or dilute acids. 
Kind dissolves 1 pt. honey in 14 pts. water, adds 2 pts. strong sulphuric acid, and 
He n adds a quantity of indigo-solution sufficient to render the ink visible in writing. A 
hot iron is then passed over the writing, whereby not only the honey is carbonised, 
but likewise a portion of the paper-fibre, by (he action of the freo sulphuric acid. The 
writing cannot bo effaced by any chemical reagent, and only with great difficulty by 
mechanical means, since the ink penetrates deeply into the paper, and the charcoal u 
consequently separated within the pores ; the paper is, however, very much attacked. 

The vanadium-ink, above described, may also be used as an indelible ink ; 
*cids merely torn it blue; chlorine destroys the black colour, but does not eflhce the 
^diufc even after long washing. > 

W lbb — Red ink is usually prepared cither with cochineal or with Brazil-wood. 
Jhf'cdckineal inks are the brightest, but at the same time the dearest and ffitMft / 
foflti rs. The best is a solution of pure carmine in caustic ammonia ; it mnstpQ pto* 
well-stopped vessels. Bottgcr recommends 1 pt. of good carmine, 1 tQCfr&tia 
unmonia, and 1$ pt. gum-arabic. A cheaper but less brightly coloured ink is *&ade 



of pulverised cochineal and 4 pts. of carbonate of mbbmmus fw 
pta. hot water, then digesting and pouring off the dtoJf ^ 

of tartar and stannic chloride renders the ink more aqpKsfet j 
weight of alum give it % crimson tint " m "X ^ 



oifefin 60 pts. water, the decoction boiled down to 
. 06 ' ptf Mtered,^d ttii^ with £ pt. of tii^salt and J pt. gum-arabic ; or 8 pu. 
Brazil-wood; boiled With 2 pts. alum and 2 pte/cream of tartar in 120 pts. water; the 
liquid ccmcontrated to 6 pts. by weight, and mixed with 2 pts* gum-arabic and 2pta. 

u & lb It The best is made by dissolving 80 pts. pure Prussian blue (Paris 
blue, ii. 227) in a solution of 4 pts. oxalic acid in 1,000 pts. water. A blue ink may also 
be prepared by dissolving 4 pts. of indigo-carmine in 64 pts. water, add mixing it 
with 1 pt. gum arabic ; but it cannot be used with sfeel pens. 

Yellow and green in ks are sometimes, though very rarely, used. The former may 
be made with decoction of saffron or yellow berries ; the latter of solution of verdigris 
>jnixed'With turmeric or gamboge ; or better of indigo-carmine mixed with picric acid. 

may also be prepared from the green modification of chrome-alum, namely, by dis- 
v giving 8 pts. acid chromate of potassium in 8 pts. water, adding 1 pt. alcohol, then 
% Sulphuric acid by drops, and heating till the liquid assumes a brownish green colour; 

then diluting with 16 pts. water, adding a few more drops of sulphuric acid, leaving 
%the liquid to stand, and adding a small quantity of gum-arabic. 

'* Sympathetic inks. — This name is applied to inks which make characters invisible 
tilPbrought out by heat or the application of some reagent. If a weak infusion 
of ga$s be used, the writing will be invisible till the paper is moistened with a weak 
solution of sulphate of iron. Dilute solutions of gold and silver remain colourless 
upon the paper till exposed to the sun’s light, which gives a dark colour to the oxides, 
and renders them visible. Most acids , or saline solutions , diluted, and used to write 
with, become visible by heating before the fire, which concentrates them, and assists 
their action on the paper. Dilute prussiatc of potash affords blue letters when 
wetted with solution of sulphate of iron. The solution of cohalt in aqua-regia, 
.when diluted, affords an ink which becomes green when held to the fire, hut 
disappears again when suffered to cool. This ink has been used infunciful drawings of 
trees, the green leaves of which appear when warm, and vanish again on cooling. If 
the heat be continued too long after the letters appear, it renders them permanent. 
If hxide of cobalt be dissolved in acetic acid, and a little nitre added, the solution will 
exhibit a pale rose colour when heated, which disappears on cooling. A solution 
6t equal 'parts of sulphate of copper and sal-ammoniac gives a yellow colour when 
heated, that disappears when cold. 

Sympathetic inks have been proposed as the instruments of secret correspondence, 
but they are of little use in this respect, because their properties change by remaining on 
the paper for a few days; most of them have more or less of a tinge when thoroughly 
dry, and none of them resist the test of heating the paper till it begins to be 
scorched. 

Marking inks. — Inks for marking linen must be able to withstand the action of 
water, soap, alkaline leys and acid liquids. The best are those which contain silver. 
They consist of a solution of nitrate of silver, usually coloured with sap-green, or other 
colouring matter, sometimes with lamp-black, and thickened with gum. It is best to 
prepare the part of the linen to be marked with a solution of carbonate of soda and 
gum, then smooth it with a hot iron, and after writing upon it, expose it to sun- 
shine. The writing may be effaced by a solution of cyanide of potassium, with or 
without iodine. 

Roder (Polyt. Notizblatt, 1856, p. 112) prepares a marking ink by dissolving 6 pts. 
molybdic oxide in hydrochloric acid, adding 240 pts. water, 6 pts, gum-arabic, and 
2 pts. liquorice-juice. The writing is to be dried and then mqistened with solution of 
stannous chloride. Inks containing gold or platinum hate also been recommended 
for this purpose, but they are too costly for general use. 

An ink for writing on j chic plantdabeU may be madcWy dissolving equal parts 
acetate of copper and sal-ammoniac in distilled water. \Vjf£h characters are written 
with this solution on a zinc plate, the copper is precipitated, forming deep black, very 
durable marks. 

Ink for marking copper and silver vessels may be made by boiling sulpra dtf of 
antimony in strong potash-ley, leaving the liquid to cool, and flltering^rrotn 
separated kerracs. As this liquid does not act upon iron, steel pens may be used for- 
writing with it on the metal. The characters on copper and silver are black and very 
durable ; on tin, lead, and zinc, less durable. 

Printing ink. — AH inks or paints used for letter-press, copper-plate, lithographic 
printing, &c. consist essentially of well-boiled drying oils (varnishes) mixed with lamp- 
black, or other pigment, according to the colour intended to be produced. Soap and 
resinous matters are sometimes added to give the boiled oil the requir^d^xjmristence. 

T^e oil most frequently used for the preparation of the varnish islmseed oil ; nut- 
oil is also used in localities where it can be had cheap; but it loses more weight i® 



toiling than linsead oil, and doas not easily t 

should be old and well cleared, by deposition, from particles q f^SST. 

Ten or twelve gallons of the oil are set over the fire in an iron pot, capable^ holdiiur 
st least half as much more; for the oil swells up greatly, and its boiling over into the 
ire would be very dangerous* When it boils, it is continually stirred with ** *** irtm ladle ; 
und if it do not itself take fire, it is kindled with a piece of flaming paper or Wood : for 
iimple boiling, without the actual inflammation of the oil, does not communicate a suffi- 
cient degree of the drying quality required. The oil is suffered to burn for half au hour 
or more, and the flame being then extinguished by covering the vessel close, the tailing 
is afterwards continued with a gentle heat, till the oil appears of a proper consistence; 
in this state it is called v a r n i s h* It is necessary to have two kinds of this varnish, a 
thicker and a thinner, from the greater or less boiling, to be occasionally mixed together 
as different purposes may require, that which answers well in hot weather being too 
thick in oold, and large characters not requiring so stiff an ink as small onea. 

The thickest varnish, when cold, may ta drawn into threads like weak glue, by which 
criterion the workmen judge of the due tailing, small quantities being from time to 
time taken out and dropped upon a tile for this purpose. It is very viscid and tenacious, 
like the soft resinous juices, or thick turpentine. Neither water nor alcohol dissolves itp 
but it mingles readily enough with fresh oil, and unites with mucilages into a jpuui 
diffusible in water in an emulsive form. The oil loses from one-tenth to one- eighth of 
its weight by tailing into the thick varnish. 

For letter-press print ing ink, the addition of soap to the varnish is indispensable, to 
enable the ink to be taken up clearly from the types by the moistened paper, without 
smearing. The soap used for the purpose is yellow resin-soap ; it is cut into thin 
slices, well dried, rubbed to coarse powder, and incorporated by small portions at a 
time with the varnish, which is then once more placed over the fire, to expel any 
remaining moisture. 

The colouring matter of black printing ink is tho best lamp-black, previously cal- 
cined to free it from empyreunmtic oils and resins. Its somewhat brownish colour is 
corrected by the addition of a little Prussian blue or indigo. 

The ink used by copper-plate printers differs in the oil, which is not so much tailed 
as to acquire the adhesive quality. This would render it less disj>osed to enter til 6 
cavities of the engraving, and more difficult either to W spread or wiped off (I7re).t* 
Tlie black is likewise of a different kind. Instead of lamp-black, or sublimed charcoal, 
the Frankfort black is used, which is a residual or denser ehareual, said to bo mud* 
from vine-twigs. Lamp-black is said to give u degree of toughness to the ink, which 
tho Frankfort does not ; but the goodness of tin* colour seems to be the loading induce- 
ment for the use of the latter. 

For red, blue, und yellow printing inks, tho ordinary linseed oil varnish is not very 
well adapted, as its brown colour impairs the brightness of the tint. A good varnish 
Lr the purpose may be made by mixing copaiba balsam (previously subjected to rapid 
boiling w dh "water for several hours in an open dish, to render it more tenacious, 
and diminish the unpleasant odour) with to ^ of its weight of pulverised while 
curd soap, then warm the mixture a little, and incorporate it with the pigment 
previously rubbed to fine powder with spirit of wine, and dried. For the lighter 
colours, it is best to mix very dcep-eolouml pigments with a considerable quantity of 
carbonate of magnesia. In that case, light- coloured linseed -oil varnish mixed with 
white soap may be used. A fine red is formed of Vermillion mixed with « carmine, 
and ^ magnesia, Blue is given by ultramarine (the darkest varieties used in calico- 
printing) with magnesia ; yellow by chromate of lead. Prussian blue mixed with 
chrome-yellow and a large quantity of magnesia, or ultramarine with chromate of zinc, 
yields a fine green. Browns are obtained with bislre and sepia. 

Lithographic printing ink is made in the same way as common printing ink, but 
with a larger proportion of lamp-black, and without addition of noap. (See Litho- 

For further details on printing inks, see Hun d wbrtcrb uck der Chemis, vii. 388, and 
Ure * Dictionary of Arts, &c. iil 530. 

*:■ 

• Tfce description of the proem riven in the text it taken from Ure'* Dictionary <jf Chemistry (3rd 
- -i* 3 ')* Mr. Savage alto, in his work on the Preparation of Printing Ink {t*>n6oto, 1*3?) says that 
Xis>d varnlth for printing ink cannot he made without allowing the oil to horn. The tierman pc»cttc« 
howerer. to be somewhat different ; for in the Handtrortrrbuck c trr Ckcmir (DU. vU. f*. wl) Iti* 
fl>*t the oil should be heated only till the Tapour which tisc* from Itcan be set on Are with a piece 

burning paper, but will cease to burn of Itself after a little while, or at least will be easily extinguished 
00 **%WV»r ; further, that if Ibis temperature be exceeded, there Is great dan«^ of the «■ 

***t»ng Into a state of Violent eombustloo, which cannot be extinguished ereu by covering the vessel, and 
7 enormous loss of oil. , , . 

prn./b* 1 * BmMhUrUKkder Ckemit (vll. K4) it I* *tated. ont he contrary. **■« !** J" 1 
Printing it nrepij^d the thickest lmrccd-oil varnish, which has been allowed to but## 

VuL. IIL X 
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XffOOABrar* A red colouring matter contained in tho juice of Inocarpua edul ia t 
a tree growing in Tahiti. The juice which exudes from incisions in the bark of young 
trees, or the pericarp of green fruits, is colourless, bat soon turns red on exposure to 
the air (the juice of old trees is red as soon as it runs out), and dries up to a red 
gummy mass, soluble in water and in alcohol, insoluble in ether. The aqueous 
solution mixed with caustic alkalis exhibits a peculiar play of colours when shaken 
up with air. The reddened juice contains also a yellow colouring matter called 
xanthocarpin. (Cuzent, J. Pharm. xxxv. 241.) 

nroszc ACID. C*H 8 N-0* (?) (Liebig, Ann. Ch. Pharm. [3] xxxiii. 129.)^ 
An acid found in the mother-liquor of the preparation of creatine from flesh-juice. 
When this mother-liquor is concentrated, then mixed with alcohol till it acquires a 
milky consistence, and left to itself for a few days, it deposits a crystalline mixture 
consisting of creatine, inosate of potassium, inosate of barium, and various substances 
of unknown composition. The crystals are redissolved in hot water, and chloride of 
barium is passed into the solution, which then, on cooling, deposits crystals of inosate 
of barium ; and this salt, decomposed by sulphuric acid, yields inosic acid. 

Inosic acid is unerystallisable, easily soluble in water, and has a very agreeable 
flavour of broth. Alcohol precipitates it from its aqueous solution. It is insoluble 
in ether. It does not precipitate barium- or calcium-salts, l ilt with copper-salts it 
forms a bluish-green precipitate, insoluble in boiling water. With lead-salts it forms 
a white precipitate ; and with silver-salts, a white gelatinous precipitate, having tho 
aspect of alumina, soluble in nitric acid and in ammonia. 

Inosic acid, heated with peroxide of lead and a small quant ity of sulphuric acid, is 
decomposed, and the filtered liquid contains needle-shaped crystals. The inosubs, 
heated on platinum-foil, decompose, giving off an odour of roast meat. 

Inosate of potassium forms elongated quadrilateral prisms, very soluble in water, 
insoluble in alcohol. It gives off 22*02 per cent, of water at 100°, and the dried salt 
contains 20*7 per cent, potash. The sodium-salt crystallises in small silky needles, 
very soluble in water; insoluble in alcohol. The barium-salt forms elongated quadri- 
lateral scales, having a nacreous lustre. 3,000 pts. of water at 10° dissolve 2*5 pts. 
of this salt; it is insoluble in alcohol. A solution, saturated at 70°, deposits part of 
the salt when raised to the boiling heat. Tho crystals, dried at 100°, contain 24 5 to 
24*8 percent. C, 2*6 H, 11*4 N, 31 1 to 33*8 O, and 30*4 Ba-O; whence Liebig deduces 
the formula C ft II B Ba*N v 0 8 .|H*0 . Gorhnrdt considers the composition to be more 
correctly represented by the formula C*II 7 BaN ; 0 B .3H 2 0. The crystals effloresce iu 
the air, giving off 19*07 per cent, water, 

Inosate of copjter is nearly insoluble in water and in acetic acid; very soluble in 
ammonia. Inosate of silver is sparingly soluble in pure water, and does not blacken 
by exposure to light. 

XJrOSXTS. C*II'*0*. Inosin. . Vhaseomannitc . (Scherer [1850], Ann. Ch. Pharm. 
lxiii. 322; lxxxi. 375. — Vohl, ibid. xeix. 125; ci. 50. — Cloetta, ibid . xeix. 289.— 
W. Marm4 ibid, cxxix. 222.) — A saccharine substance isomeric with glucose, dis- 
covered by Scherer in tho muscular substance of tho heart (hence its name, from t?, lv6 s, 
muscle), and since found to exist in the lungs, kidneys, liver and spleen of oxen 
(Cloetta), also in the brain (W. Muller); in the human kidneys and in the urine, 
in a ease of Bright’s disease: at most to the amount of 0*1 per cent. It occurs also 
in several plants, having beon obtained from green kidney beans, the unripe fruit of 
rhaseolus vulgaris (Vohl); from tho green pods and unripe seeds of the garden pea 
( Piston sativlini) ; the unripe fruit of the lentil (Ervum lens), and of the common acacia 
( Rob ini a psnidacacia) ; from the heads of the common cabbage ( Brassica oleracea , var. 
ca/ritata); from the herb of foxglove and from extract of digitalis ; from the leaves and 
stems of dandelion ( Taraxacum dens bonis), not from the flowers or roots; from the shoots 
of the potato ; from the green herb and unripe berries of asa^gus ; and from two cryp- 
toganious plants, viz. Lactarius piperatus, L., and Clavaria*Procea y Pers. (Marmi.) 

Preparation. — From organs of the animal body. 1. The muscle of the heart, or 
other organs containing inosite, is exhausted with water, as for the preparation of 
creatine; the phosphates are precipitated from the liquid by baryta-water ; the filtrate 
is evaporated ; ami the creatine allowed to crystal ise out The mother-liquor is treated 
with dilute sulphuric acid to remove the dissolved baryta, and, after removal of the 
sulphate of barium, heated as long as volatile acids escape. It is then, in order to 
remove the last traces of volatile acids and of lactic acid, repeatedly shaken up with 
ether as long as anything is dissolved. The liquid, separated from the ether, is mixed 
with alcohol till a turbidity begins to appear; then, after standing for some time, it ia 
poured off from the precipitated sulphate of potassium, and mixed with more alcohol, 
whereby crystals of inosite mixed with sulphate of potassium are obtained. The 
crystals of the former are picked out and dissolved in a small quantity of warm water, 
which leaves tho more difficultly soluble sulphate of potassium, and are pnrifled by 
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talUsation (Scherer). — 2. The fresh-chopped tissue is covered with water, and 
Uowed to stand for 24 hours in a cool place, with frequent stirring; the liquid is 
H en separated, and the residue pressed; the solution is heated with a little acetic acid 
t separate albumin and haematin, then strained, evaporated on the water-bath to one 
touth, precipitated with neutral acetate of lead, and filtered ; and the filtrate is mixed wit h 
sic acetate of lead, whereupon inosite is thrown down in combination with oxide of 
lead accompanied by uric acid, cystine, and other substances. The precipitate, after 
w ishing, is decomposed under water by sulphydric acid, and the liquid filtered from 
the sulphide of lead ; it then sometimes deposits crystals of uric acid, and when 
evaporated to a small bulk on the water-bath, and mixed with alcohol till a turbidity 
is produced, it yields crystals of inosite (Cloet t a). Acetate of lead may also bo added 
at once to the water used for making the extract (W. Mil Her). — 3. The liquid from 
which the inosite is to be separated is concentrated by evaporation, and mixed, boiling, 
with three or four measures of alcohol ; if a large precipitate, which sticks to the bottom, 
is thus produced, the liquid is poured off hot ; but if only a slight., not sticky precipi- 
tate is produced, the hot solution is filtered through a previously heated funnel, and 
left to stand for 24 hours ; crystals of inosite are then deposited, and are washed with 
a small quantity of cold alcohol. If the precipitate caused by hot alcohol is dissolved 
in a small quantity of boiling water, and treated like the first solution, a further 
miniit it y of inosite is obtained. In case no inosite separates from the cooled solution, 
the crystallisation may be facilitated by addition of ether until a turbidity remains 
aO. r shaking. (Cooper Lane, Ann. Ch. IMiarni. oxvii. 11H.) 

From kidney beans and other vegetable organs . — The fruit cut up in the bean-mill is 
l ung in a pressing bag for half an hour in boiling water, or in steam, whereby it 
b.votnos possible to press it; the expressed liquid is then eva|*orated to a syrup en a 
water-bath, and alcohol is added till a permanent, turbidity i* produced. The crystals 
which form are purified by repeated crystallisation from water, with help of animal 


charcoal. (Vo 111. ) , 

MarnnV, after freeing the aqueous extracts of the plants al*>ve mentioned from every- 
thing preeipital.de by tannic acid and nenl rnl acetate of lead, and decolorising them aa 
'•oinplvtely as possible with milk of lime or animal chaivoul, precipitated them with 
basic acetate of lead ; mixed the filtrate with ammonia, whereby a second precipitate 
was obtained ; decomposed both precipitates with sulphydric acid; concentrated the 
filtrate on the water- bath till it became turbid on addition of alcohol; then mixed it 
with a double volume of alcohol ; warmed the liquid till it became clear ; and left, it to 
itself for several days, adding a little ether if necessary, as in (’neper l-uie s met hhI. 
1 lie sulphide of lead sometimes obstinately retains small quantities of inosite, which 
e.t n only bo removed by boiling with water. 

V rope riles . — Inosite is deposited from its concentrated aqueous solution in crystals 
'■"iitaining 2 at. water, CH '*0«2H 2 0. According to Void, tho crystals are tabular, 
those of gypsum ; according to Sclicrer, they art? oblique prisms, arranged for tho 
most part in groups like cauliflower-heads; according to Cloefta, they are right rhombic 
prisms with angles of 138‘62° and 418°. Specific gravity = 11164 at 6 (Volilj. 
l:s dry air, in vacuo over sulphuric acid, or at 100°, they become white and opaque, and 
give off their water, leaving anhydrous inosite, C*H*-O a , as a white effloresced mow*, 
which melts at a temperature above 2l<»°, yielding a colourless liquid, which solidifies 
iu the crystalline state when quickly cooled, and to an amorphous mass when cooled 
slowly, but docs not lose weight or undergo further alteration (Scherer). Anhydrous 
inosite separates in white, opeque crystals from the aqueous solution cooled below 
( \ ohl). Inosite has a pure sweet taste and no rotatory power. 0 

Hydrated inosito dissolves in 6 pts. water at 19 w (Vo hi), m Oj pts at 24 
(Cloetta). The concentrated solution, of specific gravity 10548 at 19 is not, syrupy 
and not subject to spontaneous decomposition. Inosite is slightly soluble in cold 
aqueous alcohol t more soluble at the boiling heat ; insoluble in absolute alcohol ana in 
ttkfr. 

Inosite does not combine with chloride of sodium or chloride of potassium, them 
* dts crystallising out unaltered from its aqueous solution. The form "» 

u ilh basic acetate nf Irnrf. m rovudnitate which appears to contain C II \) -21 > * 


•V 1 *' oyuxaiusmg out unaiterea irom u« 7 - - 

'“ ith ftasic acetate of lead , a precipitate which appears to contain C II U .21 t - 

Decompositions. — 1. After dehydrated inosite has been melted above 210 , it swejJa 
! 5 P ^hen more strongly heated , and evolves gas which burns with a pale blue flame; it 
l * afterwards charred, and then burns with a brightly luminous flame, leaving an «*as* J 

. M . * . - ' . • 11.1 i. J ^ vunriftMi urhlfth ftHITH 


OZone (uornp-ueflanez, Ann. un. rm»nu. ^ - 

dilute nitric acid does not give off nitrous acid till moderately concentrated , r e ft- 
I •'’ration to dryness, it contains oxalic acid. The aqueous solution of the residue freed 
h-om oxalic acid bv carbonate of calcium, deposits on standing magnificent purple-red 

t 2 
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flocks, soluble in dilute acids and precipitable without alteration by ammonia (Vohli 
When aqueous inosite is evaporated nearly to dryness with nitric acid, and the residue in 
moistened with ammonia and a small quantity of solution of chloride of calcium, and again 
evaporated, a rose-red substance remains. Thisreaction affords a delicate and characteristic 
test of the presence of inosite (Scherer, Vo hi). Inosite dissolves without evolution 
of gas, in cold or boiling nitric acid of specific gravity 1*52, forming a solution whence 
oil of vitriol precipitates nitro-inosite(Voh 1). — 4. I nosite dissolves without color- 
ation in sulphuric acid, either cold or at 100 D ; is not blackened till more strongly heated, 
and then evolves sulphurous anhydride (Vo hi). It is not altered by boiling with 
dilute acids (Scherer, Vo hi). — 5. It may be boiled with concentrated potask-ky, or with 
baryta-water, without alteration or coloration (Scherer, Vohl). — 6. The aqueous solution 
mixed with cupric sulphate, y ields, on addition of potash-ley, a bluish green precipitate 
which quickly disappears on addition of excess of potash. No cuprous oxide separates from 
the solution in boiling, but a light blue precipitate falls when the liquid is left to stand 
for several days (Scherer). Aqueous inosite yields, when heated with potassio-cupric 
tartrate, a green solution, whence a bulky green precipitate separates, the supernatant 
liquid again becoming blue. After removing the precipitate, the filtrate shows the 
same change of colour when heated (Cloetta). According to Vohl, the change of 
colour which occurs on heating the deep azure-blue mixture of inosite and potassio- 
cupric tartrate, is not very striking, and is due, as well as the production of the preci- 
pitate, to the presence of traces of foreign substances. — 7. Inosite is not capable of 
undergoing vinous fermentation (Scherer). In contact with cheese , flesh , or decaying 
membrane , and chalk, it undergoes lactous fermentation, carbonic, lactic, and butyric 
acids being formed. (Scherer, Vohl.) 

ITUro-lnoatte. C“H‘N'O l8 = C^H^NO^O*. Inosine fuxnitrique. (Vohl, loc. 
cit.) — This compound is obtained by dissolving anhydrous inosite in nitric acid of 
specific gravity 152, and precipitating the solution with sulphuric acid. The product, 
which, according to the temperature attained by the mixture, separates either as a 
powder or as oil-drops which solidify to crystalline masses, is well washed with 
water and recrystallised from boiling alcohol. It forms rhombohedrons, often some 
lines in length ; melts to an oil when heated, and solidifies to an amorphous muss 
which becomes crystalline after a few days. It is permanent in air, either dry or 
moist ; insoluble in water, easily soluble in alcohol . 

Nitro-inosito deflagrates without residue when quickly heated, and detonates under 
the hammer. It is decomposed when warmed with concentrated acids. It dissolves, 
with dark brown colour and evolution of ammonia, in cold or warm potash-icy. The 
alka ine solution precipitates cuprous oxide from potassio-cupric tartrate , and a mirror 
of metallic silver from ammonio-nitratc of silver. Nitro-inosite treated with ft&ric acid, 
ammonia and chloride of calcium , shows the coloration of inosite. 
nrso&lirxc ACXI>. See Terefhthalic acid. 

ZirTBflTnrAL CONOElTXOir8. These concretions are of rare occurrence 
in man and in carnivorous animals, but occur more frequently in herbivorous animals, 
•specially in horses. They exhibit great diversity in their properties and composition, 
as well as in their origin. Many owe their origin to an albuminous exudate or blood- 
eoagulum, which is retained in the intestine, and gradually solidified by resorption of 
the soluble portion. These stones consist mainly of coagulated fibrin mixed with 
calcium-salts and remains of food, and sometimes containing a foreign body as 
nucleus. In a concretion of this kind from the intestine of a child, l)ayy found 
74 per cent, fibrin, 19 per cent of other organic matters, and 7 per cent inorganic 
salts. # 

A second kind of intestinal concretion consists chiefly earthy salts, calcic phos- 
phate and carbonate, ammofiio-magnesic carbonate, anlLm agues ie carbonate mixed 
or unmixed with remains of food; such stones often contour a foreign nucleus. They 
are most frequent in vegetable feeders, especially in horses, and often attain a weight 
of several pounds. A concretion from the ccecum of a cart-horse, analysed by 
F. Simon, was spherical, perfectly smooth, greyish -yellow, weighed 12$ os., and con- 
sisted of three layers, deposited round a fragment of granite. All three layers con- 
sisted of ammonio-magnesian phosphate, with a small quantity of alkaline phosphates* 
but no phosphate of calcium. The middle layer exhibited a radiating structure from 
the centre outwards, with woody fibres interposed in like manner amongst the stony 
mass. In 100 pts., Simon found 81*11 ammonio-magnesian phosphate, and 1*5 p® 1 
cent, alkaline phosphates. . 

Children examined stones from the colon of a man, which weighed from 500 to 
1,000 grras M and consisted of plum-stones, surrounded by a smooth compact mass made 
up of alternate layers of earthy phosphates and ligneous matter. ^ , 

The formation of these stoues is due to the precipitation of earthy salts originally 
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dissolved in the fcod, and their subsequent agglomeration by intestinal mueoa. nr 
round a foreign body. 

A third kind of intestinal concretion consists chiefly of undigested residoes of food* 
such stones have usually a woody consistence, and are formed round a foreign bodv 
Lftugier examined a concretion of this kind from the rectum of a man • it con- 
sisted of a nucleus of bone, surrounded by interlaced vegetable fibres, from which 
water extracted 14 per cent, of animal matter having a fiecal odour, together with 
small quantities of sal ammoniac and chloride of calcium. 

Another class of intestinal concretions consists of fatty matters mixed with small 
quantities of fibrin and calcium -salts. Lassaigne analysed a number of small 
concretions of this kind voided by a girl suffering from tuberculosis. They contained 
74 per cent, fatty matters (for the most part free fatty acids, perhaps oleic and 
stearic), 21 animal matter, 4 phosphate of calcium, and 1 chloride of sodium. 

Bezoar-stones (i. 584) must also be classed amongst intestinal concretions. (Hand- 
worterbuch d. Chem. 2te Aufl. ii. [3] 374.) 


XKTSSTZSrAZi Tines. The mucous secretion of the pouch-like glands of the 
intestinal canal (the Lieberkuhnian glands of the small intestine and the follicles of 
the colon). When viewed by the microscope, it exhibits granulated cells and cell- 
nuclei, and, as commonly obtained, likewise small quantities of fat and epithelium. 
When filtered from these matters, it forms a tolerably clear, mucous, strongly alkaline 
liquid, which does not coagulate by heat, and is not precipitated by acetic acid, nor, 
when mixed with that acid, by chloride of barium. When mixed, however, with eight 
or ten times its volume of alcohol, it deposits white flocks, which dissolve easily and 
completely in water; the solution thus obtained is not precipitated by hydrochloric, 
sulnhuric, or acetic acid, or by mercuric chloride, but gives precipitates with the neutral 
ami basic acetates of load. 

The constituents of pure intestinal juice are the same as those of mucus. In 1,000 
pts. of the filtered intestinal juice of a dog, Schmidt and Zander found 965*3 water, 
34*7 solid matter, 9 6 punceratic and intestinal ferments, together with insoluble salts, 
16 6 biliary matters (cholic, tauroeholic, and glycocholato of sodium), 6 3 taurine, 
0 7 fat, 37 extractive matter, 015 potassium, 1*45 sodium, 2*11 chlorine, 0 03 phos- 
phoric anhydride, 0*06 earthy phosphates. In the intestinal juice from the upper part 
of the colon of a man, Busch found from 3*8 to 7'4 per cent. ; Frerichs, from 2*2 to 6*6 
per cent, solid matter. 

The intestinal juice converts starch very quickly into sugar, and digests albuminous 
substances, flesh, &c., though much more slowly than the gastric juice. (Handwbr- 
t< rbuch d. Chcm. 2te Aufl. ii. [3] 373.) 

ZVUinr. C s II ,0 O 3 . Helenin , A lan tin, Menyanthin , Dahlin , Synanthcrin , 

SiHistnn . — A substance isomeric with, and similar in its properties to, starch, dis- 
covered by Valentin Rose in 1804. It appears to be a very widely distributed const i- 
plants, and is found especially in the roots of elecampane ( Inula Ilelminm), 
dandelion ( 'Varaxacum dens lean is), chicory ( Cichorium Inti/bus), feverfew ( Pyrttkrum 
} anc * meadow saffron ( Colchicum autumnaU) ; in the tubers of the potato, 

the dahlia, and the Jerusalem artichoke (Hdianthus tuberosus ), in Lerp-munna 
(from Eucalyptus dumosa), and probably in the seeds of the snn-flower {Hvlianthus 
an nu us), and in certain lichens, viz. Lichen fraxineus and Lichen fastiyiatus. 

* rr P ar ation. — a. From JVlccampanc-roots . — The roots nro boiled with a large quan- 
tity of water, the decoction is evaporated, the extract exhausted with cold wafer, and 
u * niulin which remains undissolved is washed (Gaultier, Stratingh). — Or the 
roots are exhausted with hot water in a percolating apparatus ; the concentrated effu- 
*. |,,n v, 9 eva P? r ?* <, d 10° or 12° Bm. and mixed with 2 pts. alcohol ; and the inulin 
lereby precipitated is purified by reprecipitation with alcohol from its concentrated 
Ration, and decolorised with animal charcoal (Thibault). — The helenin mixed with 
inuim prepared from elecampane -roots is extracted by boiling with alcohol. 

(broockwit.) 

tl ^ *\A° m P° iato *’ s or Dahlia-tubers. — 1. The pulverulent deposit which separates in 
jc cold from the expressed juice of potatoes is dissolved in not water, and the solu- 
evaporated, and left to cool, whereupon it deposits inulin (Brecon not). 

• The nearly transparent juice expressed from dahlia-tubers is left to stand for 
me hours, whereupon it solidifies, from separation of inulin, to a stiff paste, which 
lo l* washed and dried (Ludwig, N. Br. Arch. 82, 163).— 3. Dahlia-tubers nibbed 
P *** washed on a hair-sieve in a thin stream of water, as long as the H qfi id 
nr ii run through milky, and the inulin which separates from it on rt —d in |h 

r h . ^ * OT m ease it is slow in sealing down, the turbid liquid is heated till It hou% 

« coagulated vegetable albumin is skimmed off r and the remaining liquid h left lit 
*** ; 11 then, after a few days, deposits a thick polp easy to wash (Liebig, Ah. 



INULIN. 


WS 

Pharm. 2, 285). — 4. Dahlia-tubers rubbed to a pulp are washed with cold Water on a 
linen or woollen cloth ; the residue is boiled for half-an-hour with 2 pts. water and * 
small quantity of chalk ; the liquid is expressed ; the extract, after being decolorised 
with animal charcoal and clarified with albumin, is evaporated till a film forms on it • 
and the inulin which separates on cooling is washed with cold water, and purified by 
solution in hot water and cooling. (Payen.) 

Parnell uses peeled and washed dahlia- tubers, boils them for an hour and a half 
with 6 pts. of water, and purifies the inulin which separates from the evaporated 
extract by precipitating its aqueous solution with alcohol. Croockwit purifies the 
inulin thus obtained by boiling it with alcohol. 

e. From Dandelion-roots. Obtained in the same way as from dahlia-tubers. (Witt- 
stein, Repert. 71, 362; Herberger, Rcpert. 52, 399). 

d. From Chicory -roots. The aqueous decoction is precipitated by neutral acetate 
of lead; the filtrate freed from lead is evaporated till a film forms on the surface; 
and the inulin which separates from it is purified by precipitating its aqueous solution 
with alcohol. (Woskresensky.) 

e. From Lerp-manna. The substance is exhausted with boiling alcohol ; the residue, 
consisting of starch, cellulose and inulin, is well boiled with water, and the inulin! 
which separates from the filtered extract on cooling, is collected and washed till the 
wash- water no longer exhibits the reactions of starch. (Anderson.) 

Properties . — Inulin is a soft, white, tasteless, inodorous powder, resembling starch, 
When dried on glass or porcelain, it forms a translucent, brittle, dazzling white mass, 
which swells up in water. Specific gravity «= 1 356 (Payen), 1*462 (Dubrun- 
faut). It is very hygroscopic, and sticks to the teeth and to moist paper. It exhibits 
laevo-rotatorv power = 34° 42'. (Dubrunfaut, Compt. rend. xlii. 803.) 

Most of the analyses which have been made of inulin agree nearly with the for- 
mula C’H'H) 4 . Woskresensky, however (J. pr. Chem. xxxvii. 309) obtained 
quantities of carbon and hydrogen much too large for this formula : ho accordingly 
represents inulin by the formula (or C 2l H* H 0 14 ), and supposes that the inuiiu 

analysed by other chemists must have undergone partial oxidation ; but the near 
accordance of most of these analyses renders this view improbable. 




Payen, 

Mulder. 

Parnell 


Calculation. 

at I MP. 

at 170°. 

at 120°. 

at 120°. 

air-dried. 


— — — ^ 

a. 

b. 

c. 

tt. 

e. 

6 C 

. 72 44*44 

44*55 

44*19 

44*13 

43*8 

43*37 

10 H 

. 10 6*17 

6*12 

6*17 

6*19 

6*2 

6*40 

6 O 

. 80 49*39 

49*33 

49*64 

49*68 

50*0 

50*23 

C-H‘°O a 

162 100*00 

100*00 

100*00 

100*00 

100*0 

100*00 


Croockwit, 

WrmkrcscnRkv, 

Anderson, 

Dubninfaut, 


at 120° — 160°. 

at 1(X)°- 

-12.0. 

at IftO 0 . 

at HXP. 


/• 

K- 

h. 

i. 

k. 

/. 

C 

. 43*37 

43*48 

52*18 

49*59 

44*03 

44*32 

H 

6*23 

6*25 

6*86 

6*86 

6*30 

6*19 

O 

. 50*49 

50*27 

40*96 

43*55 

49*67 

49*49 


100*00 100*00 

100*00 

100*00 

100.00 

loodo 


a, b y from Iceland moss ; c, from dan delion -root ; d, from elecampane-root ; e, /, ft, 
from dahlia- tu bers ; h, from chicory -roots ; *, from dandelion-roots (partially oxidised); 
k, from lerp-manna. 

Inulin, immersed in cold water, or exposed to moist air, absorbs water, and crumble* 
to a dull-looking powder, consisting of hydrated inulin, Q^H'^O^.SIPO. 

Inulin dissolves very sparingly in cold water, freely ,in boiling water, but the 
solution does not form a jelly like that of starch ; it is idfcduble in alcohol , which also 
precipitates it from its aqueous solution. It dissolves wilqP%rown colour in strong sul- 
phuric acidy and is precipitated therefrom by ammonia, bufcnot by water or alcohol. It 
is insoluble in hydrochloric acid , and in cold glacial act tic acid, but dissolves in the 
latter when warmed.* The aqueous solution is not precipitated by chlorine-water, but 
forms a white precipitate with infusion of galls. 

Inulin absorbs 8 per cent ammonia, and dissolves in cold aqueous potash, forming *» 
solution which leaves on evaporation a nearly colourless gum, and when mixed with 
acids, deposits, after a while, unaltered inulin. 

Inulin dissolves in aqueous cuprammonia (an ammoniacal solution of cupric oxide), 
Without previous tumefaction (Cramer, J. pr. Chem. lxxiii. 16), the solution yielding 
hfter a few hours, a copious blue amorphous precipitate, insoluble in water and in am- 
monia, soluble in tartaric and nitric acids (Schlossberger, J. pr. Chem. lxxiii. 373). 
It dissolves gradualism aqueous nickel-ammonia. (Schlossberger.) 

. The aqueous solution of inulin forms a white precipitate with baryta-water ; and with 
chloride of barium mixed with potash. 
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It doe* not precipitate aqueous acetate of lead, either neutral or basie, but with a 
eolation of the .neutral acetate confining ammonia, it forms a white precipitate con- 
taining quantities of lead-oxide varying in amount from 51*23 to 62*43 per cent. It is 
not precipitated b y ferrous, feme, or cupric sulphate, mercuric nitrate, nitrate of silver 
or chloride of gold. v ’ 

j)ecompo*itu>n8.~\. Inulin heated above 100° melts, with colouring and loss of 
weight, and is converted into a pitchy, sweetish substance, very soluble in water 
(Braconnot), insoluble in water and in alcohol (Pa yen). By dry distillation it 
yields acetic acid, having a brown colour, but free from oily matter. When thrown on 
glowing coals, it emits the odour of burnt sugar. — 2. Heated with water to 100°, it is 
slowly but completely converted into non-cryatallisable, loovo-rotatory, fermentable 
sugar. — 3. By boiling with nitric acid , inulin is converted into malic, oxalic, and 
acetic acids, but not into mucic acid. Its solution in fuming nitric acid is not pre- 
cipitated by water. — 4. When heated with strong sulphuric acid , it turns yellow, then 
brown, and is ultimately carbonised.— 5. By dilute acids, either hot or cold, inulin is 
converted into sugar, without evolution or absorption of gas. — 6. Aqueous arsenic acid 
dissolves inulin, with aid of heat ; after continued action, the cooled solution no longer 
deposits inulin, but leaves, on evaporation, a rose-coloured mass, which afterwards be- 
comes darker, and finally black, grape-sugar being first formed, afterwards formic and 
ulmic acids. — 7- Oxide of lead converts inulin wholly or partially into glucic acid, 
which, if afterwards exposed to the air, is changed into apoglucic acid. A warm 
aqueous solution of inulin reduces other salts of lead, also those of copper and silver. 
When an ammoniacal solution of acetate of lead is precipitated by aqueous inulin, the 
filtrate separated from the white precipitate deposits spangles of lead after a few hours, 
and contains formic acid. — 8. Inulin is not fermentable. Neither its rotatory power 
nor any of its other properties is altered by diastase. — 9. It. is digested in the 
stomach, and does not pass, as inulin, either into the urine or into the faeces. 

Inulin is distinguished from starch by its reaction with iodine , which imparts to it 
only a fugitive brown colour ; by its solubility in aqueous cupraminonia, by its power 
of reducing certain metals from their solutions; and by its inalterability under the 
influence of ferments. 

ZODA.CSTZC ACID. C 2 H*IO* =* C ’h IO |o. (Perkin and Duppa, PhiL 

Mag. [ 4 ] xviii. 54 .) — This acid is obtained, as an ethyl-compound, by the action of 
iodide of potassium on bromacetato of ethyl diluted with three measures of alcohol, 
the mixture being digested at 40 ° in the dark for about two hours, and the iodaectic 
ether then distilled off. To obtain the freo acid, the ether is convertod into a barium- 
salt by digestion with hydrate of barium ; this salt, is decomjHW'd by cautious addition 
of sulphuric acid ; and the filtrate is crystallised in a vacuum. 

IotLacetic acid forms thin, tough, colourless, rhombohcnlral plates, having a very sour 
taste, and not deliquescent. It melts at 82 °, with slight decomposition, and solid ifles 
again at 85 °. It is decomposed, liko bromacetic acid, by moist oxide of silver, with 
formation of glycollic acid : 


C*H*IO* + AgHO - Agl + CnVO*. 


Jodacetate of Ammonium is very soluble, crystalline, and non-deliquescent. Thu 
pot««iM7»-salt exhibits similar properties. The barium- salt, C^IPIBaO*, is crys- 
talline, moderately soluble in water, and precipitated by alcohol. The lead-salt 
crystallises in prisms, but easily splits up in solution into iodide of lead and glycollic 
acid : 

CHPIPbO* -t- H 2 0 « Pbl + C*H*0». 


lodacctate of Ethyl is an oily liquid, heavier than water, and having a very irritating 
odour. Iodacetate of Amyl is oily, heavier than water, has the odour of pears, and gives 
off an irritating vapour. 


Dl-todaeetle Add. C^HT^O*. (Perkin and Duppa, Chem. Soc. Qu. J. xiil 1.1 
— ^The ethyl-compound of this acid, obtained by acting on dibromacetate of ethyl 
**ith iodide of potassium, is converted into a calcium-salt by means of milk of lime ; 
the calcium-salt is decomposed by hydrochloric acid, avoiding an excess; and the 
solution is left to crystallise. The acid is thus obtained as a beautifully crystalline 
sulphur-yellow compound, volatile at ordinary temperatures, and slightly soluble in 
Wa ter. It has a faintly acid taste, with metallic after-taste. It does not blister ths 
skin. 


in. 

The di-iodaeetata are .lightly yellow, eryetalline, and permanent, eace^ng the 
potassium and sodium -salts, which are deliquescent. The barium- salt, 
forma rbombohedral crystals, which give off iodine when heated. The ca&tttsj-jslt 
forms yellow silky needles, also decomposed by beaf. The lead-wdt, C*JK IPbO 1 , is 
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obtained ay a crystalline precipitate by adding a solution of die sodium-salt to acetate 
of lead, both being largely diluted. The silver-salt, prepared in like manner, forms a 
yellow crystalline powder, which, when gently heated, decomposes with slight explosior 
and evolution of inline. . _ 

Di-iodacctate of Ethyl, <^H(CTT 5 )FO*, is a yellowish liquid, haying a jrongenV 
burning taste, and extremely irritating odour. It is insoluble, or nearly so, in water. 
AmmoniA rapidly converts it into di-iodacetamide, N.H a .C a HFO, which is a pale 
yellow substance, sparingly soluble in water. 

ZODAOBTTL. C : H a IO. — The radicle of iodacetic acid, 

ZODAL. C 2 HPO = C 2 I 3 O.H. Hydride of Tri-iodacetyl (i. 34). — This com- 
pound is said to be obtained by adding iodine to a mixture of alcohol and nitric acid. 
The iodine rapidly disappears, and an oil separates which may be purified by agitation 
with water and distillation over chloride of calcium. It begins to boil at 25°, but the 
boiling point gradually rises to 115°. Potash converts it into iodoform (Aim 6, Ann. 
Ch. Phys. [2] Jxiv. 217). Johnston (Phil. Mag. [3] ii. 215) obtained, by a similar 
process, an oily liquid which boiled at 110°, but decomposed and turned brown at 
the same time. Johnston regarded the product as iodate of ethyl (see Gmelin’s 
Handbook, ix. 186). Schoonbroodt (Bull. Soc. Chim. de Paris, 1861, p. 109), by 
adding hypochlorite of potassium to an alcoholic solution of iodine till the latter was 
decolorised, obtained a copious precipitate consisting of small shining needles, easily 
soluble in water, sparingly in alcohol, and resolved by potash-ley into formic acid and 
iodoform: hence it was probably iodal. 

ZODAMIDES and ZODAMMOITZUMS. Under these terms may be included 
a number of compounds, mostly of an explosive character, produced by the action of 
iodine on ammonia. The composition and properties of these products vaiy according 
to the mode of preparation adopted. 

I. Xodamides. By digesting iodine in excess of aqueous ammonia; by adding 
a large excess of aqueous or alcoholic ammonia to a saturated solution of iodine in 
alcohol, and then diluting with water ; by adding ammonia to a solution of iodine in 
nitro-muriatic acid (which contains protochloride of iodine, IC1) ; or by decomposing 
the explosive compound called chloride of nitrogen, with iodide of potassium — a 
black powder is precipitated which when dry is violently explosive. It must be 
collected on a filter, and washed with water; and to guard against accidents in drying, 
it is advisable to divide the filter, with the moist precipitate upon it, into small pieces, 
and expose them to warm dry air at considerable distances from each other. Or the 
precipitate n»ny be dried under a receiver filled with ammonia gas, in which case, 
according to Millon. there is no fear of explosion. 

The product obtained by either of these processes, commonly called iodide of 
nitrogen, is n brownish-black soft powder, which when dry explodes from the 
slightest cause, producing a loud report and destroying any solid bodies that may bs 
near it. The explosion is attended with a faint flash of violet light, nitrogen being 
set free as gas, and iodine in the form of very fine powder. It may be exploded by 
friction, even under water, and in the dry state can scarcely be touched without 
exploding, the slightest elevation of temperature, and even the friction produced by 
sliding over the surface of smooth paper, being sufficient to explode it. . Wh«|, 
moist, it decomposes slowly in contact with the air, yielding nitrogen, iodic aeid|| 
and hydriodie acid; A similar decomposition is produced more rapidly by 
water , or by alkaline solutions. Sulphydric acid decomposes it, producing hydriodie 
acid, ammonia, and a deposit of sulphur. With sulphurous aftd, it yields iodide of 
ammonium, hydriodie acid, and sulphuric acid. Uromtnc-wdier decomposes it instan- 
taneously, chlorine more slowly : strong nitric acid attacks i tjgio lently. (Gladstone.) 

This description applies to all the products obtained the processes above- 
mentioned ; nevertheless, these products are not absolutelyTucntical in composition ; 
but they all appear to be iodam ides— that is to say, ammonia-molecules having the 
hydrogen more or less replaced by iodine — combined in some instances with Ammonia 
itself. Gay-Lussac regarded the product of the action of iodine on ammonia as a com- 
pound of iodine and nitrogen alone, in fact, as tri-i od amide, NI g , and, according 
to recent analyses by Stahlschmidt (see p.28l), this compound does appear to be 
formed under certain conditions ; but repeated experiments by several chemists have 
shown that the explosive compound thus produced frequently also contains hydrogen ; 
for when small portions of it in a state of perfect dryness are repeatedly exploded 
under a bell-jar, iodide of ammonium is deposited on the sides of the vessel. 

According to Millon (Ann. Ch. Phys. [2] Ixix. 78), the compound is mono* 
ioda mide, NH a I, and the decomposition just mentioned takes place as represented by 
the equation; 


2NHT - NH*I + I + N. 
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Bineau (ibid, [3] xv. 71), by determining the quantities of hydriodic acid, ammonia, 
nitrocen produced in its decomposition by sulphydric acid, was led to adopt the 
which is that of di-iodamide: 

NHF + 2H 2 S - NH 4 I + HI + S 3 . 


Gladstone (Chem. Soc. Qu. J. iv. 34) takes the same view of its constitution. By 
decomposing with sulphydric acid, the compound produced by the action of ammonia 
on an alcoholic solution of iodine, he finds that it contains 2 at, iodine to 1 at. nitrogen, 
while its decomposition by aqueous sulphurous acid is represented by the equation ; 
NHF + 2SH 2 0* + 2H 2 0 = NH ( I + HI + 2SH 5 0\ 

He also finds that the formula NHF is in accordance with the formation of the com- 
pound by the action of hypochlorite of calcium or iodide of ammonium (observed by 
Playfair), that reaction being attended with evolution of ammonia, according to tho 
equation : 

CaCPO 3 + 2NH 4 I » NHF + Ca a* + 2H J 0 + NH*. 

Bunsen (Ann. Ch. Pharm. lxxxiv. 1) has also examined the constitution of 
iodide of nitrogen, and arrived at different conclusions. He observes that the mode of 
formation of the explosive compound from iodine and ammonia, with hydriodic 



acid without evolution of gas, and forms a solution containing ammonia and jirotochlo- 
ride of iodine, but no hydriodic acid ; 3. That, to determine its composition, it is suflft- 
ciont to ascertain how much IC1 and how much NIP it yields with hydrochloric acid, 
and to see which of tho following equations agrees with the results : 

NF + 3HC1 - 3IC1 + NIP ....(«) 

NIIF + 2IIC1 = 2IC1 + NH» .... (A) 

NIFI + HC1 « IC1 + NIP . . . . (c) 

NIPI + NIP + HC1 - IC1 + 2NH* .... (d). 

Preparations obtained by mixing cold and more or less saturated anhydrous alcoholic 
solutions of iodine and ammonia, which were not decomposed by washing with absolute 
alcohol, gave, when dissolved in hydrochloric acid, quantities of ammonia, iodine, and 
chlorine, in the atomic proportion of 2 : 3 : 3, showing tli»t"ie constitution of tho 
compound thns formed wee NI* NH*. A preparation obtained by adding ammonia to a 
solution of iodine in nitre-muriatic acid diluted with water, and washed n» quickly a. 
possible with cold water, gave, with hydrochloric acid, quantities of ammonia an.l pro- 
toehlorido of iodine in tho atomic proportion of 5 : 12, showing that its formula wa« 
4NP.NIP. When washed with water for any length of time, even till tho greater pari 
of the compound was decomposed, with separation of iodine and nitrogen tho undo- 
oom posed portion still yielded more than 1 at ammonia to 3 at. chloride of iodine, a 
proofthat ammonia entered essentially into its constitutiom BmiseniHof opinion that 

there exist two distinct compounds, NP.NIP and 4NP.NIP, formed in the manner 
shown by the equations, 

2NH* + 61 «= NP.NH* + 3III 

* 8(NP.NH») + 3H'0 - 2(4 NP.NIP) + 3(NH 4 ) 7 0. 

The formation of the so-called iodide of nitrogen by the action of ammonia a solu- 
tion of iodine in nitro-muriatic acid, would be , neons, stent w.th "‘'“v.ewfthat 
solution contained, not IC1, but, as is sometimes suppose, i K l lK-oauso NI n °* 

l>e formed from the latter. Bunsen has, however, shown that the solution of iodine in 
nitro-muriatic acid contains only ICL The formation of the explosive compound from 
IC1 is explained by the equation, 

2NH* + 3IC1 - (NP.NIP) + 3HCL 
The immediate products of its explosion are nitrogen and hydriodic acid : 

NP.NH* - N» + 3HI. 

which Utter i*. for the most part, resolved by the high 

hydrogen, while another portion unites w.th the ammonia , of the 

iodide of ammonium, thereby netting free quantities of iodine and nitrogen eqoiTWen* 

““ZSZ, wsa-,.* sht. . 

intermediate between the two compounds obtained by Bunsen . 

2_\’-I>H* + S'W - 8NUI* 
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Batmen's first oompotwd NI'.NH’, may be represented as tri-iodammonanunonmra, 
N |nHI* “ d the second com t )ound 4NI ’ NH ‘> mi e ht be form ulated “ » similar 

maimer. . - ...... /Tt 

Lastly, it appears from the experiments of Stahls chmiat. (Pogg.. Ann. cxix. 
421; Bull. Soc. Ohim. de Paris 1864, p. 149), that di- or tri-iodamide may bt 
produced according as alcoholic or aqueous ammonia is added to an alcoholic solution 
of iodine. By raiding alcoholic solutions of ammonia, and iodine, he obtained a 
compound yielding by analysis quantities of iodine and nitrogen in the proportion of 
2 at. I to 1 at. N, therefore NHI*. 

On the other hand, a product obtained by adding aqueous ammonia to an alcoholic 
tincture of iodine, yielded by decomposition with sulphydric acid, products containing 

8 at. I to 1 at. N, according to the equation, 

NI* + 3H*S = NH 4 I + 2HI + S 9 . 

The same substance treated with iodide of methyl, yielded in 24 hours, two layers of 
liquid, the upper consisting of aqueous hydriodic acid and iodide of ammonium, while 
the lower contained iodoform and penta-iodide of tetramethyl-ammonium : 

2NP + 3CH*I « 2NH* + 3CHP, 

Iodoform. 

and 2NP + 9CH 9 I - 2HI + CHP + 2N(CH 9 ) 4 P. 

Iodoform. Penta-iodide 
of (etramethyl- 
ammonium. 

On treating the lower liquid with boiling absolute alcohol, a solution was obtained which 
deposited the penta-iodide in shining green crystals, while iodoform remained in the 
mother-liquor ; and this mother-liquor being treated with potash, gave off ammonia 
and yielded iodoform, together with yellow crystals having the composition of di- 
J (I 2 

iodomethylamide N } qjj, The saline residue contained butyrate of potassium and 
other salts. 

If the tri-iodamide used in the preceding reaction still retains ammonia, the pro- 
ducts obtained are penta-iodide of tetramethylammonium, and a compound of 2 at. iodo- 
form with mono-iodide of tetramethylammonium, C a H ,4 NP = (C1I # ) 4 NI + 2 CHI*. 

By acting with ammonia on penta-iodide of tetramethylammonium (which contains 
4 at. iodine in a state of less intimate combination than the fifth, and ready to act like 
free iodine), Stahlschmidt has obtained a compound containing C 4 H l3 N 2 P, which may 
be regardod as a compound of di-iodamido, NHP, with tri-iodide of tetramethyl- 
ammonium. The samo compound iB formed on mixing alcoholic tincture of iodino with 
an ammoniacal solution of mono-iodide of tetramethyl-ammonium. It is a black 
powder, which explodes at 100°, or in contact with sulphuric acid, giving off nitrogen, 
and leaving the penta-iodide. The same decomposition takes place on heating its 
alcoholic solution. Sulphydric acid reduces it to mono-iodide of tetramethylammonium. 
Nitric acid decomposes it slowly. Heated with potash, it yields iodoform. It is in- 
soluble in most liquids, but dissolves slightly in absolute alcohoL (Stahlschmidt.) 

II. Zodammonlum. NH 8 I,; or Iodide of Ammonia, NHM. — Dry iodine 
absorbs dry ammonia-gas, ICO parts of iodine taking up 8*3 pts. of ammonia at + 10°, 

9 pts. at 0*, and 9*4 pts. at— 18°. The product is a blackish-brown very tenacious 

liquid, having a metallic aspect, smelling of ammonia and iodine, and imparting a 
brown stain to the skin and to paper. When heated, it givef off a portion of the 
ammonia and sublimes in violets vapours. Its lustre and tenacity are destroyed by 
excess of ammonia. It dissolves readily in alcohol, and ^resolved by water into 
iodide of ammonium and di-iodamide : jJJ 

2NH*I - NH 4 I + NOT.- 4 ' 


In a current of hydrochloric acid gas, it is completely decomposed, yielding nitrogen 
gas, sal-ammoniac, iodide of ammonium, and free iodine. (Mi 11 on, Ann. Ch. Phys. 
lxix. 78.) 

According to Bineau, 100 pts. iodine absorb 20*65 pts. ammonia-gas, yielding 
•a product having the composition N 9 H®I*. This may be represented as an iodide oj 
rN jH> i 

tod-ammon-ammon-ammonium I JH* .L 

L ) NH 9 I J 

Millon’s compound, if its composition has been correctly determined, is remarkable 
as presenting the only known instance of an ammonium-molecule existing in the free 

III. Iodide of Zodammonlum. NH*P — (NH*I).L — This compound, discovered 
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Guthrie (Chem. Soc. J. xvi. 239), is obtained: 1. By adding finely-powdered 
• to a saturated solution of nitrate or carbonate of ammonia mixed with about 
1 -third of an equivalent quantity of potash. The iodine immediately liquefies, with- 
°ut"perceptible rise of temperature, and unites with the elements of the ammonia, 
forming a very mobile brownish-black liquid, while the supernatant solution remains 
colourless. The iodide of iodammonium is separated by a pipette from the saline 
solution.— 2. A similar, and probably identical liquid is obtained by adding to the 
solution* of nitrate of ammonia, mixed with potash, a saturated solution of iodine in 
aqueous iodide of potassium. 

Iodide of iodammonium dissolves in ether, alcohol, chloroform, sulphide of carbon, 
and aqueous iodide of potassium. When heated, it is partly resolved into iodine, and 
an iodiferous liquid, which may be distilled without decomposition, and is probably 
MiUon’s or Bineau’s “iodide of ammonia.” 

NIFF = I + NH*I. 

SNIFF — I 4 + 3NIF.F. 

Exposed in the dry state to the air, it decomposes spontaneously into ammonia 
and iodine, no permanent gas being evolved. On agitating it in a eudiometer-tube 
with mercury, iodide of mercury is formed, and the mercury is depressed by the 
liberated ammonia, which latter is completely absorbed by water : 

NIFF + Hg - NIF + HgF. 

It is decomposed by water, colouring the water reddish-brown, from senaration of 
iodine, evolving nitrogen gas, and yielding a residue of di-iodamide, which explodes 
spontaneously under water : 

4 NIFF + H 2 0 = 2NHF + 2NH*I + 2III +IFO - N 2 + 4111 + F + 2NIFI + H*0 
The formation of the di-iodamide is moro rapid than its decomposition, so that some 
of it is left after the original compound is broken up. 

The caustic alkalis effect the same decomposition as water, but moro quickly, on 
account of the greater affinity of their metals for iodine. 

Acids dotermine the formation of ammonia, e. g. : 

NIFF + II Cl - N1FCI + I*. 

NIFF + II SO 4 - (NH 4 )*SO‘ + F. 

A portion of tho compound prepared by the first method (p. 282) and ^composed 
in this way by dilute sulphuric aetd, yielded in one expernnon , 6'92_ per cent Nil and 
9347 I, in another, 6-69 NIP to 63 04 I, the formula requiring 8 27 Nil to 93 7S 1. Un 
submitting the compound to fractional solution with chloroform, the residua wm ifound 
to have exactly the sarao composition as tho original substance, showing tliat the sub- 
stance operated on was a definite compound, and not a mixture of two or more. 

IODAMMONIUM. (See p. 282.) 

tfm AW T T.rwr y-. Syn. with Iodofiiknyl amine, See Phknyi.aminb. 

XODAJQTXSXC ACID. CTFIO* Produced, together with hydriodftto of wm- 
samic acid, by the action of hydriodic acid on diazoanis-oxanisannc acid : 

C*H*N*O s .C 8 H*N O* + 2HI « C 4 IFNO*.HI + O^IFIO* + N* 

Diaaoants-oxani«amic *£3SS? *S8T 

* cU1, acid. 

It forms white needles, insoluble in water, easily soluble in "i “ L'm?- 

The silver-salt is a white amorphous precipitate. (I.Gness, y. . * 

Jahresber. 1869, p. 466.) 

tnu m . a gNIOUB ACID. See Arsenic Oxyiodidb of (i. 386). 

XODATS8. See Iodine, Oxygen- acids of. 

X OX> JLXJSJLTSSw See Gold, Iodides of (ii. 929). 

IODBTHTLAMINN. See Ethyl amine (iu 638). 

XOD B T HTL lNls See Ethylene, Iodated (ii. 679). 

lODHTmo ACID- See Iodipb of Htdboobn (p. 284). 

tm.ww i.wtw . Compounds derived from glycerin or from glycide (n- SBOh by 
a«sump“?Sr*;menr^ hydriodic acid and clfmination of waUr. Only two have 
hitherto been obtained ; both of which are glycidic ethers, vis. 

lodhydmglycide or Epi-iodhydrin . • c * H ‘)o “ C * H *°* + HI “ SH, °* 

Iodhydrodiglycide (Bert helot’s Iodhydrin) * | q« ” 2C*H*0* + HI - »H*0. 
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The first has been already described (ii. 899). The second is obtained by saturating 
glycerin with hydriodic add, keeping the liquid in a dose vessel at 100° for forty 
hours, and then treating it with potash and ether. It is a syrupy liquid of a golden 
yellow colour, and specific gravity 1783. It has a saccharine taste, dissolves about 
on -third of its bulk of water, but is not itself soluble in water. It is soluble in alcohol, 
and still more in ether. It is not volatile without decomposition. It bums without 
residue, giving off vapours of iodine. Potash decomposes it slowly at 100°, producing 
iodide of potassium, a liquid which appears to be identical with glycerin, and a volatile 
liquid, probably oxide of glyceryl (C*H 5 ) 2 0 8 . The iodine in cod-liver oil is perhaps 
fit the form of this, or a similar compound. (Berthelot and De Luca, Compt. 
rend, xxxix. 748.) 

ZOBXSl OT ACZTTL. See Acetyl (i. 35). — The iodides of other organic 
radicles are also described under the several radicles. 

XOBXBS Or A&VMZNIUM. See Aluminium (i. 157). — The iodides of other 
metals are also described under the several metals. 

XODX 9 B or AMMONIA, See Iodammonium (p. 282). 

XODX3HB or AMMONIUM. See Ammonium-Salts. 

IODXDZ or BOXOV, See Bohon (i. 627). 

XODXBN or HVnSOOEN. XODBTBRIC or HYX>SUC02>XC ACX3>. HI. 

Iodine does not combine with hydrogen at ordinary temperatures, even under the 
influence of sunshine ; but when hydrogen gas and iodine vapour are passed together 
through a red-hot tube, combination takes place. According to Blundell (Pogg. 
Ann. ii. 216), spongy platinum brings about the combination at ordinary tempera- 
tures. The affinity of iodine for hydrogen is inferior only to that of oxygen, fluorine, 
chlorine, and bromine ; consequently iodine separates hydrogen from most of its com- 
binations, viz . from phosphoretted hydrogen, sulphydric acid, ammonia, and many 
organic compounds, e.g. alcohol, ether, and volatile oils, the result being in all cases 
the formation of hydriodic acid (Gaultier; Colin). Iodine does not decompose 
water , even at a red heat, or at all events, produces mere traces of iodic and hydriodic 
acids (Gay-Lussac). If, however, there is likewise present any substance that can 
take up the oxygen of the water, hydriodic acid is produced in abundance. Hence 
water and iodine, in contact with phosphorus, form hydriodic acid and phosphorous 
acid (Gay-Lussac): with sulphurous acid , only however when a considerable 
quantity of water is present, they yield hydriodic and sulphuric acids. With sulphites , 
if largely diluted, the products are hydriodic acid and a sulphate ; similarly with 
hyposulphites ; with arsenious acid , hydriodic acid and arsenic acid ; with stannous 
salts, hydriodic acid and a stannic salt ; and with certain metals, hydriodic acid and a 
metallic oxide. 

Preparation. — 1. In the gaseous state . — a . 1 pt. of phosphorus and 9 pts. of iodine 
are moistened with a Hmall quantity of water, or covered with moistened glass-powder, 
and heated in a retort connected with a mercurial trough. Towards the end of the 
operation, hydriodateof phosphamine (p. 201) may sublime. Personne (Compt. rend, 
lii. 468) recommends the use of amorphous phosphorus for this purpose. The phosphorus 
is to be introduced into a tubulated retort, covered with a layer of water, and iodine 
added by successive portions, while the whole is gently heAted. A regular stream of 
hydriodic acid-gas is then given off quite free from iodine- vapour. — h. 1 pt. of phos- 
phorus is gently heated with 14 pts. of iodide of potassium, 20 of iodine, and a small 
quantity of water. If the evolution of gas becomes too violent, the vessel must be 
plunged into cold water; if it becomes too slow, heat must be again applied (Mi lion, 
J. Pliarm. xxviii. 299) : £ 

4KI + I” + P* + 7H 2 0 « K'PW +&4HI. 

2. In the liquid state. — Iodine and persulphide of hydrogen,. vFnich, when they come 
in contact, unite, and form a yellowish-brown liquid, are placed together at the closed 
end of a dry glass tube; and at a short distance from them, in a bend of the tube, is 
placed a small quantity of water. If the tube be then sealed, and the first-mentioned 
liquid brought in contact with the water, decomposition takes place, resulting in the 
separation of sulphur and hydriodic acid, a considerable portion of the latter condens- 
ing in the liquid s^ate. (Kemp, Phil. Mag. [3] vii. 444.) 

3. In aqueous solution . — The aqueous acid may be prepared by passing the gas 
obtained by either of the preceding methods into water, which absorbs it very rapidly 
and in large quantity; or directly: 1. By distilling iodine with phosphorus and a 
large quantity of water. — 2. By passing sulphydric acid gas into water in which iodine 
is diffused, the liquid being well agitated all the while, till the iodine has disappeared, 
and the liquid, which was brown at first, has become colourless ; the liquid is then 
filtered and heated to commencing ebullition, in order to expel the excess of sulphydric 
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#cid already produced— decanting again-once more saturating with sulphvdric^M 
»g*i? digesting with iodine, &e., &c. Another method is that of Stmtiimh,“hkh 
consists m passing sulphydric acid gas through a solution of iodine in 18 ntsTf 
alcohol, filtering, diluting with 32 pts. of water, and freeing the product by distillation 
from alcohol and excess of sulphydric acid. The acid prepared in this manner is liabhe 
however, to be mixed with a product of disagreeable odour, arising from the action of 
the sulphydric acid on the alcohol.— 3. Iodide of barium dissolved in water is exactly 
decomposed by the equivalent quantity of sulphuric acid, and the product is separated 
by filtration from sulphate of barium (Glover, Phil. Mug. [3] xix. 92) —4 Granulated 
lead is agitated with iodine and water till the liquid becomes colourless ; sulphydric 
acid gas is then passed through, and the liquid decanted (Joss, J. pr. Chem. i 133) 
The aqueous solution of the acid obtained by either of theso methods may be concen- 
traied by heating it in a retort. 

Properties . — Hydriodic acid is a colourless gas, which reddens litmus strongly, and 
produces dense white fumes in moist air. It has a very sour suffocating odour, extinguishes 
flame, and is not itself combustible. Its specific gravity, according to Gay-Lussac’s 
determination, is 4 4429, which shows that the gas is composed of equal volumes of 
hydrogen and iodine- vapour united without condensation ; for the density thence deduced 

is 127 = 64 referred to hydrogen in unity, and 64 x 0*0693 - 4*4362 referred 


to air. 

Hydriodic acid gas may be liquefied by pressure (p. 284). Tho liquid acid has a 
yellow colour, and solidities at —61°, forming a transparent colourless mass intersocted 
by fissures, like ice. 

The aqueous acid smells like the gas; its taste is pungent at first, afterwards 
astringent and sour. When concentrated, it fumes strongly in the air. Its specific 
gravity and boiling-point vary with its strength. An ueid containing 57*0 per cent. 
Hi boils constantly at 127° under a pressure of 774 mm. A weaker or a stronger acid 
niay be reduced to this strength by distillation under tho ordinary pressure (in an 
atmosphere of hydrogen, to avoid decomposition). When dry hydrogen gas is passed 
through weaker or stronger acid, till the remaining acid attains a constant strength, 
this acid is found to contain from 60 3 to 60 7 per cent. HI, if tho experiment is made 
at a temperature between 15° and 19°, and from 58 2 to 58 5 per cent. Ill, if it has 
been performed at 100°. (Itoscoo, Chem. Soc. J. xiii. 160.) 

Decompositions. — 1. A mixture of hydriodic acid and oxygen gases passed through a 
red-hot porcelain tube is resolved into water and iodine (G ay -Lu ssac). The aqueous 
solution undergoes a similar decomposition when exposed to the air, becoming brown 
from separated iodine. — 2. The following compounds give up their oxygen to the 
hydrogen of the hydriodic acid, forming water and separating iodine. Hydrated 
peroxide of hydrogen is converted by it into water (Thcnard). Sulphurous anhy- 
dride and hydriodic acid gases yield water, sulphur, and iodine: 


SO* + 4HI « 211*0 + S + I 4 . 


If water is present, the two acids have no action on one another (Dumas). Hydri- 
odic acid gas, or its concentrated aqueous solution, is decomposed by strong sulphuric 
acid t yielding water, sulphurous acid, and free iodine : 

H 2 SO* + 2HI ~ 11*0 + IPSO* + P. 

On the addition of water, sulphuric acid and hydriodic acids are reproduced. Aqueous 
iodic acid and hydriodic acid yield water and iodine : 

HIO* + 6HI - 3H*0 + P. 

Hypochlorous acid decomposes hydriodic acid, both in the gaseous form and in the state 
of aqueous solution (Balard). Nitric acid yields iodine, water, and nitric oxide 
(Gay-Lussac). Ferric salts are converted hy hydriodic acid into ferrous salts, iodine 
being at the same time precipitated (Gay-Lussac).— 3. Chlorine gas, in small 
quantity, converts hydriodic acid gas into hydrochloric acid and iodine : 

Cl + HI - HC1 + I; 

in huger quantity, into hydrochloric acid and trichloride of iodine; e.g. 

4 Cl + HI - HC1 + ICP. 

(Gay-Lussac). In a similar manner, bromine and hydriodic acid gas yield hydrfr- 
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bromic acid gas and iodine, the action being attended with evolution of heat (Balard), 
Hence hydriodic acid imparts a blue colour to starch on the addition of chlorine or 
bromine (not in excess), or of sulphuric, nitric, or iodic acid, or a mixture of hydro, 
chloric acid and chlorate of potassium. — 4. Potassium, zinc, iron, mercury, and other 
metals, immersed in this gas, are converted into iodides, 1 volume of hydrogen being 

at the same time liberated frdm 2 volumes of hydriodic acid gas (Gay-Lussac). 

5. With most basic metallic oxides, hydriodic acid forms water and a metallic iodide. 
Some of these iodides separate immediately, so that, with the salts of certain metallic 
oxides, aqueous hydriodic acid forms precipitates consisting of metallic iodides, and 
distinguished by the following colours: Oxide of bismuth, brown; oxide of lead, 
orange-yellow; mercurous oxide, greenish-yellow; mercuric oxide, scarlet; oxide of 
silver, yellowish-white. Other metallic iodides remain dissolved in the liquid, and in 
that state may be regarded as hydriodates of metallic oxides. With metallic peroxides, 
e.g. the peroxide of manganese or of lead, hydriodic acid forms a metallic iodide (or 
hydriodate), water, and free iodine; e.g, 

PbO + 2HI = Pbl* + IPO + I. 

With many organic compounds , hydriodic acid reacts in the same manner as with 
inorganic compounds, sometimes deoxidising them, with formation of water and elimi- 
nation of iodine, sometimes simply exchanging its hydrogen for a radiclo of the organic 
compound. Examples of the first mode of action are afforded by mannite, with which 
hydriodic acid yields iodide of hexyl, water, and iodine (p. 154), and by erythroman- 
nite , with which it yields in like manner iodide of tetryl (ii. 505). An instance of the 
second mode of action is exhibited by salicylate of methyl (wintergreen oil), with which 
hydriodic acid forms iodide of methyl and salicylic acid. (Lautemunn, Ann. Cb. 
Pharm. exxv. 13.) 

C 7 H s (CH 3 )0 3 + HI ~ CIPI + C 7 H°0 3 . 

It is by reactions of this kind that Matthiessen and Foster (Chem. Soc. J. xvi. 358) 
have shown that cotarnine and its derivatives are methylised compounds. (See 
Cotarnine, ii. 90 ; Hemipinic acid, iii. 142; Ofianic acid, and Narcotine.) 

Hydriodic acid unites directly with ammonia, phosphamine, and other organic 
amines, phosphines, arsines, stibines, &c., forming salts, which may be regarded either 
as hydriodates of these ammonia-derivatives, or as iodides of the corresponding deriva- 
tives of ammonium, e. a. hydriodate of triethylamine, N(C*H 5 )*.HI, iodide of triethyl- 
ammonium, [N(C 2 IP)*H]I. Similarly with other organic bases. 

• It likewise unites directly with many hydrocarbons containing even numbers of 
hydrogen-atoms; the olefines and camphenes, for example. Greville Williams, by 
distilling the hydrocarbons obtained from Boghead napht ha with fuming hydriodic ucid, 
obtained compounds which might be regarded as hydriodates of olefines, OH^.HI, or as 
iodides of the corresponding monatomic alcohol-radicles, OH ,i+, I, as when treated 
with alcoholic ammonia, they yielded the hydriodates of the corresponding amines, 
C*H a *^ i N.HI, The hydriodates of the olefines are not, howe ver, in all cases identical 
with the corresponding monatomic alcoholic iodides ; hydriodate of amylene, for ex- 
ample, is merely isomeric with iodide of amyl ; for when treated with moist oxide of 
silver, it yields a hydrate of amylene, not exhibiting the properties of common amylic 
alcohol. Similarly with hydriodate of hexylene (p. 188). 

XODXDH OF NXTXOOBSf. See Iodamides (p. 280). 

X02>XDS8 V HCXIT.aXX.XC. These compounds are obtained by the same processes 
that yield the chlorides and bromides. 

1. By the direct action of iodine on a metal, frequently even at orilinary temperatures, 

as in the case of mercury. The combination is attended with development of heat, 
sometimes with flame, which is coloured violet by the iodiriljfapour \e,g, potassium 
sodium). C3 

2. By the action of iodine on certain metallic oxides, hydrates, or carbonates. 
Iodine displaces the oxides of potassium, sodium, barium, and calcium at a red heat, 
and that of oxide of silver at ordinary temperatures. When solutions of caustic or 
carbonated alkali are treated with iodine, mixtures of iodide and iodate are produced, 
which last salt is decomposed by heat into iodide and oxygen. Iodine and peroxide 
of barium, when mixed with water, decompose into iodide of barium and oxygen, thus: 

I a + BaO* - Bal 1 + O*. 

3. By the action of certain metals, such as potassium, zinc, and iron, on hydriodic acid, 

the metal then replacing the hydrogen 4. By saturating hydriodic acid with oxides* 

hydrates, or carbonates. With a peroxide and hydriodic acid, iodine is liberated. — • 
6. The insoluble iodides are prepared by adding hydriodic acid or the solution of a 
metallic iodide to solutions of the heavy metals. 

All iodides are destitute of metallic lustre ; some of them are vezy beautifully 
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coloured. Their specific gravity is often lower than the mean specific gravity of their 
constituents : such is the case with the iodides of potassium, lead, copper, and silver. 
(Boullay.) 

But few metallic iodides are decomposed by heat alone ; the iodides of gold, silver, 
platinum, and palladium, however, give up their iodine when heated. Most metallic 
iodides when ignited in open vessels, so that the air has excesB to them, give up their 
iodine, and are converted into oxides ; such, however, is not the case with the iodides 
of potassium, sodium, bismuth, and lead, Chlorine^ at red heat, decomposes the me- 
tallic iodides, converting them into chlorides, and either set ting the iodine free or form* 
ing chloride of iodine. Bromine acts in a similar manner. Chlorine-water likewise 
liberates the iodine. Hydrochloric acid gas decomposes metallic iodides at a red heat, 
forming hydriodic acid gas and a metallic chloride. Concentrated sulphuric and nitric 
acid and likewise acid sulphate of potassium decompose all metallic iodides on the 
application of heat, the products being iodine, which escaj>es in violet vapours (which 
give a blue colour to paper moistened with starch), and a sulphate or nitrate of the 
corresponding metal. When this change is produced by nitric acid, pernitric oxide is 
formed at the same time ; sulphuric acid and acid sulphate of potassium evolve sulphu- 
rous anhydride, sometimes also aulpliydric acid. Sulphuric acid or acid sulphate of 
potassium with peroxide of manganese, peroxide of lead, or chromato of potassium, 
produces the same decomposition, but without evolution of sulphurous nnhydride. A 
head of niicrocosmic salt saturated with oxide of copper communicates a beautiful 
preen colour to the blow- pipe flame on the addition of a metallic iodide (Berzelius). 
Metallic iodides agitated with sulphuric acid and sulphide of carbon , communicate 
nn amethyst-red tint to the latter. 

Very few metallic iodides remain unaltered in contact with water : such, however, is 
the case with the iodides of bismuth, lead, copper, and several of the noble metals. 
Some of them are converted by water into an oxide, which is precipitated, and hydri- 
odie arid which dissolves in the water (iodide of tin) : or into a precipitated compound 
of iodide and oxide of the metal, and a solution of the iodide in aqueous hydriodic acid 
(the iodides of antimony and tellurium). Most metallic iodides aw perfectly soluble 
in water ; and the solution may bo regarded as containing either the unaltered iodide, 
or a hydriodate of the oxide formed by double decomposition ( e.g . the iodides of the 
alkali- metals, iron, nickel, cooalt, Ac.). 

The soluble iodides are extremely poisonous. When evaporated out of contact of air, 
they generally leave anhydrous metallic iodides, which partly separate in the 
crystalline form before the water is wholly driven off. The earthy hydriodates, 
however, are resolved, on evaporation, into the earthy oxides and hydriodic acid, 
which escapes. A very small quantity of chlorine colours the solution yelloif or 
brown, by partial decomposition: anil a somewhat larger quantity takes up the 
whole of the metal, forming a chloride (or hydrochlorate), ana separates the iodine, 
which then gives a blue colour with starch ; a still larger quantity of chlorine gives 
the liquid a paler colour, and converts the separated iodino into trichloride of iodine, 
which does not give a blue colour with starch, and frequently enters into combination 
with the chloride produced. Strong sulphuric acid and somewhat concentrated nitric 
acid colour the solution yellow or brown ; and if the quantity of the iodide is large, 
and the solution much concentrated or heated, they liberate iodino, which partly 
enon pes in violet vapours. Starch mixed with the solution, even if it bo very dilute, 
is turned blue — permanently, when the decomposition is effected by sulphuric acid; 
for a time only when it is effected by nitric acid, especially if that acid be added in 
large quantity. If tho sulphuric acid contains sulphurous acid, which is very likely 
to l>e the case with fuming oil of vitriol, it does not produce tho blue colour, even when 
added in huge excess. If a liquid in which iodine is present (urine, for example) 
contains much organic matter, which may decompose tne sulphuric acid and form 
sulphurous acid, it will not produce the blue colour with starch and sulphuric acid 
unless it bo diluted with water (Dupasquier, J. Tharm. 28, 218). If tne solution 
likewise contains a salt of iodic acid , most acids produce a brown colour and separate 
iodine; because, by virtue of their affinity for tho base of the iodate, they facilitate the 
mutual decomposition of the hydriodic and iodic acid: 1HO* + 6III •» 3H*0 31*. 

The separation of iodine, and the blueing of the starch likewise takes place on adding 
hydrochloric acid to the solution, together with a stannic, ferric, or cupric salt, or a 
*»ltof chromic acid. Also, if the solution of the iodide be covered with gelatinous 
*tarch, the negative pole of a small voltaic battery immersed in the former, and the 
positive pole in the Utter, the starch is turned blue in the neighbourhood of thepositire 
*»re, even if the solution contains a much larger quantity of bromide or chloride than 
. *odide (Steinberg, J. pr. Cbera. xxv. 288). If the aqueous solution of a metallic 
1 j T contains only pa# of iodine, it gives a strong blue colour with dilute 
gvlatinoua starch, on the addition of aqua-regia : with ^ 3*53 P*u* of iodine, the 
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precipitate is violet ; with rose-coloured ; and with a pale rose-colour j. 

produced after the lapse of a few hours (Harting, J. j>r. Chem. xxii. 46). If 
solution likewise contains a large quantity of metallic chloride, the blueing of the starch 
is not readily produced by the addition of nitric acid, in consequence of the formation 
of chloride of iodine : in this case, a solution of starch in boiling dilute sulphuric acid 
may be added to the solution of the iodide, and then a very small quantity of 
chlorine water, the liquid being stirred at the same time. (Berzelius.) '' 

The aqueous solution of an iodide gives a brown precipitate with salts of bis- 
muth; orange-yellow with lead-salts; dirty- white with cuprous salts, and also with 
cupric salts, especially on the addition of sulphurous acid ; greenish-yellow with mer- 
curous salts ; scarlet with mercuric salts ; yellowish- white with silver-saXts ■ lemon-yellow 
with goldsalts; brown with platinic salts, first however turning the liquid dark brown- 
red ; and black with salts of palladium, even when extremely dilute. All these preci- 
pitates consist of metallic iodides, many of them soluble in excess of the soluble 
iodide : the Bilver precipitate is insoluble in nitric acid and veiy little soluble in 
ammonia. 

When iodine is added to an aqueous solution of a salt of hydriodic acid, the liquid 
takes up an additional quantity of iodine, equal, according to Baup (J. Pharm. 
ix. 46) to that which it already contains. It thereby acquires a dark-brown colour^ 
and is supposed by some chemists to contain a metallic polyiodide or a salt of hydri- 
vdous acid; but the affinity by which the iodine is retained is very feeble. 

Many metallic iodides absorb ammonia in definite proportions, forming compounds 
which may be regarded as iodides of ammonium-molecules, having part of the hy- 
drogen replaced by a metal. 

Some of these compounds unite with the oxides of the corresponding metals, forming 
oxy iodides, e,g. antimony and tellurium. ’ ’ B 

Metallic iodides also unite with one another, forming double iodides or iodinc- 
ealts, 

OROANICi 1. Acid . — The iodides of acid organic radicles have not 
been much studied. Iodide of acetyl, C'*H 3 OI, is obtained by the action of iodide of 
phosphorus on acetate of potassium or acetic anhydride ; and iodide of benzoyl, C 7 H 4 01, 
by the action of iodide of potassium on chloride of benzoyl. These acid iodides re- 
semble the corresponding chlorides, but are much more easily decomposable. 

2. Alcoholic Iodides , Iodhydric or Hydriodic ethers,— The monatomic alcoholic 
iodides are produced by the action of hydriodic acid, or iodide of phosphorus, on the 
corresponding alcohol^ and by that of hydriodic acid on the corresponding diatomic 
hydrocarbons, e.g. iodide of amyl, C 6 II"I, from amylene, C 4 H“\ and hydriodic acid. 
It is doubtful, however, whether the iodides obtained by this last process are really 
identical, or only isomeric with those obtained from the alcohols (p. 286). 

The monatomic alcoholic iodides are Less stable than corresponding chlorides, some- 
time decomposing under the influence of light, into the alcohol-radicle and free iodine, 
e,g, iodide of ethyl. 

Heated in sealed tubes with certain metals, viz. zinc, potassium , or sodium, they 
yield a metallic iodide and the alcohol-radicle : e. g. zinc with iodide of ethyl ; potassium 
or sodium with iodide of tetryl. With mercury , tin, lead, arsenic , antimony , and a few 
other metals, under the influence of heat, or of the sun’s rays, they yield the iodides of 
organo-metallic bodice ; thus, iodide of ethyl, enclosed in a sealed tube with strips of 
tinfoil, and heated in a sealed tube to 180°, or exposed to the sun’s rays concentrated 
by a lens or mirror, yields iodide of stunnethyl, (C 5i H 5 ) f Snl 2 (ii. 235). Sometimes 
the organo-metallic compound thus formed acts further on tjie iodide, giving rise to 
new products (li. 533, 535). Similar reactions take place when the alcoholic iodides 
are heated with the arsenides, antimonides, stannides, &c. ^potassium or sodium, the 
organo-metallic radicles being then formed with greater Kility, because the alkali- 
metal unites with the iodine. 

The alcoholic iodides, heated in sealed tubes with ammonia , yield a mixture of the 
iodides of various ammonium-bases, in which the hydrogen of the ammonium is more 
or less replaced by the alcohol- radicle ; thus, iodide of methyl with ammonia yields a 
mixture of the iodides of ammonium, and of methyl-, dimethyl-, trimethyl-, and tetrame- 
thyl-ammonium. With^ primary and secondary monamines , they react in a similar 
manner, the reaction becoming less complex as the amine itself is of a higher order. 
With tertiary monamines they unite directly, yielding the iodides of ammonium-base* 
in which the hydrogen is wholly replaced by the alcohol-radicle, e.g, 

(C*H S )*N + C*H*I - (CTPVNI 

Trfethyl- Iodide of Iodide of tetretbyl- 
amine. ethyl. ammonium. 

Similarly with tertiary phosphines , arsines , stibincs , &c. 
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Alcoholic iodides United with potassium- or sodi u m-a lco hols yield the asides of 
oloohohndicles, thus: 


C*H*I *f 

C*H 4 NaO 


Hal 

4- (C*H‘)*0 

Iodide of 

Eihylute of 



Ethylle 

ethyl. 

sodium. 



oxide. 

CH»I + 

C*H*NaO 

mm 

Nal 

+ CHWH'.O 

Iodide of 

Ethylate of 



Methyl- ethytic 

methyl. 

•odium. 



oxide. 


With silver-salts of organic acids, they yield compound others, e.g>: 

CH'I + C i;°|o - Agl + gg?|o 

Iodide of Acetate of Acetate of 

ethyl. »ilver. ethyl. 

The facility with which the alcoholic iodides are decomposed by those several reagents 
renders them peculiarly well adapted to the preparation of otlier compounds of the 

alcohol-radicles. 

Diatomic Alcoholic Iodides . — The iodides of the olefines. Oil 1 ***!*, which are the 
only known compounds of this group, are produced by direct combination ; also by passing 
the vapours of the corresponding monatomic alcoholic iodides through a red-hot 
tube ; e.g. : 

2C*Il‘I - C*IDI* + C»ID + IP; 

and by the action of hydriodic acid on the diatomic alcohols (ii. 678). The few 
which have been prepared are crystalline solids, easily resolved into iodine and the 
diatomic alcohol-rudicle, the decomposition taking place slowly, even at ordinary tem- 
jK'ratures. They are completely decomposed by alcoholic potash, yielding iodated 
hydrocarbons; r.g., iodide of ethylene, 0*11*1*, is resolved into hydriodic acid, III, and 
itslethylciie, 0*11*1. Their reactions with ammonia have not boon much examined, but 
they appear to be similar to those of the corresponding bromides. (See Ktiiyi knk- 
basf.s, ii. 585.) 

3. The organo-mctallic iodides resemble the corresponding bromides and 
chlorides; they are obtained in the manner above described by the action of metals and 
alloys on the alcoholic iodides under the influence of hent or light. 

XOOXDZIB OW NXTROOmr. See JonAMium (p. 208), 

IODZSS8 or VHOBPHOStrfl, BSLBVIUM, BtTLfHim, and TBLIV. 
&XXJM. See these several elements. 

XOBXlffSL Atomic weight, 127. Symbol, I.— -This element wrh discovered in 1812, 
by M. Courtois, of Paris, in the mother-liquor of kelp from which carbonate of soda 
had been prepart'd. Its chemical properties were examined by Clement and 
I>c»orme» (Ann. Chim. Ixxxviii. 304), and afterwards more completely by Davy 
< Hid. Trans. 1814, i. 74) and Gay-Lussac (Ann. Chim. Ixxxviii. 311, 310; xei. 5). 
Its name is derived from the Greek word W (violet), on account of the colour of its 
vapour. 

Iodine exists in many salt-springs and other mineral waters; also in sea-wafer, 
T'hich is the pjreat source of it. The proportion of iodine in sea- water is, however, so 
minute, that it can only be detected by operating upon very large quantities; but it 
In comes stored up in the bodies of marine plants and animals, especially in certain 
alga*, the Fuctts pafmatus, for example. These plants are collected on the coast of 
Scotland, Jersey, and other places, and burnt to ashes in a shallow pit to form kelp or 
varer, a substance which was formerly valued chiefly for the carbonate of sodium that 
't yielded; but now that this salt is more economically manufactured from chloride of 
sodium, kelp is chiefly valued for the chloride of potassium and the iodine obtained 
from it, especially the latter. Iodine exists in kelp in the form of iodide of potassium 
and iodide of sodium, which, being much more soluble than the other constituents, 
remain in the mother-liquor after the carbonates and chlorides have crystallised out. 

Iodine has also been found in certain land-plants ; e.g., in tobacco, and in a species 
of Sal sola, growing in the floating gardens on the fresh-water lakes near the city of 
Mexico. 

' »rious marine animals also contain iodine, vis., the common sponge, the horse- 
*P° n ge ; various species of Sertularia , Tubularity , llkizostoma , Cyana , Doris, Venus, mid 
oysters. It is also contained in cod-liver oil. the pale oil containing, according to I>« 
J ongh, 0*0374 percent, iodine, the pale brown oil 0 0400, and the brown oil 0*0296 per cent 

Iodine is likewise found in several minerals, vU., as iodide of mercury and iodide of 
silver; as iodide of potassium, sodium, or magnesium, in Chili saltpetre; as iodide of 
cmcium or magnesium in certain dolomites ; in the rock-salt of Haile in the Tytol, 
probably in the form of iodide of sodium ; and sublimes ns iodide of ammonium, 
Mother with sal-ammoniac, in the burning coal-mine of Commentiy. 
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1 Iodide of ammonium has been found in gas-water, in the coke left in the letOrta, 
and in the ashes of coal and peat from various localities. 

Chatin (Compt rend, ml 352; xxxi. 280; xxxii. 669; xxxiii. 619, 629, 681) has 
found iodine in the waters of various streams and rivers, in quantity increasing with 
the proportion of iron present, and more abundantly in the waters of volcanic dis- 
tricts than in those from the oolitic and limestone formations ; also in the rain-water 
of Paris, Pisa, Florence, and other localities ; but none in the rain-water of moun- 
tainous districts. He also states that it is sometimes present in the air in certain 
localities; but Lohmeyer (Phil. Mag. [4] vi. 237), Macadam (Chem. Soc. Qu. J. 
vi. 166) and others have failed to detect its presence in the air. Macadam has found 
iodine in commercial potash, in various samples of alkaline carbonates (used as reagents) 
in the ashes of wood- charcoal, in coals, and in numerous plants. 

Preparation. I. From varec or kelp. The material is exhausted with hot water ; 

the sdution is freed as much as possible, by evaporation and cooling, from the crys- 
tallised salts contained in it (chloride of potassium, chloride of sodium, carbonate of 
sodium, sulphate of sodium, &c.); and the mother-liquor — which, besides iodide of 
sodium, still contains sulphide and hyposulphite of sodium, and a portion of the salts 
already mentioned* — is subjected to one of the following processes : 1. It is heated in 
a subliming apparatus with oil of vitriol : 

2NaI + 2H 2 S0 4 - Na 2 S0 4 + 2H 2 0 + SO 2 + I*. 

This method is not very advantageous, because the sulphurous acid evolved acts upon 
the iodine and the water which is present, in such a manner as to produce hydriodie 
and sulphuric acids, (So u b c i r a n.) 

2. The mother-liquor is heated in a subliming apparatus with peroxide of man 
ganese and sulphuric acid (Wo lias ton) : 

2NaI + 2H 2 SO* + MnO 2 = Na 2 S0 4 + MnSO 4 + 2H 2 0 + I 2 . 

Mr. Whytelaw, of Glasgow, adds one measure of oil of vitriol, carefully and in smalt 
portions at a time, to eight measures of the mother- liquor contained in a leaden boiler 
. — whereupon, carbonic anhydride and sulphydrie acid (from the sulphide of sodium) are 
first evolved; and, after exposure to the air for a day or two, sulphurous anhydrido 
(from the hyposulphite of sodium) escapes, and sulphur is precipitated. He then 
pours off the liquid from the crystallised sulphate of sodium into a leaden cylinder 
placed horizontally in a sand-bath, and fitted with a head, the beak of which passes 
into the first of three tubulated receivers luted one into the other ; heats the mixture 
to 66° C. (149° F.); and, after adding the peroxide of manganese and putting on the 
head, gradually raises the temperature to 100°, but not higher, because at 118° 0. 
(244° F.) chloride of iodine begins to distil over. Sometimes also cyanide of iodine 
collects in the last receiver in white, needle-shaped crystals. The liquid which remains 
in the retort still contains iodine, and on cooling, deposits crystals of iodide of lead and 
double iodide of lead and sodium. 

3. The mother-liquor is evaporated to dryness, the residue heated with peroxide of 
manganese, and the iodine precipitated from the filtered solution by chlorine. This is 
Barruel’s method, which is carried out as follows: — The residue obtained by evapo- 
rating the mother-liquor to dryness is mixed with -fe of its weight of peroxido of 
manganese, and the mixture heated in ail iron vessel to commencing redness (stirring 
all the while), but not high enough to cause the evolution of vapours of iodine ; the 
heat is continued till a sample of the mixture treated with sulphuric acid no longer 
evolves sulphydrie acid or deposits sulphur; that is to say, till Jhe whole of the 
sulphide and hyposulphite of sodium are converted into sulphate. The mass is then 
dissolved in such a quantity of water that the solution may jgve a density corre- 
sponding to 36° of BaumA's hydrometer; chlorine gas is passe^firough the filtered 
liquid, which is constantly stirred, till a sample treated with mere chlorine no longer 
gives a precipitate of iodine (excess of chlorine would convert the iodine into chloride 
and redissolve it), and the pulverulent precipitate of iodine is collected on a filter, 
and purified by sublimation. Mohr is of opinion that a loss of iodine may occur in 
this process during the heating of the evaporated residue with manganese. 

4. The mother-liquor is precipitated by a copper-salt and metallic iron, and the 
cuprous iodide heated with peroxide of manganese (Souboiran). The mother-liquor 
is diluted with. water, and mixed with a solution of sulphate of copper, as long as any 
precipitate is produced : 

4NaI + 2CuS0 4 « 2Na*S0 4 + Cu 2 I* + I 2 ; 
the liquid containing the free iodine is separated by decantation and washing from 

• A mother-liquor from pare e. examined by Soubdran, contained no carbonate or sulphate; the prin- 
cipal mKi contained la it, ha addition to the iodide*, were the nitrate* of calcium and mafnealtun. 
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t ht precipitated cuprous iodide, and mixed with sulphate of copper and iron filings till 
it no longer smells of iodine ; 

I* + 2CuSO* + Fe 1 « Cu*I* 4- 2FeS0 4 ; 

and the cuprous iodide thus produced is quickly separated by olutri&tion from the 
excess of iron-filings and from the liquid, before the ferrous sulphate has time to 
oxidate in the air. The two portions of iodide, obtained as above, are next dried at 
a gentle heat (a stronger heat would decompose tho cuprous iodide, since it is mixed 
with basic ferric sulphate, and evolve iodine); tho wholo is mixed with twico or three 
times its weight of peroxide of manganese, and a sufficient quantity of sulphuric acid 
to form it into a paste; and the mixture is strongly heated in a subliming apparatus: 

Cu*I* + 2MnO* + 4SH*0 4 « 2CuS0 4 + 2MnS0* + 2H*0 + I*; 
or the sulphuric acid is dispensed with, and a stronger heat applied ; 

Cu*I 7 + SMnO* = 2CuO + Mu’O 4 + I 4 . 

In both cases, the iodine which passes over is accompanied by water derived from 
tho hydrated cuprous iodide, from the sulphate of calcium precipitated with it, ttnd 
from the sulphuric acid when it ia used in the process. This wafer holds in solution a 
portion of the iodine, which may l>e again precipitatM by sulphate of copper. By this 
process, 100 pts. of the mother-liquor yield 1 pt. of iodine. 

II. From the mother-liquor of the Caliche of J\ ru. — This mother-liquor contains* 


according to Reich ardt’s analysis : 




Nitrate of sodium 



. 23-300 

Chloride of sodium 



£-504 

Sulphate of magnesium 



2 214 

Chloride of magnesium 



. 1121 

Iodate of sodium 



0*4 40 

Water, given off at 100° 



. 57*400 

Combined water (and loss) . 



6*025 
100 ooo~ 


According to Gruneberg (J. pr. Chem. lx. 172), part of the iodine in this liquid is 
in the form of iodide of magnesium, which is decomposed, during the evaporation, into 
magnesia and hydriodic acid, thereby occasioning loss of iodine; this however may bo 
prevented by the addition of caustic soda. The liquor is then treated with iron filings 
and sulphate of copper (as in Soubeiran’s method) till tho whole of tho iodine is 
precipitated as ferrous and cuprous iodide: 

4NaIO* 4- 2CuS0 4 + F - Cu*I* + Fel* 4- 2FoSO‘ 4- lOFeO 4- 2Na*0 ; 

Itxl.ae of 
•n'lium. 

and the precipitate, which also contains oxychloride of copper, is distilled with peroxido 
of manganese and sulphuric acid. Tho receiver contains crystals of iodine and chloride 
of iodine. The latter is heated with carbonate of potassium, whieli separates all tho 
iodine, with formation of chloride and chlorate of potassium. 

Jacquelin and Favre extract the iodine from tho mother- liquors of caliche and com- 
mercial nitrate of sodium, by the following process, founded on tho action of sulphurous 
acid on the iodates : 

Mg(IO«)» 4- 6H*S0 f - MgSO 4 4- 411*80* + H j O 4- I*. 

The solution of the nitre haring been concentrated to3f»° or 37° Ihn., a sample of it is 
wix<d with aqueous sulphurous acid, cautiously and with constant, stirring, until all tho 
iodine is precipitated ; the quantity of sulphurous acid tiw<l is then noted; and from 
the data thus obtained, the manufacturing operations are managed. 

The volution of the nitre is run into a cistern built of stone or fire-bricks, and cloved 
with a cover coated on the under side with glass plates. The cistern is fitted with an 
agitator, having stoneware arms worked from above through the cover, while the solu- 
tion of sulphurous acid is being mixed v.ith the liquid. The iodine which precipitates 
is collected, washed, and sublimed as above. 

If tbe iodine is present in the form of iodide and iodate together, both chlorine and 
sulphurous acid must be employed, the necessary quantities having been previously 
ascertained by test-samples. If the iodate is present in the largest proportion, tha 
chlorine-wnter ia first used, and then the aqueous sulphurous acid; out whan the iodfta 
is the chief ingredient, the order of treatment is reversed. * # 

I IX From Mineral teaters. — The quantity of iodine existing in certain mineral 
waters and in spent Artificially iodised baths may be extracted by means of charcoal, 
which completely precipitate* free iodine on tho surface of its particles, where it 

v 2 



tea iodine; 

remains Axed like a dye upon cloth, rtnd*cannot^be rejnoYcd by heat, by chlorine^ 
or by water or alcohol either hot or cold. Animal charcoal acts most powerfully, but 
lamp-black is recommended for the purpose on account of its cheapness and its 
state of fine division. The water containing thp iodine-compound having been treated 
with a mixture of 1 pt. sulphuric tq 2 pts. nitric acid, to set theiodine free, ig 
run on to a filter filled with charcoal, and the charcoal thus iodised is placed upon 
another filter, where it is mixed with hydrated protoxide of iron, whereby the iodine is 
converted into soluble iodide of iron, which may be obtained in the solid state by eva- 
porating in a current of hydrogen, or distilled with peroxide manganese and sulphuric 
acid in the usual way, to obtain iodine. 

Purification. — The iodine obtained by either of the preceding processes may be 
purified by washing with a small quantity of water, pressing between paper, drying 
and subliming a second time. According to Serullas, the iodine of commerce may bq 
completely purified by solution in alcohol, filtration, and precipitation with water. * 

For further details relating to the manufacture of iodine, see Richardson and Watts* s 
Chemical Technology , vol. i. part 3, pp.' 562-575. 

Properties. — Iodine is at- ordinary temperatures a crystalline solid, having a greyish- 
black colour and metallic lustre, like plumbago or specular iron-ore. It is transparent 
■only in very thin slices, and then appears red by transmitted light. It is very soft, 
and easily pulverised. It crystallises by sublimation in large brilliant, rhomboids! 
plates, or in elongated octahedrons. Finer crystals are obtained from solution, as by 
exposing to the air an aqueous solution of liydriodic acid, or a solution of iodine in ethor. 
The crystals belong to the trimetric system, having their axes in the ratio of 4 : 3 : 2. 

Iodine melts at 107° C. (224-6 F.), and solidifies in a lamellated mass on cooling. 
It boils (when immersed in strong sulphuric acid) between 175° and 180° C. (347°- 
366° F.). In the open air it volatilises at ordinary temperatures, especially when 
moist, diffusing an odour having considerable resemblance to that of chlorine, but 
easily distinguished from it. Its vapour lias a splendid violet colour (hence the name 
of the substance). Ihe saturated vapour is so deep-coloured, that a stratum fourinclies 
thick is impervious to daylight or candlelight. The colour is seen to great advantage 
when a quantity of iodine is thrown upon a hot brick. Iodine-vapour is one of the 
heaviest of gaseous bodies, its specific gravity referred to air as unity being 8*716 
according to the experiments of Dumas, and 127 x 0*0693 = 8*801 by calculation 
from the atomic weight 

Iodine dissolves but sparingly in water , 1 pt. of iodine requiring 7,000 pts. of water 
to dissolve it at ordinary temperatures. Alcohol and ether dissolvo it more readily, 
forming dark brown liquids. The alcoholic solution yields crystals of iodine by eva- 
poration, and is decomposed by water, which throws down the iodine as a brown 
powder. Iodine ulso dissolves with facility in water containing soluble iodides , or 
nitrate or chloride of ammonium , tlio solutions having a deep red colour. A liquid 
containing 20 grains of iodine and 30 grains of iodide of potassium in an ounce of 
water, is known as Lugol’s solution, and is preferred in medicine to the alcoholic 
tincture, because it is not decomposed by dilution with water. Iodine is soluble in 
sulphide of carbon, a very small quantity of it being sufficient to impart to the liquid a 
very rich violet tint. 

Iodine in its chemical reactions resembles chlorine and bromine, but is less energetic, 
and is displaced from most of its combinations by either of those bodies. It destroys 
colouring matters but slowly, and does not decompose water under the influence of the 
sun’s rays. It exerts a destructive action on organic tissues, producing a deep yellow 
brown stain on the skin, paper, &e. This colour disappears afteif a while under the 
influence of heat, if the contact has not been too much prolongs^!. 

Iodine forms with starch a compound of a deep blue coloujjiplublo in pure water, 
but insoluble in acid and alkaline solutions. Its production ^dbrds an exceedingly 
delicate test of the presence of iodine. If the iodine is in the free state, the blue 
colour is at once produced, but if it is in combination as a soluble iodide, no coloration 
takes place till the iodine is liberated by chlorine or nitrous acid (see Iodides, Metallic, 
p. 287). The blue compound is decolorised at a temperature of 70° or 80° C. (158°- 
170° F.) f but recovers its colour us the liquid cools. 

Iodine is employed in the laboratory for many chemical preparations, and as a test for 
starch. It was first introduced into medicine by Coindet of Geneva, who employed it 
with success for the treatment of goitre, either dissolved in alcohol, or in solution of 
iodide of potassium, or as iodide of sodium ; and since that application, most mineral 
waters to which the virtue of curing goitre was ascribed, have been found to contain 
iodine (Boussingnult, Ann. CIi. Phys. liv. 163). On the other hand, Lohmeyer 
(Phil. Mag. [4] vi. 237) fuiled to detect iodine in the air and water of certain moan- 
Lai nous districts which are peculiarly free from goitre. Iodine appears to have a specific 
action in causing the absorption of glandular swellings, and is also administered as a 
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touie Iodine swallowed in the solid state causes ulceration of the mucous membrane of 
the stomach, apd death. 

Iodine is extensively used in photography. The sensitive film of the daguerreotype 
plate consists of iodide of silver, produced by opposing a polished plate ofthe metal to' 
the action of iodine- vapour ; and surfaces of napefc oollodiou, albumin. See. are rauderad 
capable of taking photographic pictures by dipping Them first iu a solution of nitrate of 
silver and then in iodide (or sometimes bromide) of potassium. 

ZOOnrSt BlOMZDlg OF, Iodine forms with bromine a solid, volatile, 
crystalline compound, probably a protobromide, IBr (Balard), and with excess of 
bromine, a dark brown liqifid, soluble in water, probably » pentabromide, IBr* ^Lbwig). 
On exposing the pentabromide together with a small quantity of water to a temperature 
below 0°, a crystalline hydrate is formed which at + 4° is resolved into water uud 
bromide of iodine. (Lowig.) 

lOBIHBt CBLOBXDB8 OF. Iodine unites directly with chlorine, forming A 
protochloride and a trichloride, and perhaps also a pentaehloride. Thera is also a 
tetrachloride produced by decomposition of the prutochloride. 

Protoehlorlde. ICL — Of this compound there are said to be two modifications, 
one liquid at common temperatures, the other solid ; but the differences observed are 
perhaps duo to the presence of small quantities of foreign Hubatauces, or to slight 

variations ill tho proportions of the chlorino and iodine. It is obtained : 1. By 

passing dry chlorine gas over dry iodine till tho whole is liquefied, but no longer. - 
2. By distilling iodino with chlorate of potassium, oxygen l*«ing then evolved, the proto- 
chloride distilling over, and a mixture of chloride, iodate, and perchlorate of potassium 
ramaiuing behind (Berzelius): 

V + 3KC10* - KCIO 1 + KIO 1 + KC1 -» O* + Id. 

Tlie protochloride of iodino obtained by either of these processes is described as a 
reddish-brown oily liquid, and nothing is said about its solidification (Gmelin's 
Handbook , ii. 346). According to J. Trapp also (J. pr. Chcm. Ixiii, 108), the 
liquid protochlorkle obtained as above does not solidity. But P. Schiitx enberger 
(Zcitscnr. Chein. Pharm. 1862, p. 1) by passing dry chlorine in tho cold over dry 
iodine (100 grms.) till it was liquefied, then adding more iodino (60 grins.), distilling 
between 100° and 102°, and rectifying between the same limits, obtained a liquid 
which crystallised in long needles when cooled to 10° in an open vessel, but if sealed 
up in a flask before it had time to solidify, retained its fluidity for 24 hours oven when 
cooled to between 2° and 3°, and when the flask was opened, solidified suddenly, with 
rise of temperature; like a supersaturated solution of Glauber's salt. The crystals 
when exposed to the air, melted ut 30° and solidified again at 26°. A similar result 
was obtained by introducing 31 grms. of iodine into a flask containing 87 grms. of 
chluriue (quantities proportional to the atomic weights). The whole of the chlorine 
was rapidly absorbed, and a liquid w jik formed which remained unaltered for many 
hours at 6° or 6°, but ultimately solidified completely. — By distilling iodine with 
chlorate of potassium, Schiitzetiborger likewise obtained a dark-colourod liquid which 
quickly crystallised. 

Trapp ( loc cit.) has also obtained the protochloride of iodine in tho solid state by 
strongly heating iodine in a retort till it melted, and passing a stream of dry chlorine 
into the iodine-vapour till all the iodine hud disappeared ; the upper part of the retort 
then became filled with a thick red-brown vapour, and the solid protochloride of iodine 
collected in the receiver in large, hyacinth-rad, transparent prisms and tables, which 
melted at 25° to a red-brown oily liquid. 

Protochloride of iodino is very volatile ; has a pungent odour of chlorine and iodine; 
attacks the eyes strongly; tastes slightly acid, strongly astringent and biting; stains 
the skin deep-yellow, and produces smarting. It decolorises indigo and litmus, but 
does not give a blue colour with starch . It deliquesces in the air, and according to 
Gay-Lussac, dissolves easily in water without decomposition ; according to Schitheen- 
bejver, on the other band, it is decomposed by water, yielding iodic and hydrochloric 
•cida, with separation of iodine, and formation of sn iodised compound, which remains 
dissolved in tne water, but may be extracted therefrom by ether. The protochloride 
dissolves in alcohol and in ether , forming yellow solutions. 

Protochloride of iodine sometimes decomposes spontaneously into the tetrachloride 
end free iodine : 4IC1 — ICP + I* (Kkro merer, J. pr. Chem. lxxxiii. 88). — When 
heated, it gives off the trichloride, leaving a residue of pure iodine : 3IC1 ** I Cl* + I* 
(Kane, Phil. Mag. [3] x. 430). Sulphurous and sulphydric acids decompose it with 
reparation of iodine. With aqueous solutions of the fixed alkalis it yields a chloride 
and iodate and free iodine : 

6KHG + 6IC1 - 6KC1 + KIO* + 3H*0 + I\ 

4be iodine however dissolving in excess of the alkali in the form of iodide and iodate, 
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—With' aqueous ot alcoholic ammonia , it yields raridus iodamides (the so-e&lled iodi des 
of nitrogen (p. 289), according to the proportions used and the manner in which the 
reaction takes place, e.g. : * ^ 

31 Cl + NH* - 3HC1 + NI*. (Mitscherlich.) 

2IC1 + NH* - 2HC1 + NHP. 

IC1 + NH 3 - HC1 + NH 2 I. 

31 Cl + 2NII* - 3HC1 + NP.NH*. (Bunsen.) 

Mercuric chloride added to a concentrated aqueous solution of protochloride of iodine 
throws down mercuric iodide, leaving trichloride of iodine in solution (Kane): 

4IC1 + HgCl* - HgP + 21 Cl 3 . 

Stannous chloride added in small quantity to the concentrated aqueous solution, pre- 
cipitates iodine, and is converted into stannic chloride : but on adding a larger 
quantity of the stannous chloride, the iodine disappears, and stannous iodide separates 
in brilliant orange-coloured needles (Kano) : 

2IC1 + SnCl* = P + SnCl\ 

2ICI + SSnCl 2 = SnP + 2SnCl 4 . 

Protochlorido of iodine acts very readily on many organic compounds, the chlorine 
taking up an atom of hydrogen to form hydrochloric acid, and the iodine taking its 
place. In this way, many iodinc-substitution-compounds may be obtained which could 
not be formed by the action of iodine alone ; e, g iodopyromeconic acid, C*H*IO* f from 
pyromeconic acid , C 4 H 4 0 3 (J. Brown, Edirib. Phil. Trans, xxi. [1] 49); mono- and 
di-iodophenic acids, from pkenic acid , C®H B 0 (Sengenwald, Compt. rend. liv. 197). 
On the alcoholic hydrides , hydride of heptyl for example, protochloride of iodine acts 
in a manner opposite to that just mentioned, converting them into chlorides, with 
elimination of hydriodic acid (Scliorleramer, p. 144). In some cases, chloride of 
iodine unites directly with an organic compound, with ethylene, , for example, forming 
chloriodide of ethylene, C*H 4 C1I (Maxwell Simpson, Proc. Roy. Soc. xii. 278). 
According to Geuther, however (Ann. Ch. Pharm. cxxiii. 123), when dry coal-gas is 
passed over fused protochloride of iodine, the ethylene contained in it is converted into 
dichloride of ethylene : 

Cm* + 2IC1 = C*H 4 Cl a + P. 

From iodised organic compounds it sometimes takes away one or more atoms of iodine, 
replacing them by chlorine ; thus it converts iodide of ethyl into chloride of ethyl 
(Geuther): 

CH?I + IC1 = C 2 H 5 Cl + P; 

di~iodide of ethylene into chloriodide of ethylene (M ax well Simpson) : 

0*H 4 P + IC1 = OTPICi + I 3 ; 

or into dichloride of ethylene (Geuther): 

C 2 H 4 P + 2IC1 = C 3 H 4 CL 3 + I 4 . 

Benzene, C*H d , is violently attacked by protochloride of iodine, yielding .chiefly 
crystalline chlorinated products of high boiling point, together with iodated bcnles and 
free iodine. 

Trichloride. IC1 3 . — This compound is produced: — 1. By treating iodine at a 
gentle heat with excess of chlorine gas. — 2. By introducing finely divided iodic anhy- 
dride into dry hydrochloric acid gas ; the mass then liquefies and boils, and on cooling 
deposits trichloride of iodine in long needles (Soru lias) : # 

PO» + 10HC1 - 2IC1 3 + 5H*0 +/C1\ 

Also by mixing the crystallised iodic acid or anhydride with hydrochloric acid, 

the trichloride then crystallising out. (Soubeiran.) 

Trichloride of iodine is orange-yellow, and crystallises on cooling after fusion in long 
needles (S e r ul 1 a s). It acts on other substances in the same manner as the protochloride 
(Kane); decolorises solution of indigo ( G a y-L u s s a c) ; does not turn starch blue, except 
on the addition of an aqueous solution of stannous chloride, or other dechlorinating 
substance, which sets the iodine free. 

It melts at a temperature between 20° and 25°, evolving chlorine gas, which it again 
absorbs on cooling (Serullas). In contact' with a very small quantity of water, it is 
partly resolved into an insoluble yellowish portion (probably a mixture of trichloride 
of iodine and iodic anhydride), and a solution of protochloride of iodine and hydro- 
chloric acid (Serullas) : 

4IC1* + 6H*0 ~ 10HC1 + 1*0* + 2ICL 

Trichloride of iodine is less readily dissolved by water than the protochloride; the 
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palurated solution may be regarded either as aqueous trichloride of iodine— which is 
the more probable supposition ; or as a mixture of hydrochloric acid and iodic arid 
containing free iodine ; or as a mixture of hydrochloric acid and on acid of i odine 
which contains 2 atoms of oxygen ‘(iodous arid): 

6IC1* + 9H*0 - lfiffei + 8HIO* + I* 

Iodic acid. 

or IC1* + 211*0 - 3HC1 + H10*. 

lodou* 

Held. 

A similar solution is obtained on passing chlorine gits to saturation, through 1 pt. of 
iodine diffused in 4 pts. of water, the mixture being kept cool, and the excess of 
chlorine afterwards removed by a current of atmospheric air. The solution, when 
saturated with chlorine as completely a a possible, 1ms a bright yellow colour and 
contains rather more than 3 atoms of chlorine to 1 atom of iodine, because the water 
gives rise to the formation of a small quantity of hydrochloric acid and iodic acid 
(Soubeiran). Solution of trichloride of iodine may also bo prepared by precipitating 
an aqueous solution of the protochlorido with mercuric chloride, and distilling the 
liquid after decanting it from the precipitated iodide of mercury. 

When an aqueous solution of trichloride of iodine is gradually mixed with sulphuric 
neid, and the vessel kept cool, t lie trichloride separates in the form of u white curdy 
mass, which afterwards assumes an orange-yellow colour ; on heating the mixture, ft 
dissolves, but separates again as the liquid cooIb ; on distilling the mixture, the tri- 
chloride passes over (Serullas). Ether does not separate trichloride of iodine from 
an aqueous solution (Dumas) ; but if protocliloride of iodine is also present, the ether 
takes up the trichloride in company with it, provided the solution is not too dilute 
(So ru Hash An aqueous solution of trichloride of iodine neutralised with a fixed 
alkali, yields a chloride, an iodate, and a precipitate of iodine, which redissolves in Ml 
excess of alkali in the form of iodide and iodate (Liebig) : 

5IC1* + 18K1I0 = 1«5KC1 + 3KI0* 4- I* 4 9H*0. 

On mixing tbe aqueous solution with an aqueous solution of neutral iodate of polonium 
and then adding alcohol acid iodate of potassium is precipitated (Serullas). An 
aqueous solution of trichloride of iodine agitated with a amall quantity of oxide of 
eiftn r, yields chloride of silver and iodic acid ; when a larger quantity of oxide of silver 
is used, the chloride of silver is mixed with iodato (Serullas), and iodide of silver is 
probably formed at the same time : 

3IC1* + 5Ag*0 + 11*0 - 9AgCl r Agl + 2HI0*. 

Silver-leaf is converted by aqueous trichloride of iodine into chloride and iodide of 
silver (Serullas). When aqueous trichloride of iodine is mixed with a small 
quantity of a solution of stannovs chloride, a precipitate of iodine is obtained, soluble in 
excess of the tin-salt. (Kane.) 

Trichloride of iodine unites with metallic chlorides. (Filhol.) 

Tetrachloride. JCF. — Produced by spontaneous decomposition of the liouid 
protocliloride, 4101 — JCF + I*. Crystallises in red octahedrons, the free ioa In* 
separated at the same time remaining dissolved in the mot her- liquor. (Kiimraorer, 
J. pr. Chem. lxxiii. 83.) 

Tentnolilorldo. JCP, — Not known in the free state. Dry iodine cannot be made to 
combine with 6 atoms of chlorine (Liebig). Iodine diffused in 4 pts. of water does 
not absorb much more than 3 atoms of chlorine, and the yellow solution obtained yields a 
precipitate of iodine when saturated with alkalis (Soubeiran). The same results are 
obtained when the quantity of water is 8 or 10 times as great as that of the iodine. 
If, however, the iodine be diffused through a still larger quantity of water, 20 pts. far 
instance (Soubeiran), the iodine combines with 6 atoms of chlorine; the solution in 
this case is colourless, or merely coloured yellow from excess of chlorine, which may be 
removed by a current of air; it exhibits nil the properties of a solution of hydrochloric 
and iodic acids (Liebig, Soubeiran, L. Thompson); 

I 1 4- Cl ,f 4- 6H*0 - 10HCI 4- 2HI0*. 

A solution of the same kind is obtained on mixing dilate hydrochloric and iodic acids. 
It smells strongly of chlorine and slowly decolorises a solution of indigo (Gay-Lussac). 
Strong sulphuric acid precipitates trichloride of iodine from it and liberates chlorine. 
(Sou! >eiran.) 

XOBSm, BSTSCTSOV ANS SSTZMATI02T OF, Iodine in the tm 
state is easily recognised by the violet vapour which it gives off when heated, and by 

reaction with starch. The starch for this purpose should be perfectly colourless ; « 
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may be prepared by boiling potato-starch or arrow-loot with water and leaving it to 
cool. To obtain a delicate reagent, champ (Zeitschr. Analyt. Chem. L 466), recom- 
mends the following mode of preparation. Gelatinous starch is boiled with a quantity 
of concentrated potash-ley equal to fa of the weight of the dry starch contained in it, 
till it has become perfectly fluid ; the liquid is then diluted with water, supersaturated 
with acetic acid, and precipitated with alcohol ; and the bulky precipitate is boiled first 
with alcohol of 60 vol. per cent, then washed, first with alcohol acidulated with sul- 
phuric acid, then with pure alcohol of the same strength, and dried. For use, the dried 
preparation is to be suspended in hot water. 

When iodine exists in solution in the form of hydriodic acid or a metallic iodide, it 
may be separated by the addition of chlorine-water, sulphuric acid, or nitric acid, and 
will then give the blue colour with starch. When chlorine- water is used, care must be 
taken not to add an excess, as a chloride of iodine will then be formed which will not 
exhibit the starch reaction. (See Iodides, p. 287.) 

The methods of detecting iodine in insoluble iodides, and in presence of oxygen, 
sulphur, phosphorus, &c., are the same as those employed when it is to be estimated 
quantitatively. 

Quantitative Estimation . — Iodino in the free state is best determined by moans 
of a standard solution of sulphurous ucid (see Analysis, Volumetric, i. 266). When it 
occurs in the solution in the form of hydriodic acid or a metallic iodide, it may either 
be set free by chlorine-water and estimated volume trically in the same manner ; or it may 
bo precipitated by nitrate of silver in the same manneras chlorine and bromine (i. 677, 
903). 100 pts. of iodide of silver correspond to 64-128 pts. of iodine. 

It may also be precipitated as iodide of palladium, by mixing the solution with 
chloride or nitrate of palladium. A black precipitate then falls, which settles down 
slowly but completely, and when ignited, leaves metallic palladium, 100 pts. of which 
are equivalent to 239*62 pts. of iodine. 

This last method of precipitation serves also to separate iodine from bromine and 
chlorine. If the chlorine is also to be estimated, the precipitation must of course be 
made with nitrato of palladium, not with chloride. If bromine is present without 
chlorine, the iodine must be precipitated with chloride of palladium, because the nitrato 
would precipitate bromine as well as iodino ; the precipitation of the bromine may 
•however be prevented by the addition of a soluble chloride. To estimate the chlorine 
and bromine in the filtered liquid, the excess of palladium is removed by sulphydrie 
acid and the excess of the latter by moans of nitric acid or a ferric salt. The bromine 
and chlorine may then be precipitated by nitrate of silver, and the precipitate treated 
in the manner already described (i. 903). Iodino may also be estimated in presence 
of chlorine by the method already described (i. 678) for the estimation of bromine, viz., 
by precipitating the two elements with nitrate of silver and heating the silver precipi- 
tate in a stream of chlorine. The quantity of iodine is equal to the loss of weight 
127 

multiplied by 127 _ 36 ., .— 1-28. 

A precisely similar method may be applied to the determination of iodine in presence 
of bromine, the precipitate of iodide and bromide of silver being ignited in bromine- 

127 

vapour, and the loss of weight multiplied by — - — « 2*70. 

lz/ — 80 

For other methods of estimating iodine in presence of chlorine and bromine see 
i. 678. 

The method of decomposing insoluble iodides , so as to obtain the iodine in solution, 
are similar to those adopted for insoluble bromides (i. 678). . • 

lodates and periodates are reduced to iodides by the action of sulphurous or sulphydrie 
acid. To decompose them by ignition would not give accuratCaesults, as u portion of 
the iodine would be driven off. 

The compounds of iodine with phosphorus, arsenic and antimony may be decomposed 
and analysed by treating them with water or aqueous alkalis, whereby the iodine is 
converted into hydriodic acid, and may then be precipitated with nitrate of silver from 
a solution acidulated with nitric acid. The iodides of sulphur are most readily 
analysed by heating them in a combustion-tube with nitrate of potassium and carbonate 
of sodium, whereby the iodine and sulphur are converted into metallic iodide and sul- 
phate. (Guthrie, Chem. Soc. J. xiv. 69.) 

Iodine in organic compounds may be estimated in the same manner as chlorin* 
(L 247). In the more easily decomposible compounds, such as the iodated organic 
acids, the iodine may also be determined by decomposing the compound with water and 
sodium-amalgam, then acidulating the solution with nitric acid, and precipitating with 
nitrate of silver. The same method may be applied to the corresponding bromine- and 
, chlorine -compounds. (KekuU, Ann. Ch. Pharm. Suppl. i. 338.) 
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Atomic Weight of Iodtne.—' The earlier attempts to determine the atomic weight of 
this element* by Proust) Davy, Gay-Lussac and Berzelius, gave results varying from 
84 to 126, that is to say, considerably below those obtained by more recent determina- 
tions. Millon, by igniting iodate of potassium and iodate of silver, and weighing the 
remaining iodides, obtained the number 126*47 ; but the result is not quite exact be- 
cause the iodides themselves are partly decomposed by ignition. 

The most exact determinations nave been made by M a ri g n a o (Bibl. uni v. de Gen&vr 
xlvi. 367) and Dumas (Ann. Ch. Pharm. cr. 93). Marignac determined the quantity 
of iodide of potassium required for precipitating a known quantity of silver from the 
nitrate, and found, as the mean of five closely agreeing experiments, that 100 pts. silver 
arc precipitated from the solution of the nitrate by 15374 pta. iodide of potassium ; 
whence the proportion 100 : 153 74 =» 108 : x givea 166 04 for the atomic weight of 
iodide of potassium; and this diminished by 39*2, the atomic weight of potassium gives 
fur that of iodine the number 126 84. 


In another set of experiments, Marignac determined the quantity of iodide of silver 
precipitated by iodide of potassium from a known weight of silver dissolved in nitric 
acid. As the mean of three closely agreeing experiments, ho found that 100 pts. of 
fiilvnr ffivfi 217*511 nts. Ai?I : honrn tlin ntnmir* ..'I..... 


silver give 217*511 pts. Agl 
217-511 x 108_ 2349li wh . ch 


henco the atomic weight of iodide of silver is 
diminished by 108, gives for iodino the number 


100 
126*91. 

Dumas decomposed pure iodide of silver by ignition in a stream of chlorine, and 
weighed the chloride of silver thus produced. In one experiment 3*520 grins, iodide 
of silver gave 2149 chloride ; in another 7 01 1 iodide gave 4*281 chloride. Both these 
results give for iodine the atomic weight 127, which is the number now adopted. 


XODUI 1, OXIDES An OXYOBN-ACIDB 07. The sericH of oxidised com- 
jMJunds of iodine is not as yet so complete as that of chlorine. The following have been 
described and analysed with more or less accuracy : 


Acids. 


Hypo-iodous acid 

• 

♦ 

. HIO 

Iodic acid 



. HIO* 

Periodic acid 

, 

, 

. HIO* 


Oxid< a or Anhydrides. 

Mil Ion’s Sub-hypo- iodic acid . I ,# O lf 
Periodic oxide (Millon’s Hy- f T ~, 
po-iodic aerd) jlO’orl'O' 

Intermediate Iodic oxide . . I - ^* 

Iodic nnhyd ride .... IW 
Periodic anhydride . . . DO*. 


Of these, the only compounds whose composition has been established with certainty 
sre iodic and periodic acids, with their corresponding anhydrides and salts. The ex- 
istence of hypo-iodous acid and of periodic oxide has been rendered probable by experi- 
ments which will bo presently described. The remaining oxides, and DO'* are 

of very doubtful constitution: the substances analysed were perliaps impure periodic 
oxide, or the last may have been iodic anhydride containing excess of iodine. 


Hypo-iodous acid, HIO? 

An oxygen-acid of iodine corresponding to hypoohlorous acid appears to exist, but 
neither the acid nor its salts have yet b<*>n obtained in definite lorm. According to 
Magnus and AmmermuUer, disodic periodate gives off part, of its oxygen when ignited, 
and yields a residue, the solution of which in cold water possesses bleaching properties 
(p. 310). Mitscherlich (Pogg. Ann. xi. 162; xvii. 481), hy dissolving iodine in 
moderately strong soda-ley, till the liquid began to show colour, and evaporating at a 
low temperature, obtained a salt consisting of Na*I 7 0*. 1011*0, which however might 
hare been a mixture composed of iodide and iodate of sodium : Nal.NalO* 10lI*O ; in 
fact the salt when treated with alcohol is resolved into soluble iodide and insoluble 
iodate. Wohler (Pogg. Ann. viii. 96), by distilling iodine with anhydrous peroxido 
of barium, obtained a yellow liquid which he regarded as hypo-iodous acid, or rather 
anhydride. (Vid. Gm. ii. 252.) 

, According to Schonbein (J. pr. Chem. Ixxxiv. 385), when 1 at. iodine is dissolved 
in an aqueous solution of 1 at potash, the formation of iodate of potassium does not 
take place immediately, but is preceded by that of hypo-iodite of potassium, just as in 
the case of chlorine; the solution, which has the odour of saffron, and exhibits 
properties similar to those of the hypochlorites, is however very unstable, the hypo- 
wxlite being resolved, gradually at ordinary temperatures, and instantly at the boiling 
heat, into iodide and iodate: 3KI0 ■» 2KI ■+> KIO*. Schonbein also fnds that 
hypo-iodite of ammonium is formed by the action of iodine on excess of ammonia. 

According to Lenssen and Ld went hal (J. pr. Chem. lxxxvi. 216), hypo-iodous 
ac»d is contained in the solution formed by the action of carbonate of sodium (or other 
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alkaline liquid) on trichloride of iodine, which is yellow, reddens benzene, colours starch 
blue, and contains a salt having the composition Nal*0 or NalO.P, that is, hypo- 
iodite of sodium with 2 atoms of free iodine, on the removal of which, either by excess of 
alkali, sulphurous acid, benzene, or other reagents, the hypo-iodite of potassium 
is immediately resolved into iodide and iodate. The alkaline solution of hypo-iodoua 
acid is decomposed by iodide of potassium, yielding free alkali and free iodine, accord- 
ing to the equation : 

KI + tfalO + H 2 0 = KHO + NaHO + I*. 

The subject requires further examination. 

Periodic oxide , 10 s , and Oxides nearly allied to it in composition . 

Periodic oxide is obtained, according to Mi 11 on, by treating with dilute alcohol the 
powder (p. 299) produced by tho action of fuming nitric acid on iodine, regarded by 
Hammerer as nitroso-iodic anhydride, I 2 0 4 (N0) 2 . 

When iodic anhydride is heated with 5 pts. of strong sulphuric acid, till a few 
bubbles of oxygen are given off, a scaly sulphur-yellow substance is formed, which 
appears to consist of 4F0 i .2I0 2 .S0‘H 2 . If the boiling be continued, the evolution of 
oxygen goes on, and crystals are formed, having a much deeper yellow colour than the 
preceding, and apparently consisting of 2F0M0 2 S0*H. Water decomposes both 
these compounds into sulphuric acid, iodic acid, and iodine. By continuing the action 
of the sulphuric acid till iodiue begins to escape as well as oxygen, two other 
compounds are formed, to which Millon assigns the formulae 2I0‘ S .2S0*.H :! 0 and 
I ,0 O ,B .10SO*.H 2 O. These substances, subjected to the action of moist air, appear to 
yield the compounds IO 2 and I I# O 10 in the free state. To the latter, Millon gives the 
name sub-hypo-iodic acid [ anhydride ]. 

When sulphurous anhydride is allowed to act upon iodic anhydride longer than is 
required to form the compound 5I 2 O a .SO* (p. 299), a large quantity of iodine is 
separated, and a lumpy adhesive mass is formed, which, if left for a day standing over 
water in a bell-jar, then washed with alcohol and with water, leaves an oxide of iodine 
containing I*0 ,a , contaminated with a small quantity of sulphuric acid. It is a brown- 
yellow powder which does not decompose in the air, but absorbs a small quantity of 
water from it. Dilute nitric acid dissolves it, with separation of iodine; fuming nitric 
acid converts it into iodic acid. When heated to 100°, it splits up into iodine and iodic 
anhydride: 6I B 0‘* =■ 13I 2 0 5 + I 4 . Water decomposes it slowly at ordinary tem- 
peratures, quickly at 100°, into iodine and iodic acid. 

Aqueous alkalis act in the same manner; but alcoholic alkalis do not act upon 
it at ordinary temperatures. This circumstance distinguishes it from the oxides 
IO 2 and I 10 O ,B above-mentioned, which, according to Millon, form with alcoholic 
potash, brick-red easily docomposiblo salts. Absolute alcohol, ether, acetic other, and 
sulphide of carbon are likewise without action on the oxide I*O l# , even at the boiling 
beat. (Hammerer, J. pr. Chem. lxxxiii. 72.) 

Iodic acid. Anhydride and Salts. 

Xodle Jk old. HIO*. (Qm. ii, 253.)— This acid is produced by the action of oxi- 
dising agents upon iodine in presence of water or alkalis. According to Pettenkofer 
(Jahresber. 1857, p. 581), it is sometimes found in commercial nitric acid (the iodine 
being doubtless derived from tho Chili saltpetre used in the preparation). According to 
Cliche (Compt. rend. xlvi. 348), it is produced by the electrolysis of aqueous hydriodie 
acid or aqueous iodine ; in the former case, the hydriodie acid is simply oxidised to HIO* 
by oxygen evolved by the decomposition of the water ; in the latter the iodine is first 
converted into hydriodie acid, which is then oxidised in the manner just mentioned. 
It is also produced by the action of iodine on chloric or bromic Acid. (K am merer, J. 
pr. Chem. lxxxv. 452.) £ ~ 

Preparation. — 1. Small quantities of iodic acid are conveniqPJy prepared by heating 
iodine with the strongest nitric acid free from nitrous acid in a wide glass tube, ana 
leaving the liquid to cool. Iodic acid is then deposited in crystals (Conn el). 
Jacquelain (Ann. Ch. Phys. [3] xxx. 332) recommends this as the best mode of 
preparing iodic acid in all cases. He heats 5 grras. of diy iodine in a flask with 
200 grins, nitric acid of specific gravity 1*6 to 60° for an hour; decants the supernatant 
liquids (the upper consisting of nitric acid containing pemitric oxide, the lower of a 
red-brown solution of iodine in nitric acid) from the separated iodic acid ; distils these 
liquids down to one-sixth ; and gently heats the residue, together with the myst&llised 
iodic acid, in a vessel in which it is protected from dust ; iodic anhydride then separates 
in nacreous crystals.— 2. For preparing larger quantities, Liebig's method is, however, 
generally preferred. It consists jfn suspending an ounce or two of pulverised iodine in 
a pound of water, and passing a stream of chlorine through the liquid, till the iodine 
is completely dissolved : 

6HK> + 5C1 2 .+ I* * 10HC1 + 2HIO*. 
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The brown strongly acid liquid is then slightly'supersaturated with carbonate of sodium, 
whereby a considerable quantity of iodine is precipitated, which may be collected on 
a filter, then suspended in water, and treated with chlorine as before. The filtered 
solution contains iodate and chloride of sodium, with a trace of carbonate, which may 
be neutralised by hydrochloric acid. On afterwards adding chloride of barium to the 
filtered liquid as long as a precipitate is formed, the whole of the iodic acid is thrown- 
down as iodate of barium, which may be collected on a filter, dried, and then decom- 
posed by boiling it for half an hour with 2 pts. of oil of vitriol diluted with 10 or 12 
pt8. of water. The iodic acid thus liberated dissolves in the water, and the solution 
filtered from the sulphate of barium and evaporated at a gentle boat, yields the acid in 
the form of a crystalline mass. K am merer (J. pr. Chem. lxxix. 94) dissolves iodine 
in hot saturated baryta-water ; filters the solution of iodide of barium fr\>m the sepa- 
rated iodate; passes chlorine through the filtrate (which at first precipitates iodine, but 
in a state of very fine division, so that it is very quickly oxidised), ana thereby converts 
the whole of the iodide of barium into iodate, from which the iodic acid may then be 
separated by sulphuric acid. — 3. Another very good method of preparing the acid is to 
digest 4 pts. of iodine with 7‘5 pts. of chlorate of potassium in 40 pts, of water acidu- 
lated with 10 pts. of nitric acid, and heat the liquid sufficiently to cause rapid evolution 
of chlorine. In a short time the iodine is completely oxidised, and the iodic acid thna 
formed may be precipitated by baryta, and separated again by sulphuric ucid. The 
largest crystals are obtained when the solution contains a slight excess of sulphuric acid. 

The crystallised acid. III O 3 or FOMFO, when exposed to a heat of 130°, or digested 
in absolute alcohol, is partly resolved into water and iodic anhydride, which remains 
combined with the iodic acid, forming the compound POM1IO* or 3FOMFO: 

31110 s - POUIIO* + IPO, 

which at 170° suffers further decomposition, yielding water and iodic anhydride. 

Iodic anhydride, FO 4 , crystallises in forms belonging to the trimetric system, 
and often reduced to the tabular form by the predominance of two parallel faces ooP. 
For P the ratio of the principal to the secondary axes is 1 : 07686 : 0 7122. Angle* 
P : P in the terminal edges «= 99° 22', and 106° 12'; in the Litoral edges ■» 126° 7'; 
cxP : ceP = 93° 37'. The pyramidal faces occur sphenoVdo-hemihedrally. Cleavage 
perfect parallel to ; imperfect parallel to I s oo (Sch a bus, llcatiinmung dtr 
KrystaHgcutalUn in chnnisehen iMboratorirn erzmgter Psoflukt^Wirn, 1866 ; Jahrosber. 
1M.54, p. 310). Specific gravity of the crystals « 4 250 (Filhol, Ann. Ch. Phys. 
[3] xi. 416). At the temperature of boiling olive-oil, the anhydride is completely 
resolved into iodine and oxygen. It dissolves in water, forming iodic acid. 

Pulverised iodic anhydride is reduced at ordinary temperatures by a small quantity 
of sulphurous anhydride, yielding sulphuric anhydride and free iodine; by continued 
action of sulphurous anhydride at 100°, it is converted into a light yellow grwmlo- 
crystalline mass, consisting of an iodosulphuric anhydride, 6P0 4 .80 . ^ This 
compound is quickly decomposed by contact with air and water, with separation of 
iodine. By absolute alcohol or ether, it is resolved into FO* and 80*; and by alcoholic 
potash it is converted into iodate and sulphate of potassium. Strong sulphuric acid 
does not act upon it at common temperatures ; hydrochloric acid dissolves it, with 
evolution of chlorine and formation of chloride of iodine. By still longer exposure to 
the action of sulphurous anhydride, the iodic mihydride is completely decomposed, 
yielding a large quantity of iodine, and an adhesive mass containing an oxide of 
iodine, PO 11 (p. 298). 

Nitro-iodic anhydride, FO«(NO )* ?_Millon (Ann. Ch. Phys. [3] xii. 330), by tri- 
turating iodine with strong nitric acid, obtained a yellow powder which he regarded 
as a compound of nitric acid with periodic oxide, 10* ; it was resolved bv water into 
nitric acid, iodic acid, and iodine, and when treated with dilute alcohol yieldid a small 
quantity of periodic oxide, IO* (Millon‘s hypo^todic acid). Klim merer (J. or. 
Chem. lxxxiii. 72) has obtained the same substance by Millon’s method, also ny 
treating iodine with a mixture of fuming nitric und strong sulphuric acids, and assign# 
to it the composition above given. He finds that it is decomposed by drying over lime, 
with evolution of nitric oxide, and that, when dried in an atmosphere of carbonic 
anhydride, it splits up into nitric oxide and periodic oxide. It is decomposed by 
water and by aqueous acids and alkalis ; hydrochloric acid dissolves it, with evolntloii 
of chlorine and formation of chloride of iodine. Alcohol, ether, and acetic ether are 
violently attacked, often with incandescence, even by small quantities of the compound. 
Hy exposure to moist air at common temperatures, it is decomposed into iodine, iodic 
acid, and nitric acid ; in dry and very cold air it remains unaltered for a long time. 
It dissolves slowly, and without decomposition, in strong sulphuric acid, and sometimes 
•fparates from the solution spontaneously, but is easily precipitated on scratching the 
rides of the vessel with a glass rod, or adding fuming nitric add to the solution. The 
sulphuric acid solution, when boiled, gives olf a large quantity of nitric oxide. 
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-Iodic acid, HIO* crystallises from a strong aqueous solutions transparent six-sided 
tables without water of crystallisation (Serullas, Marignac). According to Kam- 
melsberg (Pogg. Ann. xc. 12) the crystals are trimetric, the ratio of the brachydia- 
gonal, macrpdiagonal, and principal axis being = 0'58905: 1 : 1*1903. They exhibit the 
frees ooP, Poo , oP, with jPc© and 2j> oo subordinate. In the brachydiagonal prin- 
cipal section ooP : ooP = 119° O'; Jroo : Poo =80° 4 \ The crystals are transpa- 
rent and have a vitreous lustre; they are generally either tabular, by predominance of 
oP, or elongated in the direction of the brachydiagonal ; cleavage distinct parallel to oP, 
less distinct parallel to ooP. According toMarignac(Jahresber.l856,p. 296, 1857, p. 124) 
iodic acid crystallises from aqueous solution at 60° — 60° for the most part in the form 
determined by Schabua for the anhydride/ less abundantly in the form just described 
as determined by Rammelsberg. Marignac finds, however, different values for some of 
the angles, viz., ooP : ooP in the brachydiagonal principal section = 114° 46'; Poo : oo 
in the same— 79° 38'. K am merer (J. pr. Chem. lxxxv. 452) has obtained a hydrate 
of iodic acid, 2HI0*.9H*0, which crystallises at 17° in beautiful hexagonal tables. 

Iodic acid is veiy soluble in water , slightly soluble in alcohol. The aqueous acid 
bleaches litmus paper after first reddening it. It is easily decomposed by deoxidising 
agents , yielding iD the first instance hydriodic acid, which then, with the remaining 
iodic acid, forms water and free iodine : 

niO> + 5HI « 3 IPO + I*. 

Hence aqueous iodic acid, though it does not of itself impart a blue colour to starch, 
produces this colour immediately on the addition of hydriodic, sulphydric or sulphurous 
acid, stannous chloride, vegetable acids, or other deoxidising agents. In somo cases 
however an excess of the reducing agent converts the free iodine into hydriodic acid 
and destroys the blue colour : thus with sulphurous acid : 

IPSO* + I* + IPO = 2111 + IPSO 4 . 

Sulphurous Sulphuric 

acid. ai id. 

Nitric oxide gas reduces aqueous iodic acid at ordinary temperatures (K a m merer; 
The acid heated in sealed tubes with sulphide of carbon is reduced to hydriodic acid, 
in like manner iodate of potassium to iodide (Sc hi agdenhauffen, J. Pharm [3] xxxiv. 
175). Ferrous sulphate does not of itself appear to reduce iodic acid, but on addition 
of caustic soda and subsequent supersaturation with sulphuric acid, iodine is set free. 
In this case,, it may be supposed that the ferrous sulphate first separates iodine, which 
is taken up by the soda-ley, forming iodide and iodate of sodium, and that, on addition of 
sulphuric acid, iodic and hydriodic acids are set free, which act upon each other in the 
way above mentioned, yielding free iodine (Hem pel, Ann. Ch. Pharm. evii. 97). 
Aqueous iodic acid yields by electrolysis, oxygen at tho positive, and iodine at the nega- 
tive polo, the separation of the latter being duo to the action of nascent hydrogen re- 
sulting from the decomposition of the water. According to Buff (Ann. Ch. Pharm. 
cx. 257), the iodic acid is resolved by the current into H and 10 s , which latter is 
decomposed by the water, yielding HIO* and free oxygen. 

Xodates« Iodic acid is monobasic, like chloric and bromic acids, the general formula 
of its normal salts being 

MIO* = O or M’O.FO*. 

But there are likewise acid iodates, or more properly anhydro-iodates, which may be 
regarded as compounds of the normal iodates with one or more molecules of iodic anhy- 
dride : thus there are three iodates of potassium, having the following formulae : 

Normal iodate of potassium .... 2KI Gf pr K*0.I*0*. 

Di -iodate of potassium . . . 2KIO*.I ’®hpr K*0.2F0*. 

Tri-iodate of potassium . . . 2KIO*.2l*Of ir K*0.3*I0\ 

The normal iodates are obtained: 1. By bringing iodine in contact with an alkali and 
water, and removing the metallic iodide formed at the same time, by digestion in 
alcohol. — 2. By direct mixture of iodic acid with a salifiable base. — 3. By bringing the 
aqueous acid in contact with metals. 

Most iodates are insoluble or sparingly soluble in water, the only easily soluble 
iodates being the ammonium-, potassium-, and sodium-salts. The solutions of these salts 
give with somewhat concentrated solutions of strontium- and calcium-salts, and with 
dilute solutions of barium-, lead-, and silver-salts, white crystalline, granular precipitates. 
The silver-precipitate is easily soluble in ammonia, very slightly soluble in nitric 
acid. 

The normal iodates, when heated, either give up 3 atoms of oxygen, but no iodine, and 
are converted into metallic iodides (c. g. KIO* — O* — KI), or they part with their 
• The crystal* examined by Sckabus probably consisted of the acid, not of the anhydride. 
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iodine and 6 atoms of oxygen, and are reduced to metallic oxides (eg. BaO.FCP— 
O a — I* ~ BaO), accordingly as the metal has greater affinity for iodine or for oar* 
gen. Some iodates detonate when heated with combustible bodies, eg, on red-hot 
coals, — sometimes even when merely struck ; but the detonation is much weaker than 
that produced by chlorates or nitrates. The aqueous solution of an iodate mixed with 
sulphurous acid yields iodine and sulphuric acid, part of which combines with the base 
(Gay-Lussac). With sulphydric acid, the solution of an iodate yields hydriodic acid, 
water, sulphur, and a sulphato (H. Rose) ; with hydriodic acid, or with a dissolved 
iodide mixed with an acid to liberate the hydriodic acid, it yields a metallic iodide, 
iodine, and water: 

KIO* + 6HI - KI + I* + 3H*0. 

Iodides and iodates containing woak bases may also decompose one another in solution 
without the intervention of an acid, yielding an oxide and free iodine: thus with the 
isinc- salts: 

Zn(IO»)« + 6ZnI* _ 6ZnO + I". 

With hydrochloric acid, the iodates form water, a metallic chloride, trichloride of 
iodine, and free chlorine ; and the metallic chloride thus produced often enters into 
combination with the trichloride of iodine (Filhol): 

KIO* + 6HC1 - 311*0 + KC1 + IC1* + Cl*. 

Arsenious acid, with the aid of heat, and likewise dichlorido of tin, separate iodine 
from aqueous solutions of the iodates (Simon). Dilute sulphuric acid at a boiling heat 
separates the iodic acid from these salts (Gay-Lussac). When an aqueous solution 
of an iodate is heated with nitric acid, that acid at first takes hold of tbe base, either 
wholly or in part ; but when the solution is evaporated to dryness and more strongly 
heated, the less volatile iodic acid drives out the nitric acid. (Penny, Ann. Pharra. 
xxxvii. 203.) 

Iodates heated with strong hydrochloric acid and mercury, or with strong sulphuric 
acid and ferroso-ferric oxide, impart a blue colour to starch, in consequent of th# 
lil**ration of iodine. 

Iodate of Aluminium. A solution of moist hydrate of alumina in iodic acid 
evaporated to a syrup and then left over sulphuric acid, yields deliquescent crystals. 

Iodate of A m m o n i ti m, (Nil *)I0*, is produced by saturating eanstie ammonia oi 
carbonate of ammonium with iodic acid or chloride of iodine, ami separates as a crys- 
talline powder if the solutions are moderately concentrated. By spontaneous evapora- 
tion it is generally said to be obtained in small shining cubes. According to Maaignac, 
however (Ann. Min. [6] ix. 1), the crystals are dimetrie, exhibiting the combination 
op . ooPoo , often with P, 2l\ ocP, Poo and 2P*> subordinate. Anglo oP : P ■■ 
124° 64 ; oP : 2P = 105° 14'; oP : Poo =» 134° 37 ; P : P in the terminal cd^cs - 
1097®. That, the crystals are not monometrie, is also shown by the observation of 
M urbach (Jahresber. 1865, p. 146), tlmt they act upon polarised light. It decomposes 
with a hissing noise at 160°, giving off eqnal volumes of oxygen and nitrogen together 
with iodine and water. It detonates on glowing coals, and is decomposed by hydro- 
chloric acid, yielding a compound of sal-ammoniac and trichloride of iodine, together 
with water and free chlorine (F ilhol). It dissolves in 38*5 pts. of cold water at 16°, 
and in 6*9 pts. of boiling water. (Uammelsberg.) 

Iodate of Barium, Bii(IO*)*.H*0. — This salt is precipitated when iodine is 
dissolved in baryta-water, iodide of barium remaining in solution. It may also be 
prepared by saturating an aqueous solution of trichloride of iodine with carbonate of 
barium or baryta-water, or by precipitating a concentrated solution of chloride of 
barium with iodate of sodium. The hydrated salt forms a granular powder. From a 
solution in hot nitric acid, however, it is deposited on cooling or on addition of 
ammonia, in small crystals (Ratnmel sborg), which, according to Marignac (l-oc. ck.)< 
are monoclinic and isomorphous with bromate and chlorate of barium, exhibiting 
the combination ocP . (Poo ) . —Poo. Anglo <x>P ; ooF in the clinodisgonal prin- 
cipal section ** 82° O'; (Poo ) : (Poo) in the same ■■ 76° 42'; — Poo : ooP — 119° 4'. 
The water of crystallisation escapes at a temperature below 200°, On heating the 
salt more strongly in a porcelain retort, vapour of iodine and oxygen gas are evolved, 
and a residue is obtained, consisting of basic periodate of barium (Ram mols berg) : 

6Ba(IO*)* - Ba(IO*)*.4BaO + 81 + 0»*. 

It does not detonate on ignited charcoal, but sometimes exhibits phosphorescence 
(Gay-Lussac). Hydrochloric acid dissolves it readily, even in the cold, the liquid 
assuming a dark-yellow colour (probably arising from the formation of a double chloride 
°f iodine and barium) and evolving chlorine. It dissolves with difficulty in warm 
nitric acid (Rammelsberg). It is soluble in 3,333 pts. of water at 18°, in 626 pts- 
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of boiling water (Gay-Lussac), in 1,746 pts. of water at 16°, and itt 600 pts. of 
boiling water (Rammelsberg) ; the anhydrous salt dissolves in 8,018 pte. water at 
18*6°, and in 661 pts. boiling water. (Kremers, Pogg. Ann. xci^ 2 65.) * - 

Iodate of Bismuth, 2B7l s 0*.H 2 0. — Iodate of sodium added in ..excess to a 
solution of bismuth which is no longer precipitated by water, throggs down the whole 
of the bismuth as iodate. The precipitate is nearly insoluble in nitric acid, "When 
ignited it leaves trioxide of bismuth mix^d with iodide. 

Iodate of Calcium, Ca(I0 , ) 2 ,6H 2 0. — Crystallises slowly from the mixed solu- 
tions of iodate of potassium and chloride of calcium in water (Pleischl), a largo 
proportion of the salt, however, remaining dissolved (R am m el sb erg). The crystals are 
rendered anhydrous by heat. The dry salt gently ignited in a porcelain retort evolves 
14*786 per cent, of oxygen and 54 072 of iodine, leaving a residue amounting to 81*143 
per cent., and consisting chiefly of pentabasic periodate of calcium ; but when heated 
more strongly, it evolves a still larger amount of oxygen (in the whole 17*176 per cent.) 
and of iodine (in the whole 62*478 per cent.), and leaves 20*340 per cent, of a mixture 
of pentabasic periodate and much free lime, which may be separated by water 
(Rammeleberg, Pogg. Ann. xliv, 676). Iodate of calcium detonates violently 
on ignited charcoal (Gay-Lussac). When treated with concentrated hydrochloric 
acid, by which it is readily dissolved, it yields an orange-coloured liquid, smelling of 
trichloride of iodine, and similar to that yielded by iodate of potassium ; it does not, 
however, give crystals of the double chloride of iodine and calcium (Filhol). The 
hydrated salt forms four-sided prisms, which effloresce in the air, with partial loss of 
water, and become anhydrous at a temperature below 200° (Rammeleberg). From a 
solution acidulated with nitric acid, it separates in trimetric crystals, ooP . ooj^oo . 
3P . P . oP . 3f*<» . iPao . Ratio of axes, a : b : c *= 0*4537 : 1 : 0*5231. ooP : ooP 
in the brachydiagonal=*132° 56' ; oP : P = 127° 22' ; oP : 3P = 104° 17' (Senarmont, 
Marignac, Jahresber. 1857, p- 125). The crystals dissolve in 464 pts. of water at 18°, 
and in 102 pts. of boiling water (Gay-Lussac); in 253 pts. at 16°, in 75 pts. of 
boiling water, and much more copiously in nitric acid. From the latter solution the 
salt is precipitated by ammonia in prisms (Rammelsberg). Alcohol separates the 
salt from an aqueous solution. (O. Henry.) 

Iodate of Cerium , Ce(lO*) 1 .IPO, is a white precipitate whicn gives off its water 
at 200°, and leaves pure ceric oxide when ignited. 

Iodate of Cobalt, Co(lO a ) 2 .H 2 C), is obtained by dissolving recently precipitated car- 
bonate of cobalt in hot aqueous iodic acid, and separates partly on cooling, partly by 
evaporation, in violet-red crystalline crusts. Dissolves in 148 pts. of cold and 90 pts. of 
hot water. Givos off its water of crystallisation at 200°. At a rod heat, it gives off 
iodine and oxygen and leaves cobaltoso-cobaltic oxide, Co*0 4 . Alcohol added to a 
solution of this salt in sal-ammoniac, throws down a pale-red double salt. 

Iodate of Copper . — Iodate of sodium forms with sulphate of copper (after some 
time only if tho solutions are dilute) a greenish-blue precipitate, consisting of 
2Cu(IO*) a .3H a O, which gives off its water at 200° (Rammelsberg). According to 
Millon, iodic acid forms, even in very dilute solutions of copper-salts, a blue crystalline 
precipitate composed of Cu(I0 s ) 2 .H 2 0, and the same compound is obtained by digesting 
recently precipitated hydrate or carbonate of copper with iodic acid at ordinary tem- 
peratures. When hydrated cupric oxide is washed with boiling water and covered 
with a sufficient quantity of solution of iodic acid, an olive-coloured powder is obtained 
which has the same composition as the blue crystals, but requires a temperature about 
40° higher to dehydrate it completely. Ignited cupric oxide shaken up with aqueous 
iodic acid, forms a basic salt, 3[Cu(I0 3 ) 2 .Cu0].H 2 0, which hpwever is converted into 
the olive-coloured salt when the mixture is boiled. c ; 

lodates of Iron.— Ferric Iodate , Fe 2 0«.2I 2 0*.8H 2 0 or 2©(I0»)*.Fe*0».24H 2 0, is 
a Jellowish-white precipitate obtained by adding iodate of sodium to ammonio-forric 
sulphate. The precipitate when dry becomes heavier and assumes a reddish tint. It 
is soluble in nitric acid, and leaves pure ferric oxide when ignited. 

Ferrotie Iodate is produced on mixing ferrous sulphate with iodate of potassium, as a 
white precipitate, which dissolves readily in excess of the ferrous sulphate, but quickly 
turns brown and decomposes, with evolution of iodine, especially when heated. The 
brown precipitate dissolves in hydrochloric acid, with evolution of chlorine, and 
ammonia throws down from the solution a mixture of ferric hydrate and iodide of 
nitrogen.. 

Iodate of Lanthanum, La(IO , ) , .H t O. — Precipitated as a crystalline powder on 
adding sulphate of lanthanum to aqueous iodic acid. From solution in hot water, it 
separates on evaporation in white crystalline scales. Gives off its wateT at a temperature 
above 110°. (Holsmann, J. pr. Chem. lxxv. 321 ; Hermann, ibid, lxxxii. 385.) 

Iodate of Lead , Fb(IO*) a . — White precipitate, very sparingly soluble in water and 
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is nitric wad. Gives oft iodine and oxygen when heated, and leaves a mixture of oxide 
and iodide of Iced, from which the oxide is easily dissolved out by acetie acid, 

lodat # of Lithium, LilO*. — Crystalline crusts, soluble in 2 pts. of water. 

Iodate of Magnesium, MgAO'YAWO , — Shining crystals soluble in 3 pta. of 
boiling and 11*43 pts.*of cold water. They are monoclinic, exhibiting the combination, 
ooP . ooP«d . +P . — P . oP . — ^Poo. In the dinodiagonal principal section! 
odP: cdP « 78° 20'; + P : + P = 91° 63'; -P : -P - 120° 30'; ftirthar, oP : 
oePoe — 100° 40'; oP ; — iP*> = 166° 32'. The crystals cleavo very distinctly 
parallel to flsPoo (Marignac, Jahrosbor. 1857, P* 126), When heated they quickly 
become opaque and give off water, becoming completely anhydrous at 240° (Millon), 
At a red neat, the salt suffers decomposition and leaves pure magnesia. 

Iodate of Manganese, Mn(IO*)*, is best obtained by precipitating a concentrated 
solution of acetate of manganese with iodate of sodium. It is pale red, soluble in 
200 pts. of water, and when ignited loaves puro raanganoso- manganic oxide. According 
to Berzelius, it contains 1 at. water [Mn(IO l )*.H*Oj. 

lodat es of Mercury.~-\. Mercuric I<>date. Produced by digesting recently pre- 
cipitated mercuric oxide in iodic acid. It is a white anhydrous powder, insoluble in 
water, but dissolving easily in hydrochloric acid, with evolution of chlorine. The 
solution mixed with stannous chloride yields a rod precipitate of mercuric iodide, which 
by the further action of the tin-salt is reduced to yellow moreuroao-morcuric iodido. 
Mercuric iodate when heated gives off oxygon and is converted into iodide. 

2. Mercurous Iodate , Hg*(IO*) a .— -A solution of mercurous nitrate rendered as 
neutral as possible, yields with iodate of sodium a white precipitate, which is dissolved 
by hydrochloric acid, with evolution of chlorine, and yields a solution from which am- 
monia throws down iodido of nitrogen. It. dissolves with difficulty in nitric acid, and 
is completely volatilised by heat, be ing at the same timo resolved into mercuric iodido, 
mercury and oxygen. 

Iodate of Nickel, Ni(IO*) 1 .H' i O. — Obtained by dissolving recently precipitated 
hydrate of nickel in iodic acid, or by evaporating to diyness n solution of 1 pt. sulphate 
of nickel and pt. iodate of sodium, and dissolving out the sulphate of sodium from 
the residue with water. From a hot-saturated solution, it separates as a light-green 
crystallino powder. It dissolves in 774 pts. of boiling and 120^ pts. of cold water. 
When ignited, it leaves pure oxide of nickel. Ammonia dissoh’es it readily, forming a 
blue liquid, from which alcohol throws dow n blue crystals, or a crystallino powder, con- 
sisting of iodate of nickel -diammonium, Ni(IO , )*.4NII* — 4 

Iodate s of Potassium, — 1. Mono-iodate or Normal Iodate . This salt is prepared; 
1. By adding iodine to solution of potash till a brown colour is produced, evaporating to 
dryness, and dissolving out the iodide of potassium formed at the same timo with 
alcohol of specific gravity 0*81 : 

6KIIO + I* KIO" + 6KI + 3IFO. 

Should the iodate thus obtained contain carbonate of potassium, the latter must bo 
decomposed by acetic acid, the whole evaporated, and the acetate of potassium removed 
by alcohoL 

2. By dissolving trichloride of iodine in potash, the products being iodate, iodide and 
chloride of potassium : 

12KHO + 3IC1* - 2KI0* + 9KC1 + KI + 011*0. 

The iodide and chloride are dissolved out by alcohol, as in the former process, but the 
latter, being less soluble, is more difficult to remove. 

3. By melting iodide of potassium in a crucible, leaving it to cool till it becomes 
semifluid, and then gradually adding 1$ pts. chlorate of potassium. The mass becomes 
fluid, swells up, and solidifies to a spongy mass of iodate and chloride of potassium. 
It is dissolved in hot water, the iodate left to crystallise, the crystals rcdiasolved in hot 
water and the iodate precipitated by alcohol. 

Mono-iodate of potassium forms small white cubic crystals (Gay-dhtissac); 

. o&O (Marignac), but it is not easy to obtain distinct crystufs. Specific 
gravity 3*970 (water at 17*6° *» 1) (Kretners). It dissolves in 13 pts. water at 14° 
(Gay-Lussac); in 19*02 pts. water at 0*6°, in 14*85 pts. at 9*4°, in 10-77 pts. st 
22*2°, in 6*96 pts. at 46*8°, and in 3*67 pts. at 69*2°. An aqueous solution of specific 
gravity 1*0741 at 19-5° contains 9*08 pts. KIO\ for eveiy 100 pts. water. The 
saturated aqueous solution boils at 102° f Kramers, Fogg. Ann. xcir. 271 ; xcv. 121 ; 
xcviL 6). More soluble in aqueous iodine of potassium than in water. Insoluble in 
alcohol of specific gravity 0*81. Soluble in warm sulphuric acid without decomposition 
of the iodic add. (Berzelius.) 

At a low red beat, the salt melts and froths up, and is converted, with Iom of 
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22 59 per cent, oxygen into iodide of potassium (Gay-Lussac). If only part of the 
oxygen is expelled, the residue consists of iodide and iodate, without any periodate 
(Ram me lab erg). It deflagrates with a purple light on glowing charcoal. 

The aqueous solution exhibits with sulphydric acid and other reducing agents, the 
reactions already described for iodatcs in general (p. 301). From a solution of the 
sail mixed with iodide of potassium, the stronger acids precipitate iodine. With 
strong hydrochloric acid, it yields water, free chlorine, and chloride of iodine and 
potassium: KIO* + 6HC1 = 311*0 + Cl* + KIC1*. 

A solution of iodate of potassium in excess of boiling nitric acid yields crystals of 
iodic acid on cooling, while nitre remains in solution ; if however it is evaporated to 
dryness, one half the nitre formed is decomposed, and there remains a mixture 
of 1 atom of nitrate and 1 atom of di-iodate of potassium. When greater heat is 
applied, all the nitric acid is decomposed into pernitric oxide and oxygen, and driven 
off) so that the residue consists merely of iodate of potassium. (Penny, Ann. Ch. 
Pharm, xxxvii. 203.) 

Double-salt of Iodate and Acid Sulphate of Potassium, KIO’.KHSO 4 . — This salt 
separates after the tri-iodate (p. 305) from a solution of the mono-iodate mixed with 
sulphuric acid. It was first obtained by Serullas (Ann. Ch. Phys. [2] xliii. 113), 
who regarded it as a compound of the di-iodate with anhydrous di-sulphate of 
potassium. Mil lo n (Ann. Ch. Phys. [3] ix. 497) supposed it to be a compound of mono- 
iodate and monosulphate of potassium, 2KI0*.K*S0 4 . The formula above given was 
determined by Marignac (Ann. Min. [6] ix. 1), who obtained it of the same com- 
position, even when the proportions between the sulphuric acid, iodic acid and 
potash in the solution were varied. The crystals are monoclinic, exhibiting the 
combination eoP. ooP2 . ooP3 . ooPoo . oP. — P . -P2 . — Poo . + Pc© (predominating 
at the ends) + 8P«© . (Pco ) . (£Pao ). Angle ooP : aoP in the clinodiagonal principal 
section =*> 54° 53'; ooP2 : ooP2 in the same = 92° 10'; oP : ooP = 91° 29'; oP : 
<*>Poo * 93^14'; ooPoo : + Poo « 115° 50'; ooPoo : -Pco «= 120° 42' (Mar i gn ac). 
When heated to redness, they give off oxygen and iodine and leave sulphate and iodide 
of potassium. 

Di-iodate, 2KI0M*0 4 or K 2 0.2I 2 0 4 . — Obtained — 1. By mixing the aqueous solu- 
tion of the mono-iodate with hydrochloric acid, and precipitating with alcohol. — 2. By 
partially saturating an aqueous solution of trichloride of iodine with caustic potash or 
carbonate of potassium, whereupon the mixture becomes heated, and on cooling 
deposits ft compound of the di-iodate with chloride of potassium (the mother-liquor 
saturated with potash still yields the mono-iodate). The solution of this compound, 
largely diluted with water, and evaporated in the air at 25°, yields the di-iodate in 
beautiful transparent right rhombic prisms, with dihedral summits, having a sour, 
astringent taste, and acid reaction. 

According to Marignac (Jahresb. 1856, p. 297), the crystals contain K’0.2l 2 0 4 .H 7 0, 
and exhibit three essentially different forms, one trimetric, the other two monoclinie, 
the occurrence of which is independent of the temperature of crystallisation. The 
trimetric crystals, which separate only from solutions containing $ small quantity 
of the mono-iodate, exhibit chiefly the combination oeP . ooPoo . oePoo . oP .£P . £P . 

. ^£00 . Angle ocP : 00 P = 82° 10'; P : P in the macrodiagonal principal section =» 
87° 10'; in t lie brachydiagonal = 101° 40'; oP : P =* 106° 4'; oP : |Poo — 
127° 23'; oP ; ipoo = 146° 48'. No cleavage. According to Schabus (Jahresber, 
1854, p. 310), the combination is oP (predominant) . P . f P . Poo . ^Poo . 00 P . ooPoo . 
ooPoo . For P, the ratio of principal and secondary axes is 1 : (i'8973 : 0*7819. Angles 
P : P in the the terminal edges *=« 111° 13' and 121° 2 f ; in Jho lateral edges = 97° 2'; 
ooP : 00 P *= 82° 4'. Cleavage imperfect parallel to oP. — Ae second form, which is 
monoclinic, separates, according to Marignac, chiefly from sq^fHons containing a slight 
excess of acid. According to Schabus, the predominant combination is oeP2 . ooPoo . 
oP . + P . — P. The principal axis, clino- and ortho-diagonals, are in the proportion 
1 : 1*7307 : 0 8627. Angle of the inclined axes = 87° 16'. 00 P 2 : 00 P 2 in the clino- 

diagonal principal section «= 78° 48'; oP : -P — 129° 22'; oP : +P ■» 128° 9'. The 
crystals are often joined as twins, the face of combination being apparently parallel 
to + *p«. Marignac has also measured these crystals, viewing them in a different 
direction, so that the faces oP, ooP«o c©P2, &c. in the preceding determination, become 
respectively ooPoo , oP, (£Poo ), &c. in that of Marignac. Regarded thus, the crystals 
exhibit the faces oP . ooPco . ooP2 . — P . (Poo ) . (^Poo ), with several subordinate clino- 
diagonal domes and hemipyramids. 00 P2 : oeP2 in the clinodiagonal principal section 
-120° 17'; -P : -P in the same * 87° 48'; oP : (Poo ) - 110° 53'; oP : ($P«© ) - 
127° 20'; oP : ooPco 91° 56’. The crystals are almost always intersecting twins, 
with the face of combination — Pco ; rarely contact-twins joined by the face oP. Cleavage 
parallel to oP. — The third form, which accompanies the other two, is also monoclinie, 
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tike crystals being mostly aggregated, and exhibiting tho combination oP . mP . + P«e , 
— P«o* — JPao . (P«3 ) - (2Po© ) . — P. Angle oeP : oeP in the clinodiiuranal principal 
section - 99° 30'; oP : - P - 122°; oP : ®P -* 96° 40'; oP : -P* •» i&o ifc] 
oP : + P<© ** 117° 16' (M arignac). Rammolsberg, who formerly regarded the crystals 
as anhydrous, found, by a later determination (Jahresb. 1857, p. 125), that they contain 
2(K*0.2I*0‘).3H ? 0 [? in which form]. 

Di-iodote of potassium is soluble in 75 pts. water at 16°, insoluble in alcohol 
(Serullaa). When heated, it gives off oxygen and vapour of iodine, and is converted, 
first into the mono-iodato, then into iodide. It deflagrates on glowing charcoal. 

A double salt, consisting of di-iodatr and chloride of )H>tassiuin t 2KCI.2KIO\I*0*, is 
obtained when an aqueous solution of trichloride of iodine is not quite saturated with 
potash, aud the solution is left to evaporate: 

4KHO + 81 Cl 1 + 7 H a O » (2KCI.2KIO > .FO») + 4IC1 + 18HCI; 
or by heating mono-iodato of potassium w'ith dilute hydrochloric acid: 

4K10* + 2IIC1 » (2KC1.2KIO* I f O*) + IPO. 

It forms sliining transparent prisms and elongated four-sided (aides with truncated 
terminal edges (Serullas, Ann. Cli. Phys. (2] xliii. 121). According to Milton 
( itnd. [3] ix. 407) and Marignac (Jahresb. 1850, p. 298) the crystals contain 1 at. 
Mater. According to Kammelsberg (Pogg. Ann. xcvii. 02), who also finds them to 
be anhydrous, they are trimetrie, exhibiting the combination <*P . oef*t/o . 05 PoO . PoO . 
£1*30 . oP . P2. Angle ooP : ooP in flit* mucrodingoiuil principal section « 82° 8'; 
1 * jo : Poo, in the same = 97° O'; ^Poo : , in the same =* 132° 10'. l*ro{>ortion of 

bruchy diagonal, maerodiagonal, and principal axis «* 08713 : 1 : 0 7709. The crystals 
are efflorescent, soluble in 19 pts. water at 15° (Serullns). Cold alcohol dissolve* out 
the chloride of potassium, leaving the di-iodato. (Pilhol, .1. Phnrm. xxv. 506.) 

I)i-iodatc with Di-sul phatc of Potassium , K 2 S a OM\ 1 T z O M ? — This, necording to 
Serullas, is the comi'osition of the double salt obtained, after the separation of the 
tri-iodatc, when a solution of the mono-iodate is mixed with sulphuric acid. Hut, 
according to Millon ami Marignac, this salt contains, not the di-iodute, but the mono* 
lodutc of potassium (p. 303). 

Tri-v>datr t 2KJO , .2l*O a or K^O.SI'O*. *— This salt is obtains! by mixing aqueous 
i<»die acid with a small quantity of polish, or by adding a solution of the mono- or 
di-iodate to aqueous sulphuric, phosphoric, hydrochloric, nitric, or silicic acid. When 
a solution of the mono-iodnte is heated with a large excess of dilute sulphuric acid, 
and left to evaporate at 25°, the tri-iodatc crystallises out, leaving in solution a 
compound of iodate and acid sulphate of potassium. 

The tri-iodatc forms large transparent crystals — triolinic, according to Kammelsberg 
and Marignac — which, even when free from sulphuric acid, nssumo a reddish colour 
after a M’liile. According to .Serullas nml Kammelsberg, they are anhydrous; according 
t<> Millon and Marignac, they contain 2 at. Miitcr: K 0.3i a 0\2Il s 0. The salt when 
melted gives off ^ of its iodine, learing iodide of |>otassiuni. It dissolves iu 25 pts. 
water at 16\ (.Serullas, Ann. Ch. Phys. [2] xliii. 117.) 

Paste Palate l — According to Ony-Lnssuc. a solution of the mono-iodnte mixed wit Ii 
potanh dejxisits a salt containing excess of jsJtash; but, according to Kammelsberg, 
nothing but the mono-iodate crystallises out, 

Iodate o f Silver, Agio* obtained by precipitating nitrate of silver with iodic 
aeid or iodiite of sodium, is white, insoluble in water, nearly insoluble in dilute nitric 
arid, easily soluble in ammonia, the solution yielding by sj*ontan«‘oiis evaporation, pure 
estate of silver in monoclinic crystals, which, according to Marignac (Arm. Min. [til 
ix. 1 ). exhibit the faces ceP . cfcP«> , inclined to one another at an angle of 127 £°, and 
:» number of other faces at the ends of the prism, extending in a direction parallel to 
the orthodiagonul. Sulphurous acid parsed into the solution of the salt in ammonia, 
is convert^l into sulphuric acid, and throws down iodide of silrer. Hydrochloric acid 
decomposes it readily, yielding chloride of silver, chloride of iodine, and free chlorine. 

lod a ten of Sodium . — The mono-indate, NalO* or Na'*0.I 2 0*, is obtained : I. Hy 
passing chlorine gas to saturation through JO pts. of water containing 1 pt. of iodine 
diffused tnrongh it ; neutralising the liquid with oarlionale of sodium ; passing chlorine 
again through it. in order to dissolve the iodine thus thrown down ; again neutralising 
with the carbonate; redissolring the iodine thus separated by means of chlorine, ana 
on. Tbe liquid is then evaporated to >** Wk. n>i***d while still warm, with 
half its volume of alcohol, and the compact crystalline mass, consisting of eight-aided 
prisms, produced on cooling, is freed from adhering chloride of sodium by washing 
with alcohol (Liebig, Pogg. Ann. xxiv. 362). An excess of carbonate of sodium muse 
be avoided; otherwise, basic periodate of sodium will be formed (Magnus and 
A ramerm filler). According to Duflos (Scbw. J. Ixii. 390), the a d di tion of ihoboi 
** unnecessary, os th e less soluble iodate can be separated from the chlocidQ of flodiw 
Voc. III. X 
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by crystallisation. — 2. By partially saturating aqueous trichloride of iodine with caustu 
soda or carbonate of sodium, precipitating with alcohol, washing the precipitate wit! 
the same liquid, and recrystallising from hot water. (Serullns.) 

Monoiodate of sodium separates from an aqueous solution left to evaporate in mode- 
rately warm air (Ramm els berg), or from a hot concentrated solution on coolinc 
(Penny), in crystals containing 1 at. water: NalOMPO. This hydrate fbrma tufts oi 
fine silky needles, which, if the temperature falls below 6°, while they aregstiil immersed 
in the liquid, are converted into the pentahydrated crystals. They give off all theii 
water at 180° (Rammelsberg, Penny). The pentahydrated salt, NalO'filPO 
obtained by spontaneous evaporation below 6°, forms octagonal prisms of the trimetric 
system, with pyramidal summits, the combination being ooP . oePco . ooPoo . P, with Poo 
subordinate. Axes a : b : c 0*9534 : 1 : 0*6607 (ii. 144). Angles P : P in the ter- 
minal edges =* 119° 66' and 123° 30'; in the lateral edges — 87° 30'; ooP : ooP = 92° 45 
and 87° 16V The crystals are prismatically elongated in the direction of the principal 
axis, the faces 00P being almost always unequally developed. When exposed to the air 
they give off 4 at. water and are converted into the monohydrated salt (Rammelsberg 
Pogg. Ann. xliv. 548 ; xc. 12). According to Millon (Ann. Ch. PhyB. [3] ix. 400),* 
crystals containing 2, 3, 6, and 8 at. water are also obtained, under special circumstances! 
Penny (Ann. Ch. Pharm. xxxvii. 203), by cooling a somewhat dilute solution, obtained 
crystals containing NaKP.SIPO. 

The anhydrous salt, obtained by drying the crystals at 150°, dissolves in 13*8 pts. of 
water at 14*6°, but is insoluble in alcohol (Gay-Lussac). According to Kromers 
(Pogg. Ann. xcvii. 6, 8), it dissolves in 30*75 pts. water at 0°, in 11*03 pts. at 20°, in 
6*95 pts. at 40°, in 4*79 pts. at 60°, in 3*61 pts. at 80°, and in 2*96 pts. at 100 9 . The 
saturated solution boils at 102°. A solution of specific gravity 1*0698 at 19*6 :i contains 
8*13 pts. of the anhydrous salt for every 100 pts. of water. (Krcmers, Pogg. Ann. 
xeix. 444.) 

Mono-iodate of sodium melts when heated, and whilo still below redness, gives off 
24*45 per cent, oxygen, together with iodine, leaving a mixture of iodide of sodium 
and soda (Gay-Lussac). According to Liebig, it leaves a hypo-iodito of sodium, 
containing 2Na 7 O.PO or NaVPO*; when heated to redness, it yields 24*21 per cent, of 
oxygen, and 76*79 of iodide of sodium (Bench iser). It detonates on glowing char- 
coal, and slightly when mixed with sulphur and struck (Gay-Lussac). It is decom- 
posed by concentrated hydrochloric acid into water, chlorine, and a yellow liquid, 
which probably contains trichloride of iodine and sodium, NaCl.ICl 3 , but does not 
yield this compound in a crystalline form (Filhol, J. Pharm. xxv. 440). Heated with 
a little nitric acid, it yields di-iodate, and with a larger proportion, tri-iodate of sodium 
in the anhydrous state (Penny). When dissolved hot in a mixture of equal quantities 
of sulphuric acid and water, it gives, by evaporation, crystals which, when placed on 
bibulous paper and nearly dry, become all at once fluid and tenacious. (Liebig.) 

Double Salts of Mono-iodate of Sodium . — 1. With6ro??<?V/cq/ , 3c^/i<i?i,2NaBr.NaIO , .9H ;r O. 
— Obtained by dissolving the iodate in a hot strong Solution of bromide of sodium. It 
crystallises, by cooling or spontaneous evaporation, in aggregations of extremely fine, 
colourless, transparent, six-vsided laminae, apparently rhombohcdral combinations. It 
is easily soluble in water. When heated, it gives off a large quantity of water, melts, 
gives off oxygen mixed with iodine, and leaves a mixture of bromide and iodide of 
sodium. Two-thirds of the water is given off over sulphuric acid. (Rammelsberg, 
J. pr. Chem. lxxxr. 436; R6p. Chim, pure, 1862, p, 261.) 

2. With Chloride of Sodium , 3NaC1.2NaIO s .0H-O. — (1.) When chlorine is passed 
through a solution of iodato of sodium mixed with a rather large quantity of caustic soda 
as long as basic periodate of sodium (p. 310) continues to separate, the decanted liquid, 
when left at rest, deposits crystals of chloride of sodium, ftest combined with iodate of 
sodium, then by itself, and afterwards mixed with chlorate onMkdium. — (2.) The mother- 
liquor obtained in the second mode of preparing raono-i<£«ite of sodinm (see above) 
deposits, at a higher temperature and greater degree of concentration, crystals of the 
compound of iodato and chloride. The crystals, which are large, colourless, and 
often transparent, belong to the triclinic system, and are sometimes triclinic pyra- 
mids haring all their edges and summits truncated, frequently, also, modified by 
various pyramidal faces. They also form twins joined by the basal end-faces, and 
giving the crystal a tabular character. The axes u, 6, c of the pyramid (c being the 
principal axis) are to one another as 1*1309 : 1 : 1*10436. The inclinations of the 
principal sectioiw are by direct measurement, ooFcc : ooPoo «• 97° 16'; oP:»P«© ** 
104° 0 *; oP:odP<jo «*= 100° 63'. Inclinations of the axes, by calculation, b : e m 
102° 67' i a : e ■* ©9° 9' ; a : b — 94° 56'. The crystals are not efflorescent, but when 
heated, they give off their water, and melt to a clear liquid which gives off nothing but 
oxygen gas; and when very strongly heated, leaves a mixture of iodide and chloride of 
Sodium. Water extracts the chloride of sodium, leaving the iodato with 1 at. water* 
(Rammelsberg, Pogg. Ann. xliv. 548 : cxv. 684.) 
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1 With Jodmh of Sodium, NaLNalOUOHK) (Mitseherlich);3NaL2NaIO\ 
1911*0 (Pennj); $NaL2NaIO , .20H t O (Marign&c) — This compound, di s c o vered bv 
Mi techerlich (Pogg. Ann. xi. 162 ; xvii. 481), is obtained by dissolving iodine in a 
cold and not very concentrated aqueous solution of caustic soda (or the carbonate, 
according to Penny) till it begins to turn brown, then leaving it in a cold place till it 
crystallises. Prisms of pure lodate of sodium then first appear, but afterwards vedm* 
solve, and ara<replaced by this compound (Mitacherlich). The same crystals are 
produced in a few days by immersing crystals of iodate of sodium in a strong solution 
of the iodide, and leaving the liquid to itself at a temperature not above Id® (Penny, 
Ann. Ch. Pharm. xxxvii. 202). The crystals are hoxagoual tables, oR , ooR, with 
+ R, — JR and other faces. Angle oR : R — 1 15 6 7' ; oR : — JR - 133° 10 
(Marignac, Jahresb. 1857, p. 124). When heated they first give off water, then 
oxygen, with a trace of iodine. Cold water dissolves them without decomposition, but 
alcohol dissolves the iodide of sodium, leaving the iodate. 

Acid lodates of Sodium „ — When an aqueous solution of trichloride of iodine is mixed, 
first with mono-iodate of sodium, then with alcohol, the di-iodate separatee out, but 
this salt, if dissolved in water and evaporated, yields crystals of tlie mono-iodate, and 
an acid mother-liquor (Sorullas, Ann. Ch. Pliys. xlv. 69). By evaporating also a 
mixture of the iodate with excess of iodic acid, the neutral salt crystallises out first, 
and then the iodic acid (Ram me lsberg). Penny obtained a di-acid and tri-acid 
salt, by treating the mono-iodate with nitric acid. 

Iodate of Tin . — Iodate of sodium forms, with dielilorido of tin, a precipitate which 
is white at first, but soon turns yellow, brown and grey, yielding tetrachloride and dl* 
oxido of tin and free iodine. 

lodates of Uranium.— The uranic salt , U*O a .PO*. 611*0 or (U*O a )*(IO a )*.6H a O, 
is obtained, by double decomposition, as a yellow precipitate which dissolves with diffi- 
culty in nitric acid, leaves uranoso-uraiiie oxide when ignited, and is decomposed by 
I’otash. Uranous iodate is obtained by precipitation from iimnmw chloride, as a 
greyish-green substance, which soon decomposes, being partially converted into the 
uranic salt. 

lodate of Yttrium . — Froeipitable from concentrated solutions; remains as a crys- 
talline crust on evaporation. It is anhydrous, dissolves in 169 pta. water, and when 
suddenly heated, decomposes with explosion and deflagration. 

lodate of Zinc , J5n(I0 a )*.2H*0.— To prepare this salt, a solution of sulphate of 
sine and iodate of sodium in equivalent proportions is evaporated to dryness, and the 
resulting sulphate of sodium is dissolved out by water. Iodate of cine then remains 
as a white powder, soluble in 75*9 pta. of hot, and 1 13 8 pta. of cold water, soluble also 
in nitric acid and in ammonia. The ammonincid solution yields liy spontaneous e?a- 
pnmf ion, or on addition of alcohol, a crystalline salt consisting of 3&n(IO a )*.8NJI a or 
3f N J Il*/nXI0*)*.2NH*. It is decomposed by water, with separation of oxide of sine. 

Joduta of zinc leaves oxide of zinc when ignited. 


Periodic Acid \ Anhydride and Sails, 

Periodic or Kjrpertodic acid. IIIO* or 11*0.1*0*, or according to Jjangloi^ 
H*10* or 511*0.1*0*. (Magnus and Arn morm iiller, Pogg. Ann. xxviii. 614. — 
Ilenckiscr, Ann. Ch. Pharm. xvii. 254.— LangJois, Ann. Ch. Pbys. (3]xxxiv. 267 ; 
Jahresb. 1852, p. 346.) — This acid, which was discovered by Magnus and Ammer- 
niiiller (Pogg. Ann. xxviii. 614), is produced, in the form of a disodic salt, by the 
action of chlorine on a solution of iodate of sodium mixed with carbonate of sodium or 
caustic soda : 

NaIO # + 3NaII0 + Cl* - Na’IFIO* + 2NaCL 

Sodic Diiodlc 

iodato. poriodato. 

A good method of preparing it is to add 1 pt. of iodine to a solution of 7 pta. carbonate 
of sodium in 100 pta. water, and paas chlorine into the heated liquid as long as ajpreci- 
pitnto continues to form. This precipitate, which consists of disodic periodate, ts dis- 
solved in nitric add perfectly free from nitrous acid ; nitrate of silver is then added; 
the resulting yellow precipitate of diargentic periodate is dissolved in hot dilute nitric 
; and the solution is concentrated at a moderate heat, till the monsrgcntic per- 
Agio*, crystallises out ; this salt, separated from the mother-liquor, m treated 
cold water, which extracts half the periodic add, reprododng the diargentic per- 
iodate ; and the filtered solution is evaporated : pure periodic add then Crystal Uses 
Magnus and A mm erm filler). Another method is to precipitate the solution 
* “ e salt in nitric acid with nitrate of lead, decompose the precipitate ef per* 

v O * 
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iodate of lead with somewhat less than, an equivalent quantity of dilute sulphuric acid, 
and concentrate the filtrate by evaporation (Benckiser). According to Langlow 
however, the acid thus obtained is always contaminated with iodic acid. ’ 

The acid may likewise be obtained by igniting iodate of barium, which then gir t ^ 
off iodine and oxygen, and is converted into pentabasic periodate of barium — and decom- 
posing that salt with sulphuric acid. But this method is not advantageous, because 
a considerable portion of the iodic acid is completely resolved by the heat into iodine 
and oxygen. 

The iodates of the alkali-metals give off the whole of their oxygen when heated 
and are converted into iodides; consequently periodic acid cannot be prepared in the 
same manner as perchloric acid (i. 910). 

Periodic acid separates from its aqueous solution by evaporation, at a gentle heat, 
in colourless crystals, apparently having the form of oblique rhombic prisms, which 
deliquesce quickly in moist air, melt at 130°, and at 160° give off their water, leaving 
a white mass of periodic anhydride, FO 7 , which, at 180° or 190°, gives off oxygon 
with great rapidity, leaving iodic anhydride (Benckiser). The crystals are rhombic 
prisms, having the composition IPIO a = HI0 4 .2H*0 or 5H 2 0.P0 7 . They melt at 
130°, and between 200° and 210°, giro off 5 at. water and 2 at. oxygen, and an* 
reduced to iodic anhydride, FO 5 , which at a higher temperature is completely resolved 
into iodine and oxygen. (Langlois.) 

Periodic acid dissolves very easily in water, , sparingly in alcohol and in ether, in 
which solutions it is slowly reduced to iodic acid. It is likewise reduced by many 
other organic substances, and instantly by hydrochloric , sulphurous, or sulphydric acid. 
With hydrochloric acid it forms water, chloride of iodine, and free chlorine. Sulphur 
is not oxidised by it; but phosphorus is partly converted into phosphoric acid— for 
the most part, however, into oxide of phosphorus. Metals are oxidised by the solution, 
forming basic periodates. It forms a precipitate with tannic acid , a reaction which 
distinguishes it from iodic acid. The precipitate, dissolves in potash and in ammonia, 
with dark red colour, arising from the oxidation of the tannic acid, the iodine at 
the same time uniting with the alkali-metal. (Langlois.) 

Periodates. — Periodic acid is generally regarded as monobasic, like perchloric 
acid, the formula of its normal salts being MIO‘ or M 2 0.F0 7 . Only four of these 
anhydrous monometallic periodates are however known, namely those of ammonium, 
potassium, sodium, and silver. All other periodates contain a larger proportion of 
base, and may be derived from the crystallised acid JPIO 1 *, regarded as Itt0 4 .2H-0, 
by the replacement of tho water of crystallisation by a metallic oxide or hydrate, 
thus: 


IIIO 4 

. IPO . 

IFO . 

. Periodic acid. 

(NIF)IO 4 

. H 2 0 . 

JFO . 

. Mono-ammonic periodate. 

NalO 4 

. NallO. 

IFO . 

. Disodic periodate. 

PblO 4 

. Pb*0 . 

IFO . 

. Triplliinbic periodate. 

CuIO 4 

. Cu 7 0 . 

CuIIO. 

. Telracupric periodate. 

BalO 4 

. BFO . 

Ba 2 0 . 

. Pentabary tic periodate. 


The existence of tho monohydric acid HIO* must however for the present be regarded 
as hypothetical, tho only hydrate whose constitution 1ms been established by ana- 
lysis being the pentahydric acid, IPIO®, analysed by Langlois; and from tin's, regarded 

as a pentatomic molecule, j O a , tho greater number of the periodates may le 


derived by the partial or total replacement of the hydrogen by metals. The 
anhydrous periodates of potassium, silver, and sodium. (MIOI) may then be regarded 
as motaperiodates, bearing to the ortlioperiodates, M a IO a , ^relation similar to tlmt of 
metaphosphoric to orthopliosphoric acid. There are a fewDeriodates which cannot be 
included in either of tho preceding formula*, viz. a bariunfiiklt containing 5Ba0.2F0 r 
or 3BuO. 2BaFO", a potassium -salt containing 2K 2 O.FO r -or K*0.2KI0 4 , and a silver- 
salt containing 2Ag v 0.H 2 0.F0 7 or Ag^O.HIO 4 . 

The monometallic periodates are resolved by heat into oxygen and metallic iodide ; 
the polymetallic salts into a mixture of iodide and oxide or reduced metal. Most 

S eriodates are sparingly soluble or insoluble in water, but they all dissolve easily in 
ilute nitric acid. Tho solution of tho monosodic salt, added to a solution of a 


barium-, calcium-, lead-, or silver-salt, precipitates the polymetallic or basic periodates 
of these bases, tho liquid acquiring an acid reaction. 

Periodate of Ammonium, (NH 4 )I0 4 .2H*0, separates on mixing the solutions of 
ammonia and periodic acid. It dissolves in a large quantity of water, and the solution, 
evaporated at a gentle heat, yields crystals, apparently haring the form of rhombic 
prisms. It has an acid reaction, and explodes when heated in a tube. (Langlois.) 

Periodates of Barium , — The monobarytic salt is not known. A pcntabaryUe c* 
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mixture of iodide end perox.de of bonum, *nd dissolving out tKo iodide of barium torn 
the residue with water. Its solution m nitric acid yields with nitrate of silver a wllow. 
brown precipitate of basic periodate of silver. (Ram melsberg, 1W Ann. x!iv27S I 
A salt containing half as much base as the last, vis. Ba*(IO*)’ I’O' or 6BaO 2l 5 0’ is 
precipitated by ammonia from the solution of the penlal.asic salt, or from a mixture 
of a soluble barium-salt with monobasic periodate of sodium dissolved in nitric acid* 
also on mixing nitrate of barium with dibasic poriodale of sodium. The prwiDitata 
contains 6 at. water, which are given off at 100° ; by longer exposure !« this tempera- 
ture, the salt is completely converted into iodnto of barium. (Kammolsberir 1 
A dibarytic or dibasic salt, BaiPIO* or 21I»0.31IH>.I»0\ is obtained by adding 
baryta-water to a solution ot the corresponding sodium-salt mixed with a few drops of 
nitric acid. It is a white precipitate which decomposes ut a rod heat, yielding the 
pentaburytic salt (Langlois); J 6 


10BuH’IO« « 2 Bh»(I 0«)* + I« + ()si + i5H*o. 

Periodates of Calcium.— A dicalcu • salt, Call *10* or 2CaO 3JPO I0 T (ut 100°) 
is obtained by decomposing the sodium salt, Nali'lO*, with nilmto of calcium as u 
whito precipitate, which appears crystalline under the. microscope, and when heated 
givesoft water, oxygon, and iodine, and leaves the pentaculcic salt, Cu 4 I s O M (Langlois) 
The latter is likewise obtained, but mixed with lime, by igniting ioduto of calcium in a 


Periodate of Copper , Cu-HIO* or 4CuO.JIH).PO’ t is precipitated by mixing tho 
s* 'luteins of sulphate of copper and tho nmuosodic salt, -a considerable quantity how- 
evt-r, remaining m solution — or by the action of aqueous periodic acid in slight excess 
ot hydrated carbonate of copper. (Langluie.) 

Periodates of /r o w.— Iron-suits (ferrous or ferric) form, with solution of poriodnto 
of KfHlmm, yellowish white precipitates, easily solublo in nitric acid (Benckiser) 
According to Langlois, periodic acid, in contact with ferrous oxide, is reduced to iodic 
uv id, and ferric iodato separates out. Similar reaction with manganous oxide. 

Periodates of Lead . — A triplumhir or tribasic salt, I , b , Jl l (l()«)*or 3ITi() 211*0 PO T 
is precipitated on mixing 1 at. of the disodic. salt with 3 at. nitrate of load, in micro’ 
»e«,pie crystals, which do not suffer any loss of weight between 120° and 130° but. at 
a higher tomperaturo, givo off water, oxygen, and iodine, uiid Jeavo an oxykslido’ of 
lc;ul containing TbP.dPbO (Langlois): 

2l > b , II'(IO , ) i - PbI*.5PbO + 0»» + V + 411*0. 

Periodate of Lithium, Li»I0«? -By treating carbonate of lithium with periodic 
iwid and evaporating tho solution at a gont lo heat, a crystalline mass is obtained, which 
dissolves completely in water, and whon dried in n vacuum, and then has ted to risiuess, 
gives off successively water, oxygen, and iodine, but without undergoing complete 
decomposition. (Langlois.) 

Periodate of Mag nesium. — Magnesium -salts aro not precipitated by solution of 
periodate of sodium. Carbonate af magnesium, immersed in aqueous periodic acid, is 
converted into insoluble periodate of maguesium, which dissolves, however, in excess 
of the acid. The salt consists of small prismatic crystals, which, when dried at mean 
temperatures, contain 2MgH*I0*.9H 2 0 or 2Mg0.3iP0.I*0’ + 9 nq. t give off 9 at. 
water, ut 100°, and leave puro magnesia when ignited. (Langlois.) 

Periodates of Potassium . — The nionojtotasnc salt , KIO*, is precipitated in 
Rpanngly soluble crystalline grains on passing chlorine into a solution of the iodate 
mixoil with potash or carbonate of potassium. Its aqueous solution, mixed with 
caustic potash, yields the tetrapotassic salt , K'O.ZKIO' or 2K z O.PO ; , which is also 
sparingly soluble in water, and is converted by ignition into n mixture of potash awl 
iodide of potAssium. Tho neutral salt when ignited leaves tho puro iodide. (Mairn us 
and Ammermuller.) 1 * 

, l> * ri ° daU * °f Silver, — Nitrate of silver added to a solution of disodic periodate, 
tnmwa down a greenish yellow precipitate, which is a basic periodate of silver. By 
washing it with water containing nitric acid, then dissolving it noarly to saturation in 
warm nitric acid, and evaporating by heat, the monoargentlc salt , AglO 1 , is obtained 
in anhydrous orange-yellow crystals. This salt is decomposed by warm water, which 
oT*?]T?!J8 ut haIf the aci<1 » leaving a blackish- brown residue of the tetrargentio salt, 
or Ag*0,2A g I0‘.H»0 ) which tarn, red by trituration. Cold wuZr 
l * l ° in lik* manner, but the residual salt is a yellow powder, consisting 
®*A£*H*I0* or 2Ag J O.3H T 0.IH) 7 , and separates from a solution in dilute slightly 
wvna «d nitric acid, in straw-yellow crystals, which, according to Ramin els berg 
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(Jahresb. 1857, p. 125), are rhombohedral, exhibiting the combination R . -IE . oR. 
For R, the ratio of the secondary axes to the principal axis =* 1 : 2*0653. Angle B : B 
in the terminal edges — 74° O'; oR : R — 112° 45'. The crystals become darker- 
coloured by exposure to light. On pouring boiling water on these crystals or on 
the yellow powder, 2 atoms of water are removed, and the red salt above mentioned is 
produced. (Magnus and Ammermiiller.) 

Periodate* of Sodium . — The monosodic salt, NalO 4 , is obtained by saturating 
the disodie salt with periodic acid, and evaporating. It is colourless, very soluble in 
water, anhydrous, crystallises readily, and is permanent in the air (Magnus and 
Ammermiiller). The crystals arc dimetric, P . Poo. For P, the ratio of the 
secondary axes to the principal axis is 1 : 1*59. Angle P : P in the terminal edges 

— 99° 30'; in the lateral edges = 132° 4'. The crystals are colourless. (Ramrods- 
berg, loo. Hi,) 

The disodie or dibasic salt, Na-H a IO a or 2Nu 2 0.3lI 2 0.F0 7 , is obtained bypassing 
chlorine gas into a hot solution of 1 pt. iodine and 7 pts. carbonate of sodium in 100 pts. 
water, or into a solution of 1 pt. iodate of sodium mixed with 3 pts. of caustic soda 
(Magnus and Amruermiiller). Langlois uses equal weights of caustic soda and 
the iodate, and to obtain a solution as concentrated as possible, first dissolves the 
caustic soda in water, then adds the iodate, and surrounds the filtered solution with 
hot water while the chlorine is passing into it ; tile sodic periodate then separates in 
considerable quantity, as a crystalline powder, having the composition just mentioned. 
It is sparingly soluble in cold water, somewhat more in warm water, and may be 
obtained in the crystalline form from a boiling solution of the neutral salt mixed 
with caustic soda. At a white heat, it gives off 3 at. water and 8 at, oxygen, and leaves 
an oxy iodide of sodium : 

2Na 2 IFIO* - 3 IPO - 0* = Na 4 PO. 

At a low red heat, it loses only 3 at. oxygen, leaving a residue of hypo-zadite of sodium, 
Na 4 FO f 2Na 2 O.FO (or perhaps a compound of iodide and iodite of sodium, 
2PTaI + 3Na 2 0.I*0*or NaI.Na 2 0.NaI0 2 ). This compound is sparingly soluble in water, 
has an alkaline reaction, and bleaches vegetable colours, but loses this property when 
boiled with water, iodate of sodium being then formed, and the salt becoming easily 
soluble. On exposure to the air it turns moist, and gradually yields free iodine. 

Periodate of Zinc. — Hydrated carbonate of zinc is converted by aqueous periodic 
ncid into a granular powder of periodate of zinc, Zn 2 HIO* or 4ZnO.H 2 O.I*0 7 , which 
dissolves readily in excess of the acid, forming a solution, which, when evaporated at a 
gentle heat, yields laminar crystals of another salt containing 3Zu0.7H , *0.2F0 T , i.e. 

a double por-iodic molecule, Zn*U ,4 l 4 0 24 =* Zn*IP 4 1 gloi s.) 

XOBXWI, SXASVXBl, 8VLPBIDE, and TBKXiVRXBB OS*. See Sele- 
nium, Sulphur, and Tellurium, Iodides of. 

XOBXTS, XOBOmXTB, XOBXO BXLVXOt. Native iodide of silver. (See 
Silver, Iodide of.) 

XOXIOBBxrzOZC ACID. C'H 3 I0 2 . — An acid produced by the action of bydriodio 
acid on diazobenzo-oxy benzam ic acid : 

C'TF'N’O 4 + 2III - C T H 7 NO*.HI + C 7 H*IO» + N* 

Dmzobenzo- HydricnUte of lodobenzoic 

©xjbenzumic oxytenz;imlc ^r»cid. 

•cld. acid. £ 

It crystallises in needles, is heavier than water, easily 4|&ble in alcohol; sublimes 
without decomposition ; forms a white silver-salt, C r H 4 Af£l0 2 , insoluble in water and 
in alcohol; is converted by fuming nitric acid into nitro-iodobenzoic acid. (Griess, 
Ann. Ch. Pharm. cxiii. 201.) 

XOBOBBTrcZVlL Syn. with Iodide of Brucine. (See Brucine, i. 683.) 

XOBO-CAOUTCHXV. See Caoutchin (i. 737), 

XOBO^OBBOBO-NXTXOBAJUSXlia. Syn. with Di-iodide of Chloro-nitro- 
h&rmine. (See H armine, iii. 12). 

XOBOOXVOBOJmra. See Cinchonine (i. 979). 

- XOBOCXmfAlKXC AOXD. C*H 7 IO*? — When cinnamic acid is melted with 
excess of iodine, and the dark brown mass is boiled with water till all the free iodine 
is volatilised, the liamjl or cooling yields small colourless stellate crystals of iodocin- 
nax&ic acid, which %mire a faint yellow colour on exposure to the air. The acid 
dissolves easily in hot \ater and in alcohol. (Herzog, N. Br. Arch. xx. 147.) 
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109 OCOBBIVI. Syn. with Iodide of Codeine. (See Codbihs, i. 1068). 

Z0901*0XX. CHI*. Di-iodated iodide of methyl, (Gm. vii. 330; Gerh.i 609.) 

This compound, which was discovered in 1824 by Serullas (Ann. Ch. Phys. xxv. 

314 V is produced by the action of iodine and alkalis or alkaline carbonates on wood- 
spirit, alcohol, or ether ; in small quantity also by the action of the same substances on 
cane-sugar, glucose, gum, dextrin, and several albuminous substances. It has also 
been observed among the products obtained by heating glycerin with hydriodic acid. 
(Erlenmeyer, Jahresb. 1861,p. 668.) 

Preparation. — 1 pt. of alcohol is added to a solution of 2 pts. crystallised carbonate 
of sodium in 10 pts. water ; the liquid is heated to 60 or 80° ; and 1 pt. of iodine is 
added by small portions, till it is entirely dissolved, and the liquid has become 
colourless. Iodoform then makes its appearance towards the end of the operation and 
sinks to the bottom of the hot liquid, which must be filtered to collect this first portion 
of the product The mother-liquor is then again heated to 00° or 80° ; another portion 
of carbonate of sodium, equal to the former, is dissolved in it ; a fresh portion of alcohol 
is added; and a current of chlorine is passed into the liquid, which must be continually 
agitated, so that the iodine which separates may mix well with it. When tile process 
is so conducted that a slight excess of iodine is constantly present, iodoform is produced 
in abundance. When a considerable quantity has been deposited, the stream of chlorine 
is interrupted, the liquid is left to decolorise, and the second portion of iodoform iB 
added to the first. The mother-liquor may then bo treated with chlorine and a third 
portion of iodoform obtained. The process, when properly conducted, yields a quantity 
of iodoform weighing 40 or 50 per cent, of the iodine used. Care must be taken, 
throughout the operation, to avoid a great excess of iodine, as in that case the iodoform 
will not bo produced at all. Borax may bo used instead of carbonate of sodium, and 
will yield a product of equal amount. With phosphate of sodium the product is not 
so good. (Filhol, J. Pharm. [3] vii. 267.) 

Cornelius and Gille (ilrid. xxii. 196) prepare iodoform by adding hypochlorite 
of calcium to an alcoholic solution of iodide of potassium heated to 40°, continuing the 
addition till the liquid becomes colourless. It then on cooling yields a crystalline de- 
posit, consisting of iodoform mixed with iodate of calcium, from which the iodoform 
may be dissolved by boiling alcohol. 8 pts. of iodide of potassium yield, by this process, 

2 pts. of iodoform and 2 pts. of iodate of calcium. 

Properties. — Iodoform crystallises in nacreous scales, friable, soft to the touch, having 
a sulphur-yellow colour and the odour of saffron. According to Rammelsberg ana 
Kokscharow (Jahresber. 1857, p. 431), the crystals are hexagonal combinations 
op . P. For P the ratio of the secondary axes to the principal axis is 0*9025 : 1. 
Angle P : P in the terminal edges = 133° 36'; in the lateral edges -» 104°. Specific 
gravity about 2*0. Melts between 115° and 120°, and then vaporises, partly with- 
out alteration, partly resolved into iodine and hydriodic acid, with a residue of char- 
coal. With vapour of water it distils undecomposed. It is not perceptibly soluble in 
voter, acids , or aqueous alkalis, but dissolves readily in alcohol , ether , ana oils, both 
fixed and volatile. 

Decompositions. — 1. Iodoform heated in a sealed tube to 150°, either alone or with 
iodine , is resolved into di-iodide of methylene, and a number of brown substances not 
yet examined (Hofmann, Chem. Soc. J. xiii. 65). — 2. Iodoform is acted upon by 
bromine, yielding brom iodoform, CHBrT. — 3. With moist chlorine, it yields ch loro- 
carbonic oxide, hydrochloric acid, and protochloride of iodine: 

CHI* + IPO +• Cl* - COCP + 3IIC1 + 3ICL 

~4. Heated with pentachloride of phosphorus , it yields an oily liquid, perhaps chloro- 
form, or according to Butierow, di-iodide of methylene, CH 2 I 7 . — 6. Distilled with chloride 
of mercury, lead, or tin, it yields chloriodoform, CHCPJ. — 0. Distilled with sulphide 
of mercury, it yields a small quantity of an oilyliquid, which, according to Bouch ardat 
(J* Pharm. xxiii. 12) is sulphoform, C*H& ; but according to Eggert (Chem. Centr. 
1857, p. 513) is nothing but disulphide of carbon. — 7. With cyanide of mercury or 
cyanide of silver it yields a sublimate of iodide of cyanogen. — 8. When cyanogen gas is 
P«»aed into an alcoholic solution of iodoform, the liquid becomes heated and assumes 
• violet tint ; and if then left at rest, deposits golden-yellow, prismatic crystals, from 
which alcohol extracts two substances having a strong metallic lustre ; one with m 
green iah gQld^ the other with a violet colour ; the latter appears to be cyanide of di-dodo* 
Methyl' CHI* Cy (S t.-E v r e, Compt, rend, xxvii. 533).— 9. Heated with alcoholic solution 
°r eulphocyanate of potassium to 100° in sealed tubes, it yields a gas and oily compound 
which has an odour of horse-radish, and forms a crystalline compound witn ammonia* 
though not so readily as oil of mustard (Hlasiwetz, Ann. Ch. Pharm. cmi. 184).—* 

19. Mercuric oxide gently heated with iodoform acts energetically upon it* producing 
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water, carbonic anhydride, formic acid, and mercuric iodide. — 11. Iodoform boiled 
witb aqueous potash is. partly converted into formate and iodide of potassium, a portion, 
however, volatilising with the watery vapour — 12. With alcoholic potash it forms a 
liquid which Bruning, who first obtained it (Ann. Ch. Pharm. civ. 187) regarded as 
C % HPO, but which, according to Butlerow, is di-iodide of methylene. — 13. With 
ethylate of sodium, iodoform yields iodide of methylene, CH 2 !*, together with iodide of 
sodium and aldehyde (Butlerow, Ann. Ch. Pharm. evii. 110): 

CHFNaO + CHI 8 = CH 2 F + Nal + C*IFO. 

According to more recent, experiments by Butlerow (ibid. exiv. 204; cxviii. 325) it 
appears that acrylic acid, CHI'O 2 , and ethyl-lactic acid, C 5 H 1(, O s , are likewise formed 
in this reaction. 

14. Iodoform heated with potassium produces a violent explosion. 

15. With tru thyl-phosphinc , iodoform unites directly, without the aid of heat, yielding 
the tri-iodide of formyl-nonethyl-triphosphonium (Hofmann, Proc. Koy. Soc. x. 189)* 

chi* + 3(C 2 ii 5 )*p = c ,9 h 46 p s p = [(cny'xcm*y?'Y'i*. 

ZOBOXiXTfi. A meteoric mineral mentioned by C. U. Shepard among a number 
of others which have been but imperfectly described. (Sill. Am. J. [2] ii. 377 ; vi. 
402 ; xv. 3G3.) 

IOSOMECONE. C s II'I B 0\ (J. Brown, Edinb. Phil. Trans, xxi. [1] 49.)— A 
substance formed by treating pyromeconic acid with excess of protochlorido of 
iodine : 

CTFO 3 + 8IC1 + 4IFO - CTI'PO 3 + 2C0 2 + 8IIC1. 


On adding potash to the yellow liquid thus obtained (after separation of a small quan- 
tity of iodopyromooonie acid) impure iodomeccno is obtained as a black procipitato 
which redissolvcs oil agitation. The addition of potash must be discontinued as soon 
ns this precipitate exhibits a lighter colour, no longer redissolvCs on agitation, and is 
not increased by fresh additions; and by then collecting the jvrecipitate, and washing 
it with cold water, and repeatedly crystallising it from boiling alcohol, iodomecone is 
obtained in the pure state. It may bo obtained in tho same manner from meconic or 
eomenie acid, which differ from pyromeconic acid only by the elements of carbonic 
anhydride. 

Iodomecone forms shining yellow hexagonal plates, having an odour which recalls 
that of saffron ; it lias neither an acid nor an alkaline reaction, sublimes below 100° ; 
is insoluble in water, soluble in alcohol and in ether, insoluble in hydrochloric acid, 
which does not decompose it even at the boiling heat. It is decomposed by strong 
nitric acid, and with aid of heat, by strong sulphuric acid. Caustic potash, after long 
boiling, abstracts from it a small portion of iodine. 

XOBOMSGOJrZir. See Meconin. 


XODOMELAHXLIVE. See Melanii.ine. 

XOBOMCBSLCtriUkTSB. Compounds of mercuric iodide with tho more basic 
iodides. (See Mercury, Iodides of.) 


XOBOKETHYEAMINE, See Methyl AM mK. 
XOBOMETKY&-SELENXOTJ 8 ACID. See Sf.lenious Ethers. 
XODOMOXPHXXrfl. See Morphine. 

XODONICOTXNE See Nicotine. 

XODONXTEOBARMINZL Syn. with Di-iodide of Nr 
XODOMTXTKOFHXUNTXC ACID. Seo Phf.nic acid, De* 
XODOPA?AVEBXNB. See Papaverine. 

XODOPBBinr XAMXinB. See Phenylaminb, Derivatives of. 

XODOPHBirncXTRACOVXMXDB. See Citracoxic acid, Amides of 

(i. 993). 


ROHARM1XE (p. 11). 

Natives of. 


XOBOFVAlWrXi. Syn. with Iodomkconin. 

*01>0»3tAXIWATrs Compounds of platinic iodide with the more basic 
iodides. (See Platinum, Iodides of.) 

XODOPBOPT LBBE. See Allyl, Iodides of (i. 142). 

; XODOPTBXTB. Syn. with Ioditb. 

XODOPTBOMEOOHIO ACID. Sec Pyromeconic acid. 

■ XOlftOqimranB. See Quinine. 

XODOBAX 1 XOYX 1 XC ACXDi See Salicylic acid. 
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X0B08TST0HNZNB. See Strychnine. 

SOBO^KJSSTXT w TXOV COMPOUNDS. Iodine, though generally speaking 
vary similar in its action to chlorine and bromine, acts for the most part less 
energetically, and is much less disposed to form substitution-compounds by direct 
action. Some compounds containing hydrogen, indeed, are acted upon by iodine in the 
same manner as by bromine or chlorine, part of the hydrogen being abstracted to form 
hydriodic acid, and its place being supplied by an equivalent quantity of iodine; such 
is the case with ammonia (iii. 280), ethylamine (ii. 536), methylamine, and phenylamine. 
But iodated organic acids cannot, for the most part, be formed in this way ; to produce 
them from the original acids it is necessary to use chlorido of iodine instead of free 
iodine, so that the superior affinity of the chlorine for hydrogen may remove it, and 
enable the iodine to take its place (p. 294) e. g . : 

C 5 H*0 9 + IC1 = IICI + C a H*IO*. 

Pyrom» j - Iodopy re- 

conic acid. mecoidc 

acid. 

On the other hand, Kekul6 (Chom. Soc. J. xvii. 206) lias lately shown that many iodo- 
substitntion compounds are decomposed by hydriodic acid, iodine being set free and 
the original ucid reproduced, c. g. : 

C 3 IPIO* + HI * C 3 H 8 0 3 +- P. 

Iodopropi- Propionic 

onic acid. acid. 

It is evident that where this reaction takes place, it is impossible that an iodised com- 
pound can bo produced by the direct action of iodine on an organic acid. [For an 
exception, perhaps only apparent, to this rule, see Sai.icyj.ic acid.] 

Thu action of hydriodic acid on iodated organic compounds just noticed explains 
the reducing action which it exerts on certain organic acids (p. 285). The reaction 
takes place in two stages, an iodo-suhstitutiou compound being first formed, and 
subsequently decomposed in the manner abovo explained, e. g:. 

C*H 4 0* + III = IPO + C’lPIO*. 

Glycollic lodacotlc 

acid. acid. 

C*IPI0 2 + III - I 3 + C’lI'O 3 . 

Iodacctic Acetic 

acid. acid. 

ZOBOStJLPHXBfi OF ANTIMONY. See Antimony (i. 338). 

XODOTSDDTTRATXiS. See Tellurium, Iodide op. 

XODOTOLTJYLIC ACID. Seo Toluylic ACID. 

XOXiXTE. Syn. with Dxchroitr (ii. 320). 

XOSrfTAPHTHXftT. This name is given by Carey Lea (Sill. Am. J. [2] xxxif. 
211) to a colouring matter obtained in preparing naphthyl amine from nitronaphthylene 
by the siction of ferrous acetate ( Gmdin's Handbook , xiv. 95, 5). If the mixture is 
heated before being treated with caustic potash, a faint red-coloured liquid distils over, 
which turns violet on addition of mineral acids, and if subsequently heated, assumes a 
dark purple- blue colour, and after a while yields a black crystalline precipitate, the 
quantity of which is increased by further heating; this is 'onnaphthin. The crystals 
aro black, with green metallic reflex, and dissolve in alcohol with blood-red colour, 
which, on addition of a very small quantity of sulphuric or nitric acid, changes to 
scarlet, and finally to purple-blue, is not altered by heating with sulphuric acid, but is 
changed to straw-yellow by hot. nitric acid. From the brown mother-liquor, ammonia 
throws down dark-coloured flocks, which are insoluble in water and m alcohol, aro 
blackened by dilute sulphuric acid and bichromate of potash, and then form a violet 
solution with dilute nitric acid. 

XPSOAOVANHA. An emetic substance, the root of several plants growing in 
South America. All the kinds have nearly the same ingredients, but diner in the 
amount of the active principle (tnutin) which they contain. The best is the annulated, 
yielded by Cephali * Ipecacuanha , a small slirubby plant of the rubiaceous order, native 
of Brazil and New Granada. It i is found in commerce in pieces from 2 to 6 inches long 
and about the thickness of a straw, much bent or twisted, and sometimes branched, 
with a remarkably knotty character, owing to numerous circular depressions or clefts, 
which give the whole the appearance of a number of rings. It consists of a central 
axis called mcdituUium , and an external portion called the cortical part. Each of 
these contains emetin, bnt by far the greater portion exists in the cortical part. 
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The following are analyses of different kinds of ipecacuanha s 


Fatty matter 
War . 

Resin 

Emetin 

Non-emetic extract 
Gum . 

Albumin 
Starch . 

Woody fibre . 

Gallic acid ? . 

Loss . 



Cortical 

Medt- 


part. 

tuUium. 


2 

trace 

\ 12 

6 


1 1-2 



160 

16 

116 

# 9 

2*45 

’2*4 

10 

6*00 . 

2-4 

63-0 

42 

20*00 

12*5 

20 

66*40 

trace 

11*3 

4 

6*00 

Tbo-o 

100 

100*00 


2 

14 

16 

18 

48 

2 

100 


a. Grey ipecacuanha, analysed by Barruch and Richard (the 2'4 per <^nt. gum 
includes saline matters), b. Blackish-grey, analysed by Pelletier. C. Reddmh-grey, 
deprived of its meditullium, analysed by Pelletier. In an ash-grev variety Pelletier 
found 9 per cent, fatty matter, 12 emetin, and 79 starch, gum, and woody fibre. 

Another sort of ipecacuanha is obtained from the Psychotria emetica. This kind 
contains only 9 per cent, emetin; and the undulated or amylaceous ipecacuanha, the 
produce of Richardsonia scabra, contains only 6 per cent, emetin, with 92 per cent, 
starch. Besides these, the roots of numerous other plants are used m tropical countries 
as emetics, and often termed ipecacuanha. (Pelouzo etFr^my, Tratti , vi. 399. 
Penny Cyclopedia , xiii. 17. — Rochledor, Pkytockcmie , s. 131.) 

IPECVAXflO ACID. An acid existing, according to Willi gk (Ann. Ch. Pharm. 
lxxvi 342), in the root of Ccphalis Ipecacuanha, It is extracted from the root by 
boding with alcohol, precipitating with basic acetate of lead, and decomposing the lead- 
salt with sulpliydric acid. It is a reddish-brown, very bitter, amorphous mass, soluble 
in ether, more soluble in alcohol and water. It colours ferric salts green, the colour 
being changed to violet by ammonia. Its dilute solution does not precipitate neutral 
acetate of lead. When mixed with an alkali, it absorbs oxygen from the air and 
becomes coloured. It gives by analysis 50 22 per cent C, and 6'23 II, whence 
Willigk deduces the formula C H ir 8 0’. Pelletier (Ann. Ch. Phys. iv. 172) regarded 
it aB gallic acid. 

f A pr»r r ACID. An acid produced by the action of nitric acid on rhodeoretic 
acid, a derivative of jalap-resin ( q . v.) It agrees with sebacic acid in all its properties 
excepting its melting point— which is 104°, whereas sebacic acid melts at 127°— and in 
some of its relations to bases (Mayer, Ann. Ch. Pharm. lxxxiii. 143). See Sbdacic 


acid. 

ntXDXlTM. Ir. Atomic weight 198 26. — The black scales which remain when 
native platinum is dissolved in nitromuriatic acid were found by Smithson Tennant 
(Phil. Trans. 1804) to consist of an alloy of two metals, iridium and osmium, hence called 
iridosmine. The same alloy occurs in flat white metallic grains in native platinum. 
Iridium has also been observed in combination with about 20 per* cent, of platinum, 
crystallised in octahedrons, which are whiter than platinum, aid are said to have & 
greater density, namely 22*66. Jfife . , 

The separation of the osmium and iridium is effected by th ^pillowing methods t 
1. The iridosmine is mixed with an equal weight of common" salt* and subjected to 
the action of a stream of chlorine in a porcelain tube heated to redness. Double 
chlorides of iridium and sodium, and of osmium and sodium, are then formed, and if 
the chlorine is moist, a certain quantity of osmic acid, which volatilises, and may be 
condensed in aqueous ammonia. The mixture of the double chlorides is detached from 
the tube and boiled with nitric acid. Osmic acid is then evolved, and may be. con- 
densed in an alkaline solution, while the chloride of sodium and iridium remains in the 
solution, and, when mixed with sal-ammoniac, yields a precipitate of chloride of 
iridium and ammonium, which, on ignition, leaves metallic iridium. (Wohler, Pogg. 
Ann. xxxi. 161.) ■ , . , , , . 

A mixture of 100 grms, of iridosmine and 300 gnus. of nitre is placed m an 
earthen crucible, and heated to bright redness for an hour, the resulting mixture of 
dsm&te and iridiate of potassium poured out on a cold metal plate, then introduced into 
a tubulated retort, and distilled with a large excess of nitric acid. A large quantity of 
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oemie acid then volatilises and condenses in the receiver in beautiftil white crystals. 
As soon as the evolution of osmic add ceases, water is added, and the residue, 
consisting of oxide of iridium, with a certain quantity of oxide of osmium, is 
collected on a filter and boiled with nitromuriatic acid, which dissolves the two metals 
as chlorides. The solution is then mixed with sal- ammoniac, which precipitates 
chlorosmate and chloriridiate of ammonium ; and the mixed precipitate iB suspended 
in water and exposed to a current of sulphurous acid, whereby the chloriridiate of 
ammonium, NH 4 IrCl*, is converted into chloriridite, (NH 4 ) # Ir*Cl* which dissolves, while 
the chlorosmate of ammonium remains unaltered, and does not dissolve : this latter 
chloride yields pure metallic osmium by calcination. The solution of chloriridiate of 
ammonium leaves, when evaporated, beautiful brown crystals, which by calcination 
yield metallic iridium. (Fr^my, Compt. rend, xviii. 144.) 

J Iridosmine generally, however, contains platinum as well as other metals of the same 
group, which are not effectually separated by the methods just described. The com- 
plete separation of the several metals of the platinum group has of late years formed the 
subject of several elaborate investigations, which will be more fully considered under 
Platinum ; those more especially relating to iridium are the following: 

3. The separation of iridium from platinum depends upon the ready convertibility of 
the chloriridiate of ammonium or potassium to a lower degreo of chlorination by the 
action of reducing agents, and the easy solubility of the resulting double chloride. 
Muckl^ and Wohler (Ann. Ch. Pharm. civ. 368) treat chloriridiate of ammonium 
containing platinum with solution of cyanide of potassium, adding the solution 
cautiously and avoiding an excess, then digest it at a gentle heat till tne undissolved 
portion has acquired a light yellow-brown colour. The chloriridiate of ammonium is 
thus converted into chloriridite of potassium, which easily dissolves, whereas the chloro- 
platinate resists the action of the reducing agent much longer, and remains undissolved. 
The completion of the process is plainly indicated by the change of colour of the un- 
dissolved salt, since the presence of a small quantity of the iridium-salt gives a deep 
red colour to the chloroplatinate. 

The separation may also be effected by sulphocyanate of potassium, the action of 
which is similar to that of the cyanide, but somewhat more complex. It is better, 
however to reduce the chloriridiate of ammonium by sulphydric acid, or by sulphurous 
acid, as in Fr^my’s method (see above), because metallic iridium may then be imme- 
diately obtained by simply evaporating the filtered solution of the chloriridite of am- 
monium, and igniting the residue. (Claus, Ann. Ch. Pharm. evii. 129; Juhresb. 
1858, j>. 210.) 

4. The iridosmine which remains after the complete exhaustion of platinum ore 
with nitromuriatic acid is a mixture of two substances, one of which is scaly and 
consists of osmium, iridium, and ruthenium, while the other, which is granular, contains 
but mere traces of osmium and ruthenium, but is very rich in iridium and rhodium. 
Now when this residue is heated to bright redness in a porcelain tube through which 
a current of air (freed from carbonic arid by passing through potash, and from organic 
matter by passing through oil of vitriol) is drawn by means of an aspirator, osmic acid 
and oxide of ruthenium are formed, the latter crystallising in the colder part of the 
tube, while the more volatile osmic acid is carried forwards (see Osmium and Ruthb- 
nium), and an alloy of iridium and rhodium remains behind. To separate these metals, 
the residue thus obtained is calcined in an earthen crucible with four times its weight 
of nitre, care being taken not to carry the process too far ; and the product is exhausted 
with boiling water and filtered. The filtrate consists of an alkaline solution of osmite 
of potassium, the osmium never being completely removed by the previous roasting, 
while a copious precipitate containing the indium and rhodium, together with potash, 
remains on the filter. On treating this precipitate with nitromuriatic acid for several 
hours, the iridium is converted into chloriridiate of potassium, which may be dissolved 
out by boiling water, the rhodium still remaining undissolved. (Fr6my, Compt. rend, 
xxxnii. 1008.) 

6. Iridosmine in fine powder (into which state it may be brought by calcining it in 
a crucible with four or five times its weight of zinc, till the flame no longer exhibits 
any trace of that metal) is mixed with 3 ptg. peroxide and 1 pfc. of nitrate of barium, 
and heated to redness for an hour. The black friable substance remaining in th® 
crucible, and consisting of osmo-iridiate of barium containing ruthenium, is freed from 
°smic acid by prolonged boiling with nitromuriatic arid ; the baryta is then precipitated 
by the exact quantity of sulphuric arid required (this quantity being known from the 
previous weighings) ; the dark red filtrate mixed with excess of hydrochloric arid is 
evaporated over the water-bath, and mixed, towards the end of the operation, with a 
large excess of solid sal-ammoniac ; the residue, no longer smelling of acid, is washed, 
first with a concentrated solution of sal-ammoniac (which dissolves out the rhodium, 
^^gether with metals not belonging to the platinum group) till the liquid no long&v 
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runs away coloured, then with a more dilute solution of the same salt ; the residue, 
chiefly consisting of chloriridiate of ammonium, is dried, heated to ' commencing 
redness (so as to decompose the ammonium-salts completely, the chlorides of the 
platinum metals imperfectly), then in a current of hydrogen to -complete the reduction ; 
and the resulting metallic sponge, in which the metals are not alloyed, but only 
mechanically mixed, is treated with nitromuriatic acid, which completely removes any 

? latinum that may still be present, but leaves behind a certain quantity of osmium. 

'he remaining pulverulent metallic mass is then fused with a mixture of nitrate and 
hydrate of potassium ; and the unattneked portion of the metal, after being carefully 
freed from rutheniate of potassium by washing with water, is heated to whiteness in 
a crucible lined with charcoal, in which it bakes together; then placed in a vessel of 
lime and ignited in an oxy-hydrogen flame containing excess of oxygen, till every 
trace of the odour of osmium has disappeared ; and lastly, fused at the strongest 
heat which the oxy-hydrogen flame is capable of producing. (Devi lie and Debray, 
Ann. Cb. Phys. [3] lvi. 38 6 ; R6p. Chim. pnre, 1859, p. 541 ; Jahresber. 1859, p. 241.) 

6. An intimate mixture of 100 pts. iridosmine or platinum -residues, 100 pts. 
nitrate of barium and 200 pts. caustic baryta, is heated in a red-hot earthen crucible 
and the fritted mass, after being pulverised, is thrown by small porlions into cold’ 
water, then mixed with nitric acid, and heated till all the osmium is driven off as 
osmic acid. A small quantity of hydrochloric acid is then added ; the liquid is heated 
and filtered through gun-cotton ; and the iridium is separated from the other metals 
contained in it, as in the preceding method. (Deville and Dcbray, Compt rend 
liv. 1138.) J A 

7. Platinum-residue, finely pulverised and freed by levigation from the coarser graina 
of osmide of iridium, is gently ignited in a covered crucible, then mixed with 1 pt. 
finely granulated lead and ljr pt. litharge, and heated, with stirring, in a thiek- 
buttoraed hessian crucible till the mixture becomes perfectly fluid. By this means all 
the silicates and earthy minerals present are converted into a slag ; the metals more 
oxidablo than lead are oxidised; and the specifically heavier platinum-metals 
collect in the Iead-regulus. The latter, after being freed from slag, is dissolved at a 
gentle heat in nitric acid diluted with lj vol. water, which dissolves principally 
copper and palladium, leaving a residue winch, when washed by decantation, consists 
of a fine black metallic powder of iridium, rhodium, and ruthenium, together with lino 
grains and scales of iridosmine, which must he separated by levigation. The black 
powder is immediately available for further treatment ; the iridosmine, on the other hand 
(together with the coarser grains obtained by levigating the crude platinum-residue), is 
reduced to powder by fusing it in a charcoal crucible with twico its weight of granulated 
einc, and then raising the heat to whiteness to drive off the zinc (p. 315). The finely 
divided iridosmine, is then heated in a stream of oxygen to expel tho osmium, and the 
residue, together with the black powder of iridium, rhodium, and ruthenium above- 
mentioned, is mixed with an equal weight of chloride of sodium, and decomposed' by 
Wohler’s method with chlorine gas (p. 314). The dark brown solution thus obtained is 
mixed with a little hydrochloric acid and one-fourth of its bulk of ordinary nitric acid, and 
distilled to one-third, the osmic acid which passes over being condensed by ammonia; 
the remaining liquid, which contains the double chlorides of iridium, &c., is mixed, 
while still warm, with an equal volume of a saturated solution of sal-ammoniac; and the 
red-brown precipitate, after standing for some days, is separated from the liquid, and 
washed with sal-ammoniac solution till the liquid runs off colourless. Tho wash- 
water contains the whole of tho rhodium-salt, the mother-liquor consists chiefly of 
chloride of iron and ammonium, with traces of iridium, rhodium, and gold. The pre- 
cipitate, consisting of chloriridiate of ammonium contaminieU with platinum and 
ruthenium-salt, is mixed, after drying, with 1^ pt. cyanide of pS^sium, and melted for 
10 or 15 minutes in a capacious porcelain crucible ; the cooledjfffass is dissolved in tho 
smallest possible quantity of water ; and the yellow filtrate (after the whole of the free 
cyanide of potassium has been decomposed by dilute hydrochloric acid) is precipitated 
l?y sulphate of copper. The resulting precipitate, consisting chiefly of platino- and 
iridio-cyanide of copper, is washed with boiling water, first by decantation, then on a 
filter, and finally decomposed with boiling baryta-water, whereby oxide of copper is 
separated, and the platinum and iridium are converted into platino- and iridio- cyanides 
of barium, which are easy to separate, the platinum-salt, which is much more soluble 
in hot than in cold water, separating out completely at first, and the white iridium-salt 
crystallising afterwards. The mother-liquor of the iridium-salt contains a small qnan 
tity of rathenio-eyanide of potassium ; any rhodium- salt that may be present may bo 
precipitated by acetic acid. (C. A. Martius, Ann. Ch. Pharm. cxvii. 357: Jahresber. 

1860, p. 202.) 

. 8. The following process is given by Deville and Debray (Ann. Ch. Phys. [3] 
uu. 5 j Jahresb. 1861, p. 889) for obtaining iridium, pure or alloyed, from the substance 
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turning iridium as oxide, and having the following average composition: 

Volatile substances (and oxygen) . * * 28 0 

Soluble salts (NaCl and CftSO 4 ) ♦ « • 12*0 

Platinum 3*8 

Rhodium ........ 1*8 

Palladium 0*4 

Copper . . . . . . • . 0*6 

Iron « . . • • . • • .07 

Iridium (and loss) 62*7 

1000 


The substance is ignited in a crucible lined witli charcoal ; and the residue is washed 
with water, heated with strong sulphuric acid to the boiling point of that liquid, and 
again washed with water, whereby all the soluble salts are removed, together with the 
copper and iron. If the amount of platinum is known, and the object is to prepare an 
alloy, the washed metal is heated to whiteness (to give it a compact texture), and then 
fused before the oxy-liydrogcn blowpipe. To obtain puro iridium, the crude metallic 
powder, after treatment with sulphuric arid, is digested with nitromuriatic acid, the 
greater part of the iridium (with traces of rhodium) then remaining behind. 

Metallic iridium is obtained from the chloride by reducing that salt with hydrogen 
at. a red heat, or by exposing it alone to a very high temperature, or more easily by 
igniting the chloriridiute of ammonium (p. 314), in the form of a grey metallic powder 
much resembling spongy platinum. It is the most refractory of all bodies excepting 
ruthenium and osmium ; not being fusible in the flame of the ordinary oxy-hydrogen 
blowpipe. Children, however, by the discharge of a very large voltaic battery, 
succeeded in melting it into a globule which was white and very brilliant, but still a 
little porous, and had a density of 18 G8; and Dovillo and Debray, by moans of their 
powerful oxy-hydrogen blast furnace, have fused it completely into a pure white mass, 
resembling polished steel, brittle in the cold, somewhat malleable at a red heat, and 
having a density equal to that of platinum, viz. 21*15. By moistening the pulverulent 
metal with a small quantity of water, pressing it tightly, first between filtering paper, 
then very forcibly in a press, and calcining it at a white heat in a forge-fire, it may be 
obtained in the form of a compact, very hard mass, capable of taking a good polish, but 
still very porous, and of a density not exceeding 16*0. After strong ignition it is in- 
soluble in all acids, but when reduced by hydrogen at low temperatures, it oxidises 
slowly at a red heat, and dissolves in nitromuriatic Acid. It is usually rendered 
soluble by fusing it with nitre and caustic potash, or by mixing it with common salt, 
or better with a mixture of the chlorides of potassium and sodium, and igniting it in a 
current of chlorine, thereby it is converted into the soluble ebloriridiate of potassium or 
sodium. 

XSXBXUM, ALLOYS 02*. 1 pt. of iridium combines at a white heat with 

4 pts. of copper, forming aductile, pale red alloy, which is much harder than copper, 
and gives up its copper to nitric acid, the iridium remaining in the form of a black 
powder. 

"With gold, iridium forms a malleable alloy, having a colour very much like that of 
gold: nitromuriatic acid dissolves out the gold and leaves the iridium. 

1 pt. of iridium and 8 pts. lead heated together to an intense red heat, form an 
alloy which is very ductile, but much harder and whiter than lead, and behaves with 
nitric acid like the copper alloy. On cupellation, the iridium is left as a soft black 
powder. 

With mercury, iridium forms a viscid amalgam, which is obtained by immersing 
sodium-amalgam in an aqueous solution of cliloriridiate of sodium. When very strongly 
ignited, it leaves a black powder, from which boiling nitric acid extracts a small 
quantity of mercury, leaving a residue of pure iridium, soluble in boiling nitromuriatic 
acid. (Bottger, J. pr. Chem. xii. 252.) 

The compound of iridium and osmium is not, properly speaking, an alloy, inasmuch 
as osmium is rather a metalloid than a metal. (See IiiinosMiNB.) 

Platinum and iridium easily melt together, and form alloys which, even when they 
contain 20 per cent, of iridium, are still malleable and capable of being worked, but 
are less easily attacked by chemical reagcnls than pure platinum. (Deville and 
Debray.) 

Equal weights of the two metals form a brittle alloy capable of welding to a certain 
extent. The alloy of platinum with a few parts per cent, of iridium is ductile and much 
harder than pureplatinum, and more capable of resisting the action of fire and of chemical 
reagents (Berzelius). An alloymado by fusing 1 pt. iridium and 10 platinum in the 
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. flame of the oxy hydrogen blowpipe, is very malleable, susceptible of bardentBg, does 
not tarnish, and when laid on copper serves for metallic mirrors. (G*'U&itt,<?. 
Ohem. xvi. 65.) # ... ^ 

A native alloy of'iriditlm and platinum called native iridium occurs in the Ural 
in cubo-octahearonS of specific gravity varying from 21*85 to 22*65 and 22*8, and in 
Brazil in white round grains of specific gravity 16*94. (Svanberg, QmdirC s Handb. 
vi. 393.) ' 

Pt. Ir. • Rh. Pd. 04. Fe» Cu. 

Ural . 19-64 76‘85 . . 0‘89 . . . . 1*78 - 99*16 

Brazil . 55*44 '27*79 6-86 0*49 trace 4*14 3*30 — 98*02 ’ 

1 pt. of iridium uhites but imperfectly with 2 pts. of silver. (Vauquelin.) 

1 pt. of iridium unites with 4 pts. of tin at an intense red heat, forming a dull white 
r easily crystal lisable, hard, malleable alloy. (Vauquelin.) 

When iridosmine is fused with from 5 to 6 times its weight of tin, the alloy being 
kept for a long time at a red heat in the charcoal crucible, then nlowly cooled and 
treated with hydrochloric acid, tin passes into solution, together with traces of iridium, 
and there remains a mixture (separable by a fine sieve) of finely pulverulent crystalline 
osmium, and large shining cubic crystals of an alloy of tin ana iridium, which iB not 
attacked by nitromuriatic acid, but when strongly ignited in an atmosphere of sulphy- 
dric acid, gives off the whole of the tin, amounting to 56*6 per cent., as sulphide, 
leaving 43 4 per cent iridium. — By fusing tin with a mass containing platinupi, 
iridium, and rhodium, and dissolving the excess of tin in hydrochloric acid, a 
crystalline residue is obtained, whose composition (if Pt denotes the platinum metals 
in general) is PtSn\ (Devil l e and Do bray.) 

An alloy of iridium and zinc, obtained as in Deville and Debray’s first method of 
preparing an alloy of iridium and tin, is not crystallisable. 

ZXZDZTTM, OASBZSB OF. When a coherent mass of iridium is held in the 
fame of a spirit-lamp, black masses appear on its surface, which are a carbide 
containing 19*83 per cent carbon, or IrC 4 . The carbon burns off readily in the air. 

XRXBZVM, OHLOBZDBS OF. Iridium appears to form four compounds with 
chlorine ; but only two of them have been obtained in definite form. 

The dichloride, IrCl*, is said by Berzelius to be formed when pulverised 
iridium is heated to low redness in chlorine gas. It is described as a dark olive-green 
powdtat^' insoluble in water, slightly soluble in hydrochloric acid, and forming double 
salts with the chlorides of the alkali-metals. According to Claus, however (Ann. Ch. 
Pharm. lix. 255), the so-called dichlorido of iridium is merely a mixture of the 
trichloride with metallic iridium. The dichloride appears, however, to exist in 
certain doublo salts (p. 322). 

The trichloride , Ii^Cl®, is prepared by dissolving the sesquioxide in hydrochloric 
acid, and evaporating; it also sublimes when iridium, either alone or mixed with 
nitre, is ignited in chlorine gas. It is black, deliquescent, and does not crystallise. 
It unites with the chlorides of the alkali -metals, forming double salts, called chloro- 
iridites, which are prepared, either by mixing the solutions of the component 
chlorides in the required proportions, and evaporating, or by reducing the solutions 
of the corresponding chloriridiates with sulphurous acid, sulphydric acid, alcohol, 
or ferrocyanide of potassium. Claus has obtained the compounds 6NH*Cl.Ir*Cl*. 
6H*0, eKClJr’Cl-.eiDO, and 6NaCl.Ir*Cl a .24H 3 0. They are olive^reen, pulveru- 
lent salts, soluble in water ; the sodium-salt is also soluble in alcohol ; the other 
two are insoluble in alcohol. Berzelius obtainod a potassium-salt containing 
4KCL.Ir*Cl f . " > 

Chloriridite of silver, Ag*Ir J Cl lz = 6AgCl.Ir z Cl*, is product on adding nitrate of 
silver to aqueous chloriridiate of potassium, as a deep inMfco-coloured flocculent 
precipitate, which, however, becomes paler in a few seconds, aan finally loses its colour 
altogether. The reaction, which is attended with evolution of oxygen, is : 

6AgN0> + 2K*IrCl* + H’O ~ Ag-Ir^CP* + 4KNO* + 2HNO* + 0. 

With a boiling solution of chloriridiate of potassium, the same compound is formed 
immediately, without the intermediate production of a blue substance. The silver- 
salt is insoluble in water and in acids, and but slightly soluble in ammonia. When 
it is covered with strong aqueous ammonia and left to itself for a few days, one portion 
dissolves, and the remainder is converted into a crystalline modification of the salt 
composed of rhombohedrons having an adamantine lustre. (Claus, Ann. Ch. Pharm. 
lxiii. 338.) 

The tetrachloride, IrCl\ is obtained by dissolving very finely divided iridium, 
or one of its oxides, or the trichloride, in nitromuriatic acid, and heating the 
liquid to the boiling point. On evaporating the solution, it remains in the form 
of a black, deliquescent, amorphous mass, translucent with dark red colour at the 
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«lge*. Xl sustains a rather strong heat without deoompoeition r but at a higher 
temperature is reduced to the trichloride and ultimately to metallic iridium 
•plane 1 ins). It dissolves in water, forming a reddish-yellow solution* It udites 
with the alkaline chlorides, forming definite crystalline double salts called chlor* 
iridiates, the general formula of which is M'IrCl a = 2MCl.IrCl 4 . The ammonium* 
$alf t »NH'Ci.IrCl 4 .H*0 or (NH^IrCrMPO, is obtained, on mixing the solutions of 
the component chlorides, as a very dark brown precipitate, which dissolves in boiling 
water and crystallises in octahedrons on cooling* It dissolves in 20 pts. of cola 
water, forming a dark red brown liquid, and imparts distinct coloration to 4,000 pts. 
of water. The red colour often exhibited by chloroplatinate of ammonium is due to 
small quantities of this salt The aqueous solution supersaturated with ammonia 
forms a pale yellow mixture, which becomes perfectly colourless when exposed to 
light, but afterwards turns purple, then violet, and finally assumes a beautiful blue 
colour. 

The chloriridiates are easily converted, by the action of sulphurous acid, sulphydric 
acid, and other reducing agents, into the more soluble chloriridites, a reaction which 
affords the means of separating iridium from platinum, the chloroplatinates being 
but very slowly reduced under the same circumstances, and not converted into more 
soluble salts (p. 315). 

The potaseium-salt, K a IrCl* = 2KClJrCl\ is precipitated on mixing the aquoous solu- 
tions of its component salts. It may also be prepared by passing chlorine gas over a 
gently ignited and intimate mixture of finely divided iridium and chloride of potassium ; 
filtering from unaltered iridium ; dissolving the unfused black-brown mass in hot 
water; mixing it with nitromuriatic acid and evaporating to dryness; extracting the 
excess of chloride of potassium by small quantities of cold water ; dissolving the residuo 
in boiling water ; adding a small quantity of nitromuriatic acid ; and evaporating to tho 
crystallising point. It crystallises in black octahedrons, yielding a red powder. It 
dissolves very slowly in cold water, but quickly in boiling water, forming a liquid which 
appears deep red in the mass, but yellow in thin films. It is insoluble in saline solu- 
tions and in alcohol, which precipitates it from solution in water. The aquoous solution, 
mixed with excess of potash, bohaves in tho same manner as the ammonium-salt with 
excess of ammonia. At a strong heat, it is converted into chloriridite of potassium, 
and at a still higher temperature, leaves metallic iridium mixed with chloride of po- 
tassium. The sodium-salt, Na’TrCRfllPO or 2NaCl.IrCK6H*0, is obtained, Jjjte the 
potassium-salt, by pissing chlorine over a gently ignited mixture of iridium and chloride 
of sodium. It forms black tables and four-sided prisms with dihedral summits, ieo- 
morphous with the corresponding platinum-salt. When heated, they leave the anhydrous 
salt in the form of a brownish-grey powder. It is easily solublo in water, and tho 
solution mixed with sal-ammoniac yields a precipitate of chloriridiate of ammonium. 

A hexckloride of iridium was obtained by Berzelius, in combination with chloride of 
potassium, by fusing iridosmine with nitre, distilling the product with nitromuriatic 
acid, and treating the residuo witli successive portions of water. A dark red solution 
was then obtained, which yielded a salt having the composition 6KCJ.Ir(Jl", but 
according to Claus, the salt thus obtained was really a ruthenium-compound, having been 
prt-pared by Berzelius from iridosmine containing ruthenium. Pure iridium fused with 
nitre and distilled with pitromuriatic acid, yields a saltcontainingdichlorido of iridium. 

ntxuxtrac, SSTBCTZOir AVD BSTXMAT low. Iridium in its free state 
|b easily distinguished from all other metals, excepting rhodium and ruthenium, by its 
insolubility in acids, not being attacked in the compact state by any acid whatever, 
and in the state of fine division, only very slowly by nitromuriatic acid. Its infusibility, 
even in the ordinary oxy-hydrogen blowpipe flame, serves alsoto distinguish it from ail 
metals excepting rhodium, ruthenium, and osmium. 

It may bo distinguished from rhodium by fusing it in the finely divided state with 
acid sulphate of potassium. The iridium is then converted into sesquioxide, but dries 
m>t dissolve in the acid sulphate or colour it red, as rhodium does. Another method 
of distinguishing iridium from rhodium, and likewise from ruthenium, is to mix it 
intimately with chloride of potassium or sodium, heat the mixture in a stream of 
chlorine, and dissolve the resulting double chlorido in wator : iridium thus treated 
yields a black-brown solution, rhodium a rose-red, and ruthenium an orange-yellow 
elution, (gee Rhodium and Ruthenium.) 

All compounds of iridium are easily reduced tothemetallic state by ignition inanatmo- 
sphere of hydrogen ; the reduced metal may then betfcsted in the manner just described. 

Iridic solutions (containing the dioxide or tetrachloride), which are those of most fre- 
quent occurrence, are of a dark brown-red colour; iridous solutions (containing the 
•c^quioxide or trichloride) have an olive-green colour. The characters of an iridic 
jolution are best observed with chloriridiate of sodium, as all the other compounds are 
l ’ ut rci 7 slightly soluble. 
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Caustic potash in excess decolorises the solution of an iridic salt, changing tlie dark 
red colour to a very faint greenish tint, and after some time throws down a slight 
blftck- brown precipitate of chloriridiate of potassium. If the clear solution be heated, 
and then left in contact with the ai**, it first acquires a faint red and then a blue 
colour, gradually increasing in intensity from the surface downwards, and ultimately 
becoming as deep as that of an ammoniaeal solution of copper. The solution evapo- 
rated to dryness, leaves a white mass, which, when treated with water, yields a colour- 
less solution and an insoluble blue powder consisting, according to Claus, of iridic 
hydrate. This is the most characteristic of all the reactions of iridium. The presence 
of palladium interferes, however, with the production of the blue colour, and gives rise 
to the precipitation of iridic oxide. A solution of iridium containing platinum is like- 
wise not coloured blue by potash, but is decolorised, and yields a red precipitate of 
chloroplatinate of potassium containing iridium; on heating the liquid, this precipitate 
redissolres, and another precipitate is formed consisting of platiniferous iridic oxides. 
If the solution contains rhodium, no alteration takes place at first ; but subsequently, 
a light yellow precipitate of rhodic hydrate is produced ; or if the solution is not, the 
precipitate is of a dirty greyish-green colour, and the solution becomes colourless. 

Ammonia in excess also decolorises iridic solutions, and forms a slight blackish pre- 
cipitate. On boiling the solution for some time, till the greater part of the ammonia 
is expelled, the solution acquires a blue colour, especially if left exposed to the air; 
but the colour is neither so pure nor so deep as that produced by potash. The pre- 
sence of palladium, platinum, or rhodium modifies the reaction with ammonia much in 
the same manner as with potash. Carbonate of potassium forms a red-brown preci- 
pitate, which gradually dissolves, the liquid afterwards turning blue when exposed to 
the air. Carbonate of ammonium imparts a blue colour to the liquid under the in- 
fluence of the air. Sulphydric acid decolorises the solution at first, and afterwards 
forms a brown precipitate. Chloride of ammonium forms a dark cherry-red, pulveru- 
lent precipitate of chloriridiate of ammonium. Fcrrocyanide of potassium and proto- 
sulphate of iron decolorise the solution. Dichloride of tin forms a light brown 
precipitate. Zinc precipitates metallic iridium as a black powder. 

Quantitative esti mation and separation. — Iridium is completely precipi- 
tated from the solution of an iridic salt by treating the solution with chloride of am- 
monium or chloride of potassium, and then adding alcohol containing ether, in which the 
chloriridiate of ammonium or potassium is quite insoluble. The precipitate may be 
collected on a weighed filter, washed with alcohol and ether, dried in the water-bath, 
and then weighed. The ammonium-precipitate contains 44*21 percent., the potassium- 
precipitate 40*38 per cent, iridium. The ammonium-precipitate may also, after washing 
with ether-alcohol (not on a weighed filter), and drying, be carefully ignited in a tared 
platinum crucible, and the weight, of the remaining iridium directly determined. 

If the iridium exists in solution as sesquichloride, it must, before precipitation, be 
converted into dichloride bypassing chlorine gas into it, or heating it with nitro- 
muriatic acid. 

The mode of precipitation just described serves for the separation of iridium from 
all metals excepting platinum, rhodium, ruthenium, and osmium ; and from all these, 
except rhodium, it may be separated by reducing it to the state of sesquichloride, and 
then adding to th© liquid an excess of a concentrated solution qf sal-ammoniac. Chlori- 
ridite of ammonium, 6NH 4 Cl.Ir*Cl f , is then formed, which is soluble in sal-ammoniac, 
whereas the double compounds of chloride of ammonium with the chlorides of the other 
platinum-metals (except sesquichloride of rhodium) are insoluble in excess of chloride 
of ammonium. , 

The reduction of dichlorido of iridium in solution to sesqmehlorido may ho effected 
by any of tho reducing agents already mentioned (pp. 315, Slfi^but the mostconvenient 
for analytical purposes is sulphydric acid. 

When, for example, iridium is to be separated from plato-num, both being in the 
form of tetrachlorides, the mixture of these compounds, or rather their double salts 
with chloride of ammonium or potassium, may be treated with a small quantity of 
water, and solution of sulphydric acid added by small portions. The reduction of tho 
iridic chloride then takes place immediately, a green liquid being formed, rendered 
milky by precipitated sulphur, and coloured brown by sulphide of platinum, if that 
metal is present in rather largo proportion. Iridium is not precipitated from its solu- 
tions as sulphide by sulphydric acid at ordinary temperatures, unless the reagent is 
added in very large excess, and even then the precipitation takes at least 24 hours. 
The reduction of the iridium to trichloride being complete, sal-ammoniac is added in 
excess, and the liquid filtered, Tho platinum then remains undissolved, while the 
iridium passes into the filtrate, and may be reconverted into tetrachloride by means of 
nitromurintic acid, and precipitated as already described. 

Tho same method may servo to separate iridium from osmium, but the separation 
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of that metal from the other members of the group is generally effected by distillation 
with nitafomuriatic acid, or by roasting in an atmosphere of oxygen. (See Osmium.) 

Palladium is easily separated from iridium by precipitation with cyanide of mer- 
cury, which does not throw down iridium ; also by fusion with acid sulphate of 
potassium, which dissolves the palladium, but merely oxidises the iridium. 

The separation of iridium from rhodium may be effected, when the former is in the 
suite of tetrachloride and the lutter in the state of trichloride, by treating the solution 
with excess of chloride of ammonium, which forms, with trichloride of rhodium a 
double salt soluble in excess of chloride of ammonium, whereas chloriridiate of ammo- 
nium is insoluble in excess of that salt. Another mode of separation is founded on the 
fact that chloriridiate of sodium is soluble, and chlororhodiate of sodium insoluble, in 
alcohol. The method of fusion with acid sulphate of potassium, whereby rhodium is 
dissolved while iridium is merely oxidised, servos for the qualitative distinction between 
the two metals (p. 319), but is not adapted for quantitative separation, because the 
solution of the rhodium takes place but slowly, and when a small quantity of it is 
mixed with a considerable quantity of iridium, not a trace of it is taken up by the 
fused acid sulphate. (See Rhodium.) j 

Atomic Weight of Iridi u?n.— The only known determination of this number is 
that made in 1828 byBerzelius (Pogg. Ann. xiii. 435), and founded on the analysis of 
chloriridiate of potassium, 2KCl.IrCP. 100 parts of this salt ignited in a stream of 
hydrogen lost 29 pts. of chlorine. Now, as only 4 at. chlorine are given off, the 
chlorido of potassium not being decomposed, wo have, for determining the atomic 
weight of iridium (taking K = 39 2 and C1^35*o), the proportion ' 

2914 + Ir : 142 = 100 : 29 
whence Ir 1982G. 


XXXDIUM, XOOXBSS OX*. (Op pier, Ucher die Jodvcrhindungen dcs Iridiums 
(-Dissertation), Gottingen, 1867; Jahresb. 1867, p. 203).— Iridium appears to form 
three compounds with iodine, namely, IrF, IrT« and Irl\ 

The di-iodide, IrP, or Hypo-iridious iodide , appears to bo formed, as a brown 
powder, by passing sulphurous acid gas into water in which iridic iodide is suspended. 
By dissolving finely pulverised chloriridiate of ammonium in a boiling concentrated 
solution of iodide of potassium, and leaving tho liquid to stand for a few hours hppo- 
tod iridi te of ammonium, (NH 4 ) 2 IrI 4 or 2NH*I.lrl* separates as a black crystalline 
powder or in blackish-grey spangles. 

The tri-iodide , Ir 2 I«, or Iridious iodide, separates aB a black crystalline pre- 
cipitate on adding chloride of ammonium to aqueous iodiridiate of potassium, K 2 IrI* 
(lodiridiate of ammonium being probably formed in tho first instance, and subsequently 
resolved into tri-iodide of iridium, iodide of ammonium, and free iodine). It is 
very sparingly soluble in cold water, somewhat more freely in hot water, insoluble in 
alcohol. It unites with alkaline iodides, forming double salts which may be called 
| oa iridi t es. The ammonium-salt , (NH^M 1 * 211*0 or 6NIl 4 I.Ir*I«.2H*0, separates 
in crystalline needles from tho mother-liquor of hypo-iodiridite of ammonium (see 
aoove) on repeated concentration, first together with the latter, afterwards alone. 
Hu; po tassium- salt, K*Ir*I ,a f separates on adding a concentrated solution of iodide of 
potassium to a solution of trichloride of iridium, as a fine crystalline powder, 
i mug a green lustre, insoluble in water and in alcohol, dissolving slowly in 
uciriH, easily in alkalis whon heated. The silver-salt , Ag*Ir 2 I 12 , is obtained on 
adding nitrate of silver to a solution of iod-iridiato of potassium, as a dark green 
amorphous precipitate, which afterwards turns brown. The reaction by which 
! ^ formed is similar to that of nitrate of silver on chloriridiate of potassium 
IP* 318). 

, ^hetetr a -iodide, Irl 4 , or Iridic iodide, is obtained as a soft bUck powder 
\v adding iodide of potassium to a strong solution of tetrachloride of iridium, and 
? J ‘ .§ ™ brown-red liquid, mixed with a little hydrochloric acid. With alkaline 
cniorides it forms the iod i r i d i a te s. The ammonium-salt , (NH 4 )*IrCl*, or 2NH 4 I.IrCJ 4 , 
separates after some weeks from a solution of chloriridiate of ammonium in cold 
concentrated aqueous iodide of potassium, in dark brown shining crystals easily 
©composed by heat. The aqueous solution, when gently heated, becomes turbid and 
act- brown, depositing hypo-iodiridite of ammonium, (NH 4 )*IrI 4 , and iridic iodide. - 
^ e potasst utn -salt , K*IrI* or 2KI.lrI 4 , separates after the iridic iodide itself, from a 
io Bn!°n °* chloride mixed with iodide of potassium. It is formed also, though 

and * ti- OI dyf by the action of iodine-vapour on an intimate mixture of iridium 

. °* P?** 86 * 11111 heated to 60°— -70° ; and in larger quantity, by adding iridic 


• , . , — ~ jwuwMjitmj xieawxi to ov — / 

v” solution of iodide of potassiu 


Von in'*” w ‘““ v/ “ 1W1W pumomurn, the latter being kept in excess ; or by dis- 
ni. Y 
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solving the iridic iodide in iodide of potassium, and leaving the solution to e*jrst$llise. 
It forms dark, metallic-shining, crystalline spangles, appearing as octahedrons under 
the microscope, easily soluble in water, insoluble in alcohol ; it is dissolved by acids, 
and, with decomposition, by alkalis. The sodium- salt, Na 2 IrI* - 2NaI ,IrI\ is obtained 
on adding a concentrated solution of iodide of sodium to iridic chloride, as a dark 
brownish-green crystalline powder, insoluble in alcohol and in cold water, sparingly 
soluble in not water. 

XRSBXUM, OZXBB8 OF. Iridium forms four compounds with oxygen, namely, 
IrO, lr*0*, IrO*, and IrO*. The protoxide, or Hyp o-iridious oxide , IrO, is but 
little known. It is obtained by precipitating an alkaline hypochloriridite with caustic 
alkali in an atmosphere of carbonic anhydride (p. 323) ; but on exposure to the air it 
is quickly converted into a higher oxide. (C l a u s.) 

The sesguioxide , or Iridioua oxide , Ir 2 O a , was formerly regarded as the most 
easily formed and most stable of the oxides of iridium ; but, according to Claus, it 
has a great tendency to take up oxygen and pass to the state of dioxide. It may be 
prepared by gently igniting a mixture of chloriridite of potassium (6KCl.Ir*Cl # ) with 
carbonate of sodium in an atmosphere of carbonic anhydride ; on treating the product 
with water, the sesquioxide remains in the form of a black powder insoluble in acids 
(Claus, Ann. Ch. Pharm. lix. 251). It forms two hydrates, one containing 3 at., the 
other 6 at. water. The trihydrate, Ir 2 0 a .3H 2 0, is obtained by treating a solution of 
the olive-green sesquichloride* or one of its double salts, with potash and alcohol, as a 
black precipitate, which, when treated with hydrochloric acid, yields a small quantity 
of olive-green sesquichloride. The pen ta hydrate, Ir*0 s .5H 2 O, is obtained by mixing 
the solution of either of the double salts of trichlorido of iridium with a small 
quantity of caustic potash, and leaving the liquid for some time to itself in well-closed 
and perfectly filled bottles. It is then deposited as a yellowish precipitato with a tinge 
of olive green ; but it cannot bo obtained pure, as it easily takes up oxygen, turning 
blue, and being partially converted into dioxide. It dissolves in the smallest quantity 
of potash. 

Sesquioxide of iridium unites with bases, forming salts which may be called iridites. 
A solution of a chloriridite in excess of limo-water deposits, after standing for some 
time out of contact of air, a dirty yellow precipitate containing Ca s lr 2 0® or 3Cd0.1r 2 0*. 
(Claus, J. pr. Chem. lxxx. 282 ; Jahresb. 1860, p. 207.) 

The dioxide, or Iridic oxide , IrO*, is, according to Claus, the most easily 
prepared and most stable of all the oxides of iridium, and is always deposited in the 
form of a bulky, indigo-coloured hydrate, Ir*0*.2H 2 0, when a solution of either of 
the chlorides of iridium or their double salts is boiled with an alkali ; but it always 
retains 3 or 4 per cent, of the alkali. The hydrate may also be obtained by dissolving 
the hydrated sesquioxide in potash and treating the solution with an acid. A greenish- 
blue precipitate is then formed, which gradually absorbs oxygen from the air and 
assumes an indigo-colour. The hydrate parts with its water when heated. It dissolves 
in acids, forming solutions which are dark brown when concentrated, reddish-yellow 
when dilute. 

The trioxide, or Periridic oxide, IrO*, is formed, according to Claus, when 
iridium is fused for some time with nitre. ‘ The resulting blackish-green mass dis- 
solves in water, forming a deep indigo-coloured solution of basic periridiato of potassium, 
leaving a black crystalline powder consisting of acid periridiate. This powder, when 
washed, is perfectly neutral and tasteless, and dissolves with indigo-colour in hydro- 
chloric acid, giving off a very large quantity of chlorine. The quantity of potash 
in it is variable, but the iridium and oxygen (in the acidV constantly maintain the 
proportion of 1 to 3. (ClauB, Ann. Ch. Pharm. lix. 249.)? 

XSXBXVM, OXTOBV-SAX.TS OF. Iridium, like W& other platinum -metals, 
shows but little tendency to form oxygen-salts. The oxide's dissolve in acids, but no 
definite salts are obtained in this way. The solution of iridic oxide in sulphuric acid 
has a dark brown colour, which is not modified by potash in the same manner as that 
of the tetrachloride, neither does it yield any blue precipitate on boiling. 

The only definite oxygen-salts of iridium that have been obtained are double salts, 
containing sulphurous and hyposulphuric acids. 

«. Hypo-iridoso-pota&si c Sulphite. 3(K*0.S0*).Ir0.2S0* = j 0 8 .SO*. This 

salt is obtained as a white powder when the mother-liquor obtained in preparing chlor- 
iridite of potassium by passing sulphurous anhydride through* a solution of the chlor- 
iridi&te (p. 318), is evaporated to a small bulk. It is somewhat crystalline, nearly 
tasteless, insoluble in wateT, but dissolves easily in hydrochloric acid, giving off sul- 
phurous anhydride, and yielding a yellow prismatic salt, in which 3 at SO* are 
replaced by 6 at Cl. It dissolves in potash, forming a solution which is decomposed 
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by boat, with separation of biue iridic hydrate. The crystals contain $ at. water, which, 
is given off at 180° ; at a higher temperature, the salt is completely decomposed. (Claus. 
Ann. Ch. Pharm. briii. 852.) ' 

0 , Acid Bypo-iridioua Sulphite with Chloride of Potassium, 6KCl.(Ir0.2SO*).*— 
Produced by treating the salt a with hydrochloric acid. The resulting yellow solution 
yields by evaporation, pale yellow prisms, very soluble in water, and having an 
astringent somewhat sweetish taste. At a red-heat it gives off sulphurous anhydride, 
and leaves a mixture of metallic iridium with chloride and sulphate of potassium. 
(Claus, loc. oit.) 

y. A salt containing 4KC1 JrCl 4 .(2K*S0 s .IrS0 , .S0*).12H*0 is obtained by heating 
a solution of chloriridite of potassium with acid sulphite of potassium till the green 
colour changes to red, and carefully evaporating. It forms minium-red crystals, yields 
protoxide of iridium when treated with carbonate of potassium in an atmosphere of 
carbonic anhydride, and is converted by prolonged heating with acid sulphite of potas- 
sium, into the white salt, a. (Claus, Ann. Ch. Pharm. cvii. 129.) In a former 
memoir (Ann. Ch. Pharm. lxiii. 344-348) Claus represented this salt by the formula 
2{KO.SO*).2KCL2IrO.S 2 O i Cl, in which the protoxide of iridium was supposed to be 
combined with a cliloro-hyposulphuric anhydride S^O'Cl. The same acid may bo 
supposed to exist in the two following salts : 

5. 4cKCL2Ir O.S* 0*CI . —Formed by treating the preceding salt with hydrochloric 
acid. Deep red prismatic crystals, easily soluble, with yellow colour, in water, 
insoluble in alcohol. The air-aried crystals contain 5 and 6 per cent, water ( **4 HO), 
which is given off at 180°. Alkalis slowly decompose tho salt, and nitromuriat.ic 
acid converts it, after some time, into an iridic salt. Its composition might also be 
represented by the formula 2KSO *.( 2 K Cl,Ir 2 Cl*) ; but it appears to contain a proto- 
rat her than a sesqui -compound of iridium. 

e. 4 (KO.SO r ).IrO.S‘ 1 O i Cl , — This salt is contained in tho mother-liquor of 8, and 
separates as a translucent, amber-coloured, viscid mass, which dries up to an amor- 
phous translucent substance, yielding a yellow powder. It is decomposed by water, 
part of it dissolving, while tho rest is converted into tho white salt a. (Claus, Ann. 
Ch. Pharm. lxiii. 351 ; see also Gmdihs Hand-hook , vi. 388.) 


□tZBZUM, BULPBlJOSS OX% Pour of these compounds are described, analo- 
gous to the oxides, and obtained by precipitating the solutions of tho chlorides with 
sulphydric acid. The protosulphide, IrS, obtained also by heating either of the 
higher sulphides in a close vessel, is grey or blackish-bluo. According to Berzelius, it 
dissolves in nitric acid, forming hypo-iridious or iridious sulphate; and in sulphide 
of potassium more easily than sulphide of platinum. The sesquisulphide, Ir v S*, is a 
brown-black precipitate, sparingly soluble in water [? when partially oxidised], and 
behaving like tfie protosulphide with nitric acid and sulphide of potassium (Ber- 
zelius). The disulphide, IrS*, is obtained by precipitation, also by igniting chlor- 
iridiato of ammonium with an equal weight of sulphur (Vauquelin); by igniting 
pulverulent iridium with sulphur and an alkaline carbonate, and exhausting the pro- 
duct with water (Fellenberg, Pogg. Ann. lix. 66); and by mixing a solution of 
tetrachloride of iridium in strong alcohol with sulphide of carbon, and leaving the 
mixture in a closed vessel for a week. It is then converted into a gelatinous mass, 
which is to bo broken up, collected on a filter, washed with alcohol, then ro)K*atedly 
boiled with water, filtered and dried. The product thus obtained is disulphide of 
iridium. It is a dark yellow-brown powder, which is decomposed by heat, leaving 
the protosulphide or metallic iridium according to tho temperature to which it is 
raised. Tho disulphide obtained by precipitation behaves with nitric acid and with 
sulphido of potassium like the protosulphido. The trisulphide , IrS’, is obtained by 
decomposing the trichloride with sulphydric acid, but to complete the decomposition, 
Bio liquid saturated with sulphydric acid must be left for a considerable time in a 
closed vessel at 60°. It is a dark yellow-brown precipitate, which behaves like the 
preceding compounds with nitric acid and sulphide of potassium. (Berzelius.) 


mPIUM -B a gES, AMMONZACAL. Amrnonio-dichloride of iridium , 
2NH*.IrCl% or Chloride of iridammonium, N 2 H*Ir".Cl 2 , is prepared by heating tetra- 
chloride of iridium till it is converted into dichloriae, dissolving the brown 

resinous residue in carbonate of ammonia, and adding hydrochloric acid in slight 

excess. The compound then separates in the form of a yellow granular preci- 

pitate, insoluble in water. The oxide corresponding to this chioride has not 
been obtained in the free state. The sulphate, N^^IF'-SO 4 , is obtained by heat- 
| n g the chloride with dilute sulphuric acid. It crystallises in lai^e orange-yellow 
laminae, easily soluble in water. — Tet ram mon io -d ichlorid e of iridium , 4NH*.IrCl* l 


^ Chloride qf ammiridammonium , X z fl 4 (NH 4 )*Ir' / .Cl , > is obtained as a white preui* 

t 2 
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pitate, by boiling the compound, N*H*Ir".Cl 2 , with excess of ammonia. Treated with 

moderately Btrong sulphuric acid, it yields the corresponding sulphate (N 2 H 4 (NH 4 )*I^SO* 
in rhombic prisms ; and, by decomposing this salt with nitrate of barium, or the 
chloride with nitric acid, the nitrato is obtained in yellow needles, which dissolve 
readily in water, melt when heated, and then suddenly decompose with flame.— 

Chloronitrate of ammiridammonium, N 2 H 4 (NH 4 ) 2 Ir" j v or Nitrate of ammochlori - 

ridammonium , N a H 4 (NH 4 ) 2 (IrCl 2 ).2N0 3 , analogous to Gros’ platinum-nitrate, is obtained 
as a yellowish, crystalline, granular mass, by heating the chloride of iridammonium, 
N a H*IrCl 2 , with strong nitric acid; when recrystallised from water, it forms shining, 
yellow, laminar crystals. — Dichloride of ammiridammonium , N 2 lI 4 (NH 4 ) 2 Ir".Cl a , or Chlo- 
ride of ammochloriridammonium, N 2 H 4 (NH 4 ) 2 (IrCl 2 ).Cl a , is obtained by treating the 
last-mentioned salt with hydrochloric acid, in the form of a violet precipitate, which 
dissolves readily in hot water, and separates from the solution in violet crystals. 
Nitrate of silver added to the solution throws down only half the chlorine. The 
nitrate, treated with dilute sulphuric acid, yields the chlorosulphato of ammiridam- 
momum, in delicate greenish, needle-shaped crystals. (Skoblikoff, Ann. Ch. Pharm. 
lxxxiv. 276.) "* — * — — . 

The compound 10NHUr a Cl*, or NH I^NH 4 ) 2 !^ ! Cla> . fl obtained hy m i x i ng a dilute 

N a IF(NH 4 ) 4 Ir"J 

solution of chloriridite of ammonium, (Nir i ) fl Ir 4 Cl 12 , with excess of ammonia, and leaving 
the mixtui’e in a well-closed and completely filled bottle for some weeks in a warm 
place ; heating the liquid, which has then acquired a rose colour, to expel the excess of 
ammonia ; neutralising with hydrochloric acid, evaporating to dryness, and treating 
the greenish-yellow residue with cold water to extract the chloride of ammonium. A 
light flesh-coloured, finely crystalline powder then remains, which, when dissolved 
in boiling water acidulated with hydrochloric acid, yields on cooling, ft crystalline 
precipitate of 10NH 3 .Ir v Cl°, mixed with trichloride of iridium. This compound, 
when dissolved in a boiling solution of ammonia, is partially decomposed, with separa- 
tion of blue hydrated dioxide of iridium ; whon digested with water and oxide of 
silver, it yields a rose-coloured alkaline solution of the base lONHMriO*. This 
solution, saturated with various acids, yields crystalline salts, soluble in water, namely, 
a carbonate , 10NHMr’*O 3 .3H a CO 8 , as a light flesh-coloured, finely crystalline, alkaline 
powder; a nitrate , lONlF.IritP.SN'O®, in indistinct, light flesh-coloured, neutral prisms; 
and a sulphate, 10NH 8 Jr 2 O s .3SO\ also neutral and of similar colour. (Claus, Beitrdge 
zur Gescnichte der Platin-mC tulle, Dor pat, 1851; Jahresb. 1851, p. 4j?4.) 

IRIDOSMINE. Native iridium, Osmideof Iridium, Osmium-iridium, Iridosmium, 
Nexujanekite , Sisserskile. — This compound occurs, together with platinum, in the 
province of Choco in South America, in California, Oregon, Australia, and in the Ural 
mountains; also in the gold washings on the rivers du Loup and des Plates, Canada. 
It sometimes constitutes the principal part of platinum ore, especially of that from 
Katharinenbcrg, Slatoust, and Kischtin in the Ural. It occurs rarely in hexagonal 
prisms with replaced basal edges, commonly in irregular grains, flat or round, sometimes 
in very thin laminae. It has a metallic lustre, tin-white or light steel-grey colour, and 
is Bligntly malleable. Hardness = 6 to 7. Specific gravity = 19*3 to 21*12. 

The following are analyses of specimens from different localities: — 1. By Thomson 
{Gmeliris Handbook , vi. 425). — 2. By Claus (Beitrage By Berzelius (Pogg. 

Ann. xxxii. 232). — 4-8. Deville and Debray (Aim. Ch. Hbys. [3] lvi. 386; Jahresb. 


1869, p. 767). V* 

08. Ir. Rh. Ru. Cu. Fe. 

1. Bratil. 2l*5b 72*90 . . . *• . . . . 2»60 = 100 

5. NUchna Tagthk, hexagonal plates . 27*32 51*24 151 10 08 5*85 . . . . * WO 

8. Katharinenbcrg, Lammas . . . 49-34 4677 3*45 . . . . . . 0 74 e= 100 

4. Oregon, thin shining scales . . 17*20 70*40 12*30 0 10 6 00 . . . . « 100 

K. ., round compact grain * . . 35*10 57 80 0 63 . . 6*37 0*06 0*10 =■ 100 

6. California. Cavernous nodules, 

aometimes filled with oxide or 

iron or chromic Iron ore . , 43*40 51*50 2 60 . . 0*50 . . . . » 100 

7. Australia, extremely thin lamimx . 33*46 58 13 3*04 . . 5*22 0*15 . . = 100 

8. Borneo 38*94 58*27 2*64 0*15 « 100 


Iridosmine has usually been regarded as consisting of definite osmides of iridium 
(the iridium being more or less replaced by rhodium, ruthenium, and platinum) ; No. 1 
agreeing nearly with the formula Ir*Os ; 2, with IrOs ; and 3, with IrOs 8 . But 
according to Deville and Debray, it is not a homogeneous substance, and cannot be 
regarded as a distinct mineral species. 

Iridosmine, when heated in the air, gives off osmic acid, with greater facility as it is 



1RISINE— -IRON. 926 

richer in osmium, and becomes dull. When ignited for some time with nitre alone, or 
with nitre and caustic potash, it gives off part of the osmium as osmic acid, and forma 
osmate of potassium, together with iridiate of potassium (p. 314). According to 
Fischer (Pogg. Ann. xviii. 258) it is more easily decomposed by nitrate of calcium, 
and according to Deyille and Debray (p. 316) by a mixture of peroxide and nitrate 
of barium. Nitromuriatic acid has scarcely any action upon it. [For the methods of 
analysing it, see Iridium, pp. 315, 316, 320 ; also Platinum-residues.] 

XRXSnra. See Chinoline (i. 871). 

XBXTB. This name was given by Herman n, J. pr. Chem. xxiii. 276) to *a black 
mineral from the Ural, crystallised in regular octahedrons and consisting of the 
protoxides of iridium, osmium, and iron, combined with the sesquioxides of iron and 
chromium. According to C 1 a u s (ibid, lxxx. 285) it is a very variable mixture, consisting 
chiefly of iridosmine and chrome-iron ore. 

XBOX r. Synonyms: FAscn ; Fer ; Ferrum ; Mars, Symbol: Fe. Atomic weight : 
66. .Equivalents : Fe = 28 (ferrosum) ; fe = 1 8$ (ferricum). 

This metal, although the most abundant of the heavy metals, and most, largely 
employed in the arts, is but little known in * state of absolute chemical purity. The 
iron met with in commerce always contains carbon, and generally some other foreign 
substances, altogether varying in amount from 0 5 to nearly 10 per cent. Probably ail 
these admixtures exercise some influence on the characters of the metal ; but it 
appears to be chiefly the amount of carbon contained in iron, which determines the re- 
markable differences of character presented by the several varieties of metallic iron 
known as malleable iron, cast iron, and steel. 

Pure iron is described as resembling silver in whiteness, capable of receiving a very 
high polish, extremely tenacious, softer than ordinary malleable iron, and presenting a 
scaly, concho'idal, or sometimes crystalline fracture. Specific gravity, after melting 
7 8439, in sheet or wire 7‘7 5 to 7*60. 

Iron obtained by electrolysis was found to have a specific gravity of 8‘1393. Its 
malleability was not affected by heating to redness and rapid cooling, nor was it in the 
least degree hardened by this treatment. It was scarcely acted upon by acids at the 
ordinary temperature; but dissolved with the aid of heat, evolving hydrogen quite free 
from the peculiar smell observable in the hydrogen evolved during the solution of ordi- 
nary iron. (Percy, Metallurgy , ii. 2.) 

The crystalline form of iron is either the cube, octahedron, or some other form 
belonging to the regular system. 

The different kinds of iron employed in the arts may bo comprised under three heads, 
viz. malleable iron, cast iron, and Hteel, the latter being to some extent inter- 
mediate in its characters between the other two, and combining some of the peculiarities 
of both. See Steel. 

The difference between those three kinds of iron is, however, by no means absolute, 
even as regards their characters, but more a difference in the degree in which particular 
characters aro presented. Iron approaching nearest to a state of purity requires a very 
high temperature for its fusion, while cast iron melts at a comparatively low heat, but, 
not being sufficiently malleable, it cannot be wrought into any required shape. Malleable 
iron has a much higher degree of toughness or tenacity than cast iron, which on the 
other hand is much harder, while steel may be melted and forged, as well as rendered 
hard or soft at will, or as it is technically termed “ tempered," by cooling suddenly or 
gradually ; on account of these varied combinations of qualities, the different kinds 
of iron have a wide range of applicability to a great diversity of purposes. 

. Irving out of consideration for the present all the other substances met with in 
iron Accept carbon, it appears that the greater or less approximation to the character 
of pure iron is so uniformly accompanied by very slight differences in the amount of 
conn *^ at tIl08e two circumstances may be regarded as having a very intimate causal 

Kars ten’s observations lead to the conclusion that iron containing 0*65 per cent, 
farbon, and free from any other substance, becomes so much hardened by plunging 
U into water, while red-hot, that it may be regarded as steel. When the amount of 
carbon is as much as 1*4 or 1*5 percent, the metal presents the maximum combination 
capability of hardening by sudden cooling. Increase in the amount 
o carbon beyond this limit is accompanied by increased hardness, but the tenacity and 

. ™®h | lity are less. With 1*75 per cent carbon, the malleability of the metal is very 
ce t ^ 19 P® r cont - ^ scarcely admits of being wrought Iron with 2*3 per 

carbon presents, when melted and gradually cooled, indications of graphite being 
separated during the cooling, and the other characters of ca$t iron, which may contain 

Th 10 ^ car * x>n TOyfog from this minimum limit up to 6*75 per cent 

■uiese limits, however, are somewhat different when iron contains other substances. 



tee iron. 

«s is usually the case : thus, taking as the criterion between malleable iron and steel, the 
capability of acquiring, by sudden cooling, such a degree of hardness as to give sparks 
when struck with flint, this is generally found to obtain with iron containing 0*5 per 
cent, when it also contains small quantities of silicon, sulphur, phosphorus, &c. 

Taking as the criterion which distinguishes cast iron from steel, the separation of 
graphite when the melted metal is slowly cooled, and the want of malleability in the 
cola, it is found, in like manner, that the relation between these characters and the amount 
of Carbon is not strictly constant, but that it is to some extent modified by the nature 
and amount of other admixtures, not only by their rendering the metal less malleable, 
hut also by their promoting the tendency to the separation of carbon. 

Malleable Iron {Schmiedeisen ; Stabeisen ; Fer doux ). — Ordinary malleable iron 
has a grey colour, which varies in its shade according to the character of the iron, and 
!has sometimes a bluish or blackish tinge. 

The specific gr ity varies between 7*3 and 7*9 ; that of the better kinds gene- 
rally approximating to the mean of these two values. The specific gravity is affected 
to Borne extent by the alteration of internal texture produced mechanically. Thus a 
bar 4 inches wide and 1 inch thick with a specific gravity «= 7 80 10 acquired a spe- 
cific gravity = 7*8021 when rolled out to very thin sheet, and iron of specific gravity 
7*7938 acquired a specific gravity « 7*8425 when drawn into very thin wire. 
(Karsten.) 

The specific heat of ordinary malleable iron is 0 113795, and is somewhat higher 
when the amount of carbon in the metal is largo. (Regnault.) 

The conducting power for heat is 374 3 compared with gold *= 1000. (Despretz.) 

The linear and cubical expansion by heat (see Heat, iii. 68, 71) is less than that 
of most other metals. The linear expansion for each degree between 100° and 300° C. 
- ireW (Dulong and Petit.) 

An iron bar expands ^ when raised from a red heat to a white heat, and ^ when 
heated from 20° C. to whiteness. (Rijiman.) 

The melting point of malleable iron has not been determined with any degree of cer- 
tainty. It is between the melting point of cast iron and that of platinum, and is 
estimated at 1550° C. by Pouillet, and at 2000° C. by Scheerer, and there is no 
doubt that it is higher in proportion as the metal contains less carbon. 

Pure iron is attracted by the magnet more powerfully than iron containing carbon, 
and it may be rendered magnetic ; but it docs not retain the magnetic condition so long 
as iron containing some carbon. Ordinary bar iron is also attracted more strongly 
than steel, and is more easily rendered magnetic, but loses the polar condition much 
sooner than steel does. It appears therefore that the presence of a certain amount of 
carbon is in some way necessary for the retention of the magnetic condition by iron. 
Bars of iron placed vertically or nearly so become, in course of time, magnetic. The 
magnetic condition of iron is very nearly destroyed by a red heat, and entirely so by 
exposure to a white heat. 

The electric conductivity of iron is much loss than that of copper. Taking this as 
■*100, that of iron is = 20 (Harris), 15*8 (Becquerel), 17*74 (Lenz). Matthies- 
sen considers that the 61601140 conductivity of electro-deposited iron is much higher 
than that of ordinary malleable iron. 
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The hardness of malleable iron varies considerably ; it is influenced by the presence 
of foreign substances, and reduced by increase of temperature. It is however but very 
slightly increased by sudden cooling of the red-hot metal ; the less so the smaller the 
amount of carbon contained in it. A certain amount of carbon seems essential to the 
hardness of malleable iron. Absolutely pure iron is so soft that it offers but little 
resistance to friction. 

The tenacity of iron also varies widely, and is influenced by the nature and amount of 
foreign admixture in the metal, as well as by its internal texture, by temperature, and 
by other conditions. Up to a temperature of 146° C., the tenacity of boiler plate is not 
sensibly diminished ; but at a red heat it is reduced one fourth. The tenacity of good 
rivet iron at 190° 0* is a third greater than at the ordinary temperature ; but at a red 
heat it is reduced to nearly one naif. (Fair bairn, Useful Information for Engineers*) 
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Tenacity or tensile strength of iron. 


Kind of Iron. 

Lengthwise | Crosswise 

tn pounds per square inch. 

Ultimate exten- 
sion. 

Authority. 

Lowmoor iron wire 
Staffordshire bar iron 

Swedish bar iron 

64,200 
from 62,231 
to 56,715 
from 48,232 
to 47,855 

) 

52,490 

1 

0*302 
0*186 
0*264 ) 

0*278 j 

Fairbairn. 
Kirkaldy and 
Napier, 


(See Kirkaldy, Trans. Instit. of Engineers in Scotland, 1858-9 ; and Tensile Strength 
of Wrought Iron and Steel , London, 1862. — Fairbairn, Brit.. Assoc. Ref^ort* 1856.) 

The malle ability of iron is very considerable, though less than that of silver or gold. 
It is influenced by the presence of foreign substances which modify the hardness and 
tenacity, the degree of malleability being apparently determined by the relative hard- 
ness and tenacity, and to somo extent also by its internal texture/ The moHoabilify 
of iron is increased in proportion as its temperaturo is raised, inasmuch as it then 
becomes softer without its tenacity being proportionally lessened. At a red heat it is 
sufficiently soft to be brought to any required shape by hammering or rolling, and at a 
white heat it becomes quite pasty, so that separate pieces may be, as it were, kneaded 
together into one mass ; or, as it is termed, welded. This capability of being forged 
and welded, so important as regards the methods by which iron is wrought for various 
uses, is referable to the wide interval between the temperature at which the metal 
presents its ordinary degree of hardness, and that at which it becomes liquid ; us well 
as to the fact that, at temperatures far below the meltings point, it- acquires a soft 
plastic condition, which is retained in a greater or less degree through a considerable 
range of temperature. 

Among the foreign substances influencing prejudicially the malleability of iron, the 
chief are sulphur, phosphorus, and silicon. The first communicates to it the charac- 
ter of being brittle while hot, or, as it is called, “ red short" in forging. Phosphorus 
renders iron “cold short,” or brittle and weak at the ordinary temperature. Silicon 
has a similar influence in a higher degree. Manganese seems to be beneficial rather 
than otherwise as regards the malleability of iron. The malleability of iron is con- 
siderably reduced by immersing it while red-hot in cold water, as Well as by long con- 
tinued hammering and by rolling, but it is again restored by heating the metal to 
redness, and ullowing it to cool gradually. 

The texture, or molecular structure of iron varies very considerably according to the 
treatment to which it has been subjected. After being melted, iron is decidedly 
crystalline or granular, and its fracturo presents distinct indications of that condition. 
By hammering or rolling while hot, it acquires a fibrous or silky texture, becomes more 
tenacious, less susceptiblo of true fracture, and capable only of being torn asunder. In 
the usual method of producing malleable iron, it is not melted, but wrought 
mechanically while in a kind of doughy condition, and the uniform close fibrous texture 
which determines the quality of the metal depends much upon the nature of this 
treatment and the extent to which it is carried. 

By hammering while cold, fibrous iron is rendered harder and brittle; when after- 
wards broken, it presents a granular or crystalline fracture, but opinions differ as to 
whether this crystalline condition be really a result of the hammering. This is also 
the case with regard to the influence of long continued pressure, vibration, or doncussive 
action, in affecting the texture of iron, some maintaining that those conditions slowly 
destroy the fibrous texture, rendering the iron crystalline and thereby weaker. 
(Rankin e, Proceedings of Jnst. of Civil Engineers, 1843 ; Percy, Metallurgy, ii. 8.) 

Malleable iron undergoes no change in dry air, or in water free from air ; but in 
moist air, or in water containing air, it gradually becomes oxidised or rusted, from the 
surface inwards, until eventually the entire mass may be converted into oxide. The 
carbonic acid present in atmospheric air appears to contribute largely to the production 
of this change. The presence of saline substances in water also facilitates the oxidation 
of iron; while alkalis, and oily or resinous substances, retard the oxidation. (Mallet, 
Action of air and water , <fc., upon east iron, wrought iron, and steel , Brit Assoc. 
Reports, 1838, p. 253; 1840, p. 221.) Contact with more highly electro-positive 
metals, such as sine, also hinders the oxidation of iron within a certain distance 
around the point of contact. 

At a temperature about 230° C., iron becomes capable of combining directly with 
atmospheric oxygen, and the polished surface at first becomes covered with an 
**tremely thin film of magnetic oxide, of a yellow colour which gradually passes into 
blue, and grey. At a red heat this crust of oxide— -forge scale -- becomes thicker, 
*od gradually passes at its outer surface into ferric oxide. At a white beat, iron bums 






IRON, 


in the air, with production of magnetic oxide, and this combustion may be sustained 
for some time by directing a blast of air upon the metal. 

At a temperature about 360° C. iron decomposes water-vapour, forming magnetic 
oxide and liberating hydrogen. 

Pure iron dissolves completely in moderately dilute acids. . Ordinary malleable iron 
dissolves completely in strong hydrochloric acid : but with dilute acid a carbonaceous 
residue remains undissolved. In both cases also the hydrogen evolved carries with it 
carbonaceous, vapour, which communicates to it a peculiar smell. 

Malleable iron generally contains from 0*25 to 0*5 per cent, carbon | sometimes the 
amount is much lees. The smaller the amount of carbon, the softer is the iron, and 


Analyses of best qualities of Foreign Malleable Iron, 


Source | 

Analyst 

0*terby. 

OO 

Swedish. 

(Syringe. 1 Lttftta. 
®. 1 © 


Silesian; 

Rybnlk. 

Russian iron. 

CCN> | K.3KE 

Swedish. 

Slot ter. 

MSgdwprung. 

nume- 

raire. 

Henry. 

Kanten. 

Henry. 

Brands. 

Schsf- 

hlutl. 

Iron . 

99 863 

99*220 

99*544 

99-73 

99*873 

99*412 

99-594 

98 605 

98-88 

9913 

98*78 

Carbon. 

0054 

0*087 

0067 

024 

0 090 

0272 

0-340 

0386 

0*40 

066 

064 

Silicon . 

0 028 

0 056 

0115 

0-03 

0 030 

0-002 

trace 

0-252 

0-01 

trace 

012 

* Sulphur . 

*0 055 

*0 632 

•0*220 


0007 

*0*234 

•0 066 

*0 767 

trace 



Phosphorus 

trace 

0*005 

0034 

trace 




trace 




Manganese • 

trace 



trace 


0-0*20 

trace 

trace 

0-30 

0 29 

*0 05 

Copper . 

. . 



. . 

. . 


, . 

. , 

0*32 

0*05 

0*07 

Arsenic . 


trace 

trace 


• * 

trace 


* • 


* • 

002 


100*000 

100 000 

100*1)00 

100 000 

100-000 

100 000 

100*000 

100-000 

99*91 

100-13 

99-88 


Analyses of British Malleable Iron. 



South Wales. j 

Shropshire. 



Puddled bar. 

Best bar. 

Works 


Dowlais. 



Analyst 

Schnttiautl. 

Riley. 

Price. 

Iron . . 

98*90 

J-72 




Carbon . 

041 


not estimated 

Silicon 

008 





Sulphur . 

, 





Phosphorus . 

0*40 

0*71 

0*42 



Manganese 






Manganese, nickel ) 
and cobalt . . ( 

• • 

0*03 

022 

. . 

trace 


99-83 

100 00 

100*00 




Armour and Boiler Plate. 


Works 

Analyst 

Lowmoor 

Thames 
Iron Coy- 


Shortrldge 
A Howell. 

; - 

Weardale. 

Russell's 

Hall. 

Tookoy. 

Percy. 


Percy, t 

t Tercy. 
iX# Gloire. 

Percy. 

Henry. 

Iron 

Carbon . 

Silicon . 

* Sulphur 
Phosphorus . 
Manganese . 

Nickel . 

Cobalt . . 

Specific gravity 
Tensile strength 
Relative resistance > 
to punching > 

99*372 

0016 

0*122 

♦0104 

0106 

0*280 

trace 

trace 

0-033 

0*160 

*0*121 

0*173 

0*029 

trace 

0 044 
0*174 
*0118 
0028 

0*250 

trace 

0*230 

0-014 

*0190 

0 020 

0*110 

trace 


0*170 

0110 

*0*058 

0080 

0*330 

trace 

99*361 

0*190 

0*144 

*0*165 

0*140 

100*000 






100*000 

7*8083 

24*644 

1000 

7*7035 

23*354 

907 

7*6322 

24*171 

873 

7*9042 

27*032 

1168 


• • 

• • 


a The remits to which this roaik * is put are probably much too high. See Esiima/ioii qf Sutpkur % p. #7®* 
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the larger the amount, the nearer does it approximate to the character of steel The only 
iron that is probably quite free from carbon is that known technically as “ burnt iron?* 
which cannot be soundly welded. Hence it has been supposed that the capability of 
being welded is determined by the presence of carbon in iron. There are, however no 
good reasons for this opinion ; it is more probable that the peculiarity of •' burnt iron” 
is only indirectly due to the absence of carbon, and is determined by the presence in 
the metal, of a minute quantity of oxide, which could not have been introduced so Iona 
as it still retained any carbon. * 

Among the foreign substances, other than carbon, present in malleable iron, the 
most important are sulphur, phosphorus, and silicon, existing probably in combination 
with equivalent proportions of the metal, as sulphide, phosphide, and silicide. 

Sulphur is generally present to some extent in malleable iron, and, even when 
amruntiog to only 0*034 percent., has the effect of rendering it “red short,” and 
lial le to crack at the edges in forging. It has been considered that 0*01 per cent, is 
the highest amount consistent with the usefulness of the iron. (Kars ten, Handbuoh 
der Fisenkiittenkunde , 423.) 

Phosphorus is also frequently present, and, when amounting to 0*75 per cent., renders 
the iron very weak and brittle at the ordinary temperature, or, as it is called, “cold 
short.” In smaller amount, it is considered to be serviceable in rendering the iron 
more capable of being welded. (Kars ten, op. cit.) 

Silicon renders iron harder and lessens its tenacity, making it what is termed 
“ rotten” in working, even when present to the extent of only 0*37 per cent. 

Manganese is considered to render iron harder, but not to make it steely. * 

Copper \b considered to render iron “red short,” and to reduce the capability of 
being welded, without however affecting the tenacity of the metal. 

It may, however, be safely said that the evidence upon which the above opinions, as 
to the influence of these admixtures upon the character of malleable iron, are founded, 
is much too slender, and it is very desirable that this subjoct should be moro thoroughly 
investigated. ^ J 

The characters of steel, and the methods of manufacturing it, will be treated of in a 
separate article. 

Cast Iron, Pig Iron (Rohcisen; G us seism / Fonte).— There aro two essentially 
distinct kinds of cast iron, viz. grey and white. 

Grey cast iron ( Graues Rohcisen ; Fonte grise ) varies in colour from pale to dark grey. 
It has generally some slight degree of malleability; but is harder and more brittle than 
malleable iron. Its texture is granular ; sometimes very fine-grained, sometimos coarso- 
^med at the fracture, with minute particles of graphite visible throughout the moss. 

White cast iron ( Weisses Rohcisen , Fonte blanche ) van os in colour from that of tin 
to pale grey. It is very hard and brittle ; of crystalline lamellar texture, and some- 
t'mes vesicular. The fracture is Binning, and varies from lamellar to compact and 
conchoidal, in proportion as the colour varies from tin-white to grey. The most 
characteristic variety is called specular iron ( Spiegeleiscn ; f antes lamclleuses). 

The specific gravity of grey cast iron is, on the average, 71 ; that of white cast iron 
is, on the average, 7‘6. 

Grey cast iron melts at about 1600° C., and moro easily in proportion as the 
amount of carbon it contains is greater. White cast iron melts at a lower temperature; 
but !t does not become so liquid when melted as the gTey cast iron, which passes sud- 
oenJy from the solid to the liquid state, while the white cast iron remains in a pasty 
state for some time. Melted cast iron dissolves malleable iron, and is thus rendered 
tougher and stronger than originally (toughened cast iron). White iron, when cooled 
^ery gradually from the melted state, is converted into grey cast iron. Grey cast iron, 

? n contrary, when very gradually cooled from a melted state, is not altered except 
»n becoming softer and more malleable ; but when rapidly cooled, it is converted into 
white cast iron, more or less completely in proportion as the amount of carbon it con- 
tmns is greater or less. On this account the outer surface of a casting has a hard crust 
tK i M ^ * 8 ^ e< ^» * n consequence of the more rapid cooling of that portion of 
• ne melted metal which comes in contact with the sides of the mould, and its conversion 
into white cast iron. This effect is often augmented, in practice, by lining the mould 
with iron plates, so as to facilitate the rapid cooling of the outer portions or the casting, 
nna produce a layer of white cast iron, from £ to $ an inch thick, while the interior 
^ains tlm condition of grey cast iron, thus combining the particular advantages of 
wtute cast iron as regards hardness, and of grey cast iron as regards strength, 
am 1 observed that in large masses of castlron there is an inequality in the 

ount of carbon contained in the metal at the exterior and interior portions. In 
asses which have been gradually cooled from a melted state, the centre portion con- 
ain» Jess carbon than the exterior portions. There is also a further difference as to 
8 r? n . i° n in which the carbon exists. At the centre, the relative proportion of 
K^pnitic carbon as compared with combined carbon, is greater than it is at the exterior 
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oortlont. This latter difference will be more maAed in proportion a* .Ik* suited metal 
u more rapidly solidified at the surface. I» one instance of iron east a an iron mould, 
tehmA to by Kawten, the following results were obtained:— 

Total quantity Combined r>ra . .. 

of carbon. carbon. Graphite. 

Cart iron before melting . . • 4 0281 . . = 0’7812 . . 8*2469 

Outer white portion of carting . . 6*0929 . • = 6*0929 

Inner grey portion of casting . . 3*8047 . . = 0*6106 . . 3*1941 

The main chemical difference between white and grey cast iron consists in the state 
in which the carbon they contain exists, In specular iron, the whole of the carbon is 
combined with iron, while in the most characteristic kind of grey cast iron, when solid, 
at least, the greater part of the carbon is merely mixed with the iron, in the state of 
graphite, and only a portion of it is in a state of combination. Between these two 
extremes there are a variety of intermediate states in which white and grey cast iron 
are mixed together in various proportions, constituting what is known as mottled cast 
iron {halbirtes Qusseisen ; fonte truitie). 

The hardness and strength of these varieties of cast iron differ considerably ; as a 
rule, the grey is stronger than the white, and this again is harder than the groy. 
White cast iron is, however, too brittle to be used for structures, except for tHe purpose 
of coating the surface of castings with a hard crust or skin, by casting in moulds lined 
with metal (chill casting). (Rankine, Civil Engineering, p. 499.) 
w The tenacity of cast iron is very much less than that of malleable iron ; but its 
capability of resisting crushing force is very much greater. 


Modulus of Modulus of Elas- 
rupture of square h-i»J 

bars. ucll3r * 



Toughened cast iron 


from 12,694 
to 18,866 
from 13,434 
to 23,468 
from 23,461 
to 26,764 


In pounds per square Inch. 


102408 36 ’ 693 

39.009 

lolssi 29 889 

129^876 43 ' 497 

119,467 


14,000,000 

17.036.000 

11.639.000 

22.733.000 


The strength of cast iron is increased by remelting, but reduced when the melting is 
repeated several times. At very low temperatures it becomes moro brittle and weaker. 
(Fairbairn and Hodgkins on, Report on the Application of Iron to Railway 
Structures , p. 266.) 

The specific heat of specular iron = 0*12983, that of ordinary white cast iron 
« 0*12728. (Regnault.) 

The linear expansion of cast iron by heat is greater than that of malleable iron, 
amounting to Ap between 20° and 660° C. (red heat), and ^ between 20° and a 
white heat. (Kinman.) 

Pieces of cold cast iron thrown into the melted metal sink to the bottom ; but when 
they have a temperature near the melting point, they float on the surface of the melted 
metal. Hence it would appear that some degree of contraction takes place in the 
passage from the solid to the liquid state. This character of cast iron is important as 
regards its application to casting : for the increment of buUc attending solidification 
ensures the perfect filling of the moulds ab that moment. aigJthe production of Bharp, 
well-defined castings. But the greatest amount of expansion^! contraction takes place 
just below the melting point. On account of this contraction between a temperature 
near the melting point and the ordinary atmospheric temperature, it is necessary to 
make the moulds for castings proportionately larger than the castings are required to 
be. The contraction of grey cast iron amounts to about 1 per cent ; that of white cast 
iron is from 2 to 2*5 per cent, of the linear dimensions. The allowance generally 
made for this “ shrinkage” in casting is ^ or one eighth of an inch in a foot Cast 
iron also undergoes a permanent increase of bulk under the long-continued influence of 
heat (Percy, Metallurgy , it 872.) 

White cast iron exposed to oxidising influences at the ordinary temperature, rusts 
much more slowly than grey cast iron, and this again, provided it does not contain 
much sulphur or other readily oxidisable substances, more slowly than malleable iron. 
Specular iron is but very little liable to oxidation. 

At an elevated temperature, grey cast iron becomes coloured by oxidation sooner 
than malleable iron ; white cast iron on the contrary becomes coloured even sooner 
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than steeL When east iron is heated to redness in the air, the carbon it contains is 
first oxidised and the metal rendered more or less malleable ; then a oruat of magnetic 
oxide is formed* at the surface and gradually increases in thickness as in the case of 
malleable iron. Grey cast iron is most slowly oxidised in this way, and becomes 
porous and friable after abstraction of its carbon. White cast iron is decarbonised 
more rapidly, and acquires a malleable steely character. Upon this fact is based 
the manufacture of malleable cast iron, which consists in heating to redness the 
castings, while imbedded in powdered chalk, charcoal, or oxide of iron, so as to be par- 
tially protected from the oxidising influence of the air. 

Cast iron melted in contact with air becomes covered with a crust of oxide, and by 
removing this crust from time to time, it may be entirely converted into oxide. If the 
crust is allowed to remain in contact with the melted metal, tins gradually becomes 
decarbonised, steely and less fusible. White cast iron heated in contact with air till 
it assumes the pasty condition, is decarbonised much more rapidly than by mere heating 
to redness, and passes from the steely condition to that of pure iron, without so great a 
degree of oxidation as takes place when the metal is melted. The most important 
method of manufacturing malleable iron is based upon this fact (puddling). 

Cast iron molted under soda, potash, lime, or magnesia carbonates, is gradually de- 
carbonised, and may be wholly converted into malleable iron, if the heat bo raised as 
the iron becomes less fusible. 

Atmospheric air forced into melted cast iron oxidises the carbon and silicon, at 
well as part of the iron, and converts the remainder into malleable iron. The tempera^ 
turo produced in this way is sufficiently high to determine the fusion of the wnolly 
decarbonised iron. (See Steel.) 

White cast iron heated with concentrated hydrochloric acid is entirely dissolved ; 
but grey cast iron, treated in the same way, leaves a residuum of graphite. In both 
cases the combined carbon enters into combination with a portion of the nascent 
hydrogen eliminated by the solution of the iron, forming volatile oily hydrocarbons, 
the vapour of which communicates a peculiar smell to the gas evolved. This oily 
substance, which appears to be of a nature analogous to petroleum, also collects as a 
thin film on the surface of the acid solution. 

The action of dilute hydrochloric acid upon cast iron is somewhat different. 
Specular iron is acted upon very slowly at the ordinary temperature, but with the aid 
of heat, both it and grey cast iron are readily dissolved. The hydrogen evolved has 
the characteristic Bmell, but the amount of the hydrocarbons formed appears to be 
smaller than when concentrated acid is employed. White cast iron leaves a bulky 
dark-brown carbonaceous residue, which is soluble in potash, and, when washed and 
dried is very readily combustible, leaving a black residue containing silica (Daniell, 
Journal of Science and the Arts, ii. 278). Grey cast iron leaves a residue consisting 
partly of graphite, partly of a carbonaceous substance similar to that obtainable from 
white cast iron, and, partly of a black carbonaceous substance which is magnetic, takes 
fire by contact with the air, and leaves when burnt a residue of ferric oxide. 

Cast iron is slowly acted upon by sea- water. Cannon balls that had been lying in 
the sea off the coast of Normandy since 1692, were found to have lost two-thirds of 
their original weight, contained no metallic iron, and were converted into a substance 
that could be cut with a knife (Deslongchamps, J. Chim. m&L xiii. 89). Cannon 
balls taken from vessels sunk fifty years before, near Carlscrona, were fouud to be 
partly converted into a grey porous graphite substance, which after exposure to the 
air for a quarter of an hour, became so heated that the adherent water was converted 
into steam (Berzelius, Gmelin's Handbook , v. 2 1 8 ). The substance remaining after the 
action of sea-water, appears to be similar to that remaining, mixed with graphite and 
the bulky carbonaceous residue, after dissolving grey cast iron by dilute hydrochloric 
acid, and which Karsten regards as a compound of iron with three equivalent* of carbon. 
Berzelius considered this solution of cast iron by sea- water to be due to the conjoint 
action of carbonic acid and oxygen. The solution of cast iron takes place at place# 
where it is exposed to the combined influence of fresh water and sea-water by tides 
more rapidly than in sea- water. (Mallet, op. cit.) 

The solution of cast iron takes place at places where it is exposed to the combined 
influence of fresh water and sea water, by tides more rapidly than in sea water. 

The maximum amount of carbon in cast iron is met with in specular iron, varying 
from 5*75 to 6*2 4 per cent. Bromeis and Percy consider that the manganese present, 
so fur as is yet known, in all specular iron containing as much as 5 per cent, carbon, is 
m some way essential to this high proportion of combined carbon. 

In grey cast iron the amount of carbon varies, as a general rule, between 2 and 4*fid 
P^r cent. ; in white cast iron it is from 8*5 to 5*75 per cent ; but the difference between 
whito and grey cast iron is more intimately connected with the state in which the 
car lx>n exists, than with the amount of this substance. 
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Analytes of cast iron. 


Ore used • 

Spathic iron ore 

Magnetic iron ore 

Frank- 

iinlte 

Specular and brown 
iron ore 

Fuel used • 

Source . 

Sttbia 

Musen 

Bohe- 

mia 

Charcoal 

Dannkmora 

New 

Jersey 

Nova 

Scotia 

India 

Iron 

Co. 

Analyst . j 

Widter- 

mann 

Fre- 

senius 

Richter 

Henry 

Henry 

Tookey 

W.A. 

Rind of Iron . 


Specu 

ar iron 

No. 1 grey 

grey pig 

Iron . . 

* , t combined 
Oar^n {graphitic 

94*68 

3*88 

82*860 

4*323 

2*311 

92*906 

4*809 

95*57 

4*20 

B 

94*85 

* 3*50 

3*38 

Silicon 

Sulphur 
Phosphorus 
Manganese . 
Copper . 
Aluminium . 
Calcium 
, Magnesium . 

0*41 
00 2 
004 

0*98 

0*07 

0*01 

0*997 

0*014 

0059 

10*707 

0*066 

0077 

0*091 

0*045 

2*732 

22*183 

0*176 

trace 

0*122 

1*987 

0*08 

trace 

0*05 

0*10 

f ■ 

0*84 

002 

0*19 

0*44 

0*44 

004 

027 

0*14 

100*04 

99*954 

100*00 

10000 

100*00 

100*00 

99*84 



1 

2 

3 

4 

5 

6 

7 

8 


Ore used . 

Clay iron ore of coal measures | 

Northamp- 
ton clay 
iron ore 

Iron in ore . 
Sulphur in ore 


39-8 

trace 


I = 1 

— 

— 

Phosphorus in ore 


050 



- 

— 

~ 

tap cinder 

Fuel used • • 

Sulphur in fuel « 

Thick-coal coke 

- 

— 

— 


0-50 


- 

1 

0 31 



— 




Staffordshire 



Name of works j 

Lays ; Dudley 

Level ; Dudley 

Nether- 
ton i 

Golden- 

dale 

I Bussell’s 

I Hall 

Analyst . 

Woolwich Arsenal j 

Henry 

Kind of iron . { 

hot blast 

grey pig 
cold blast 1 

hot blast 

, I'orge pig 
c 1(1 blast 


No. \ lorgf 
hot bl i-t 

Iron . 








92-82 

Carbon 

l graphitic 

2*87 

3*34 

3*21 

2*56 

2 61* 

2*81 

2*54 

019 

2*45 

Silicon 

1*16 

1*18 

1*54 

1*75 

1*40 

0-57 

2-71 

2*07 

Sulphur 

0*08 

007 

007 

005 

004 

006 

004 

j *0 32 

Phosphorus 

, , 

055 

023 

063 

0*72 

029 

1 07 

143 

Manganese . . 

. . 

. , 


0*06 

0*49 

013 

0*98 

0*72 

Aluminium 

. , 

, , 

, , 

. 

. 


. 

trace 

Arsenic 

. . 

. . 


. . 




trace 


9 

10 

11 

12 

13 

: 14 

15 

16 


Ore used 

Phosphorus iu ore 
Fuel used { 

Sulphur In fuel . 

Name of works | 
Analyst 

Kind of Iron , <| 

Clay Iron ore of coal measure^ I 

Barnsley coal 

Deep hard coal 
and coke 

0/1 0*73 

Braggs hard coal 



West Hallam || ButTbrlby 
Derbyshire 

Bowling ; 
Yorkshire 

Woolwich Arsenal. | 

cold 
No. 1 grey 

blast 

mottled pig 

hot 
forge pig 

blast 

foundry 

1 hot 

No.Splg 

blast 

No. 4 pig 

No f 

" No. 3 

Iron . • * . 
Carbon, graphitic 

Silicon • 
Sulphur . 
Phosphorus 
Manganese 

2*85 

1*92 

0*10 

1*10 

0*24 

2*10 

2 11 
0*13 
1*07 

0:08 

2*57 

1*53 

0 05 
0*70 

0*94 

2*40 

1*50 

0*06 

0*34 

0*60 

2*74 

2*36 

0*02 

1*81 

1*06 

2*60 

1*34 

Oil 

0*75 

0*40 

2*90 

1*94 

0 04 
057 

2*80 

1*51 

0*06 

0*44 

17 

18 

19 

20 

1 2 * 

22 

23 

24 


• Probably estimated too high. See F. tit mat ion of Svt/>Aur t p. 372. 
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Analyses of cast iron — continued. 


Clay iron ore 


Iron In ore 
Sulphur tn ore . 
Phosphorus in ore 
Fuel used 
Sulphur In fuel . 

Nam© of Works • 

Analyst • . j 

Kind of Iron . 


Iron 

~ , < combined . . 


Hematite 


coke 


109 1-06 0*91 

Haematite CV. , White- ®? cth ®r o Si TON 
haven j Cumberland * , T *“ 

__ Durham 


y 


i combined . . 

n (graphitic 2*83 


Silicon 

Sulphur 

Phosphorus 

Manganese . 


Ore used • 

Iron In ore . 

Sulphur In ore 
Phosphorus In ore 
Fuel used . • 

Sulphur In fuel 

Name of works 
Analyst 

Kindofiron . | 

Iron 

°-HS3K? 

Silicon . 

Titanium 

Sulphur 
Phosphorua 
Manganese 
Nickel, cobalt, ) 
copper and lead* , 




Spathic iron ore 

Clay Iron ore 

38'56 — 49*7B 
traces 
traces 

Coke 

5 

0-G0 


Durham 

Scotland ♦ 

Weardale Co. m Tow Law 

Cat/der II Clyde 

W. A. 1 Kiley ifookey 

Berthier 


mm 


92*30 

I 92*24 

0*40 

1 0*30 


combined 


rhoaphenu 


Dowlais 


coke 


0*90 

Park End ; 

Dean Forest 


cold blast |j cold blast 
grey pig U No. I pill grey forge 


46 


47 


48 
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Besides iron end carbon, cast iron t^wayn contains other substances, as indicated by 
the above analyses, especially silicon, sulphur, phosphorus, manganese, arsenic, copper. 
• They probably exist, in combination with equivalent quantities of iron, as silicide, 
sulphide, phosphide, See., and some of them appear to exercise considerable influence 
upon the quality and characters of the metal* although the mode in which it is exer- 
cised is but very partially understood, and the very nature of that influence is in some 
cases dubious. 

Silicon is almost always present in cast iron to some extent, originating from the 
deoxidation of silica in the process of smelting^ The amount varies very much. In 
white cast iron it is generally from 0*1 to 0*6 percent. In grey cast iron the amount is 
much greater, and is, seldom less than 0*5 per cent., sometimes exceeding even 3 per cent. 
Karsten found 3*46 per cent, to be the maximum amount. The greater amount of 
^silicon in grey cast iron is considered to be due to the higher temperature at which it 
Is produced. Iron produced with hot blast contains more silicon than that produced 
with cold blast. 

It is generally considered that, within the ordinary limits as to the amount of silicon 
in cast iron, this substance does not exercise any prejudicial influence upon the quality 
of the metal ; but, in the conversion of cast iron into malleable iron, the silicon must 
be as much as possible separated, since it is very detrimental to malleable iron as 
^2%ards its tenacity. The greater the amount of silicon in pig iron, the greater also is 
mil ie waste incurred in its conversion into malleable iron by the puddling operation. 

Jpi Sulphur is almost always present in cast iron, but sometimes the amount is so small 
Shat it can hardly be estimated. It probably never reaches 0 5 per cent, in good cast 
iron. Iron smelted with mineral fuel always contains more sulphur than that smelted 
%ith chSJfccoal, in consequence of the sulphur contained in the coal or coke being trans- 
ferred to the iron. The presence of sulphur in cast iron renders it more fusible, but 
cdflfi more liable to solidify sooner when slightly cooled below the melting point, so as 
%®ebrae quite viscid while still red-hot. 

specular iron is melted with sulphur, carbon separates and collects upon the sur- 
i Of tjhe melted mass in the form of graphite, which differs from ordinary graphite 
l haying no lustre. Grey cast iron melted with sulphur is converted into white cast 
containing a greater amount of carbon than the original grey iron, as shown in 
e-IWlowing results obtained by Karsten ( Eisenhiittenkunde , i. 683) : 


The grey cast iron The resulting white Iron • 
v ■; contained in 100 pts. contained In 100 pts. 

Combined carbon . . . 0*6253 6*4878 

Graphite .... 3*3119 

Sulphur. .. .. 0*0286 0*4464 

Hence it would appear that sulphur displaces carbon existing in combination 
with iron, but that up to a certain point, tho carbon so displaced from combination 
with one portion of the iron, enters into combination with another portion, until no 
more can be taken up. Tho presence of sulphur in cast iron appears therefore to 
determine the existence of the carbon in the state of combination with the iron, and 
thus to be conducive to the production of white cast iron. (Janoyer, Ann. des 
Mines, 1851, iv. 20 ; Weston, Percy's Metallurgy , ii. 135.) 

Phosphorus is frequently present in cast iron, sometimes to tho extent of 1 or 2 per 
cent. When amounting to more than 0*5 per cent,, it renders the iron brittle but more 
fusible, very liquid when melted, and capablo of remaining Jouger in the liquid state. 
Within certain limits, therefore, the presence of phosphorus MS iron intended for casting, 
is advantageous rather than otherwise. C ^ 

Nitrogen. — It appears that cast iron sometimes contains awusrate amount of nitrogen, 
and that it has a considerable influence on the character ~6f the metal. Schafh&utl 
estimated the nitrogen in several kinds of cast iron as follows (Prechtl, Techn. 
Encyklop. 1847, xv. 364; Phil. Mag. 1840, xvi. 44) : 

White cast iron (Maesteg, South Wales) . . . 0*764 per cent. 

Grey cast iron (Creuzot, France) . . . . .0*720 „ 

Specular iron 1*200 „ 

Marchand’s experiments led him to doubt the existence of nitrogen in cast iron ; 
and to infer that if it were present, it never amounted to 0*02 per cent., and that the 
indications of nitrogen obtained by analysis were generally referable to absorption of 
atmospheric nitrogen by the iron, and formation of cyanogen during the analysis. 

Bou is (Compt. rend., 1861, Iii. 1195) on the contrary, considers that nitrogen is often 
present in cast iron, and has estimated the amount in a sample of very hard white east 
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iron, containing modi munuien, at 0-16 per cent. Thu rehiaot, however i» for 
front having been satisfactorily investigated. * 

Arsenic. — There is much difference of opinion as to the influence of arsenic upon oak 
iron, and as to the frequency of its presence, but there are some well-established 
instances of cast iron containing a considerable amount of arsenic. Wohler found it 
in four samples of pig iron, and Schafhautl has stated that pig iron made at Al^if 
from arsenical ore, contained from 2 5 to 4 per cent, of arsenic. Karsten never de- 
tected arsenic in pig iron. According to Berth ier’s analyses of some iron shells and 
shot from Algiers, they contained from 9 8 to 27 per cent, arsenic, consenting in fact 
a true alloy, and more recently a wrought shot from Sinope has been found to contain 
16-20 per cent, arsenic by Dr. No ad. (Percy, Metallurgy , ii. 76.) 

The presence of small amounts of arsenic in cast iron, is considered to have the 
effect, like phosphorus, of rendering the metal more fusible, brittle, and weaker. 

Titanium appears to be frequently present in some kinds of cast iron, and it has 
been supposed to improve the quality of the metal. Several patents have been obtained 
for introducing it into cast iron intended for the manufacture of steel (Musheg 
13 specifications, March 1869 to December 1861), but it is very questionable whether 
this “invention” has any real foundation of known fact. The following analyses of 
titauiferous pig iron are by Mr. Riley. ^ 


Ore used j 

Haematite 
and 7-67 % 
Ilmenite. 

The same, with tome 
Belfast aluminous ore. 

Cornish 1, haematite l. 
and Irish bog-ore i, 
containing G to 9 

Kind of Iron 

No. 1 foun- 
dry pig. 

No. 2 pig. 

grey pig. 

per cent, manganese. 

Iron .... 

93*47 

92*79 

92 04 

87*90 

86*88 

Carbon 


. 

. 

0-31 

102 

3*3*1 

318 

311 

3*12 


Silicon 

1-86 

3-28 

3-56 

2*69 

2*66 

Titanium . 

1*15 


0*47 

0*79 

1*15 

Sulphur . 

Phosphorus 

0 06 


011 



0*08 


009 

0*16 

0*15 

Manganese 

0*50 

0-48 

1-09 

6*86 

6-37 

Nickel and cobalt 



, 

0*06 

0-11 

Copper and antimony . 

• • 

* * 


006 

004 


100*437 

100-66 

100-46 

100-85 

100*81 



100*27 


V anadium has also been found in the pig iron made from the ores of Taberg in 
Sweden (Sefstrom, Berz. Jahresb. 1832, xi. 97), and in pig iron made from the Seend 
ore of Wiltshire. (Riley, Journ. Chem. Soc. [2] ii. 21.) 

Chromium has been found in cast iron, but there is no evidence to show whether it 
has any influence on the character of the metal. 

Manganese is very frequently present in cast iron, and it appears to have somo in- 
fluence in determining a high degree of carburation of the iron, as well as the existence 
of the carbon in a state of combination with the iron, so that its presence in the 
materials smelted, tends to effect the production of white cast iron (See ante, 
p. 331). Cast iron containing manganese appears to be especially suited for the 
production of steel or steely iron. (Seo Strkl.) 

Copper is not unfrequently present in cast iron. When exceeding 0*2 percent, it is 
said to render the metal harder, tougher, and stronger. 

Zmc is sometimes present in cast iron smelted from ores containing zinc ; and Karsten 
found cast iron containing traces of zinc to be very soft, but rotten and brittle. 

( Euenhuttenkunde , i. 619.) 

Aluminium, Magnesium,, Calcium and Potassium are sometimes indicated by Analyses 
J 8 existing in minute proportion in some kinds of cast iron, but scarcely anything is 
xnown of their influence on the characters of the metal. 

Occurrence. Although iron is one of the most abundant and widely distributed of 
the heavy metals, it is very seldom met with naturally in the metallic state. Them 

two species of native metallic iroD, viz. telluric and meteoric iron. 

Vi -^turic iron is very rare ; it occurs massive in plates and grains, is more 
jmulealble and ductile than ordinary iron ; its specific §ravity is from 7' to 7*8. It has 
t^n found associated with brown haematite and quartz in a lode near Grenoble 
'°chreiber, Journ. de Fhys. July 1792); at Canaan, Connecticut, as a vein two 





Inches broad in mica slate (Shepard). This specimen contained 91*8per cent, iron 
iron and 7 per cent, carbon. It is said to be mixed with the granular platinum of 
South America (John), and disseminated through some basaltic rocks (Andrews) 
also in the auriferous sand of OUphian (Molnar). Native iron containing 6 per cent, 
of silicon and a little sulphur is said to have been found with galena, in the lodes at 
Le&dhills, and in volcanic scoriae at Graventere in Auvergne. 

%, Meteoric iron is met with, both as large compact masses, and as grains and 
splinters disseminated through earthy meteorites. Its colour is somewhat like that of 
platinum, and it is characterised by always containing nickel, sometimes also cobalt 
copper, chromium and tin. The masses of meteoric iron found in South America and 
Siberia, and estimated to weigh several tons, are among the most remarkable that are 
known. Meteoric iron almost always contains particles of iron sulphide mixed with it 
apparently neither magnetic nor ordinary pyrites. (Kammelsberg, Pogg. Ann 1849 
lxxiv. 442.) ’ 


Analyses of Meteoric Iron. 


Fell at 

•v : '■ 

• • 

Bohunti- 

litz, 

Bohemia, 
Id 1829. 

Krasno- 

yarsk, 

Siberia 

Hrai- 

china, 

Croatia, 

mi. 

Cape, 

Africa. 

Clair- 

borne, 

Alabama 

Potogi. 

N. Arne 
rica. 

Bitburg, 

near 

Trevej. 

; Weight 

• 

103 lbs. 

1600 It s. 

71 lb*. 

300 Ibg. 

__ 

— 

_ 

3300 lb«. 

^Analyst 

• 

Berzelius. 

1 Wehrle. 

Jacksoa. 

Morren. 

Sill Inn an 
& Hunt. 

Stro . 
merer. 

Iron . 

# , 

93*78 

88*04 

89*78 

85*61 

66-56 

83-67 

92*58 

81*8 

Nickel . 

. 

3*81 

10*73 

8*89 

12-27 

24-71 

12-67 

6*71 

1 1*9 

>£obalt . 
popper . 

• 

0*21 

0*46 

0*07 

0-67 

-0'89 

* * 

trace 

1*0 

ganjjjanese 

. 


013 

. 


3-24 

# 


0*2 i 

Tin '%* 

Magnesium 

Arsenic 

• 


trace 

005 



trace 


trace 

Sulphur 

, 


trace 


, 

4*00 


5*1 

| Iron sulphide . | 




. 


2*30 


Carbon 

Chlorine 

Insoluble 

* 

2*20 

004 

0*48 

. 

. . 

1-48 

0-91 

1-40 




10000 

100 00 

99*34 

98*77 

99-99 

99*45 

9969 

100*0 


Zron ore*. Compounds of iron occur native in great numbers as minerals and 
very widely distributed ; there are indeed few natural bodies in which iron is not 
present to some extent ; it exists in the ashes of most plants (see i. 417 ii. 6801 and 
appears to be an essential constituent of the blood of animals (see ante p 2) Of the 
native compounds containing iron in large proportion, those which occur m greatest 
abundance are the oxides, disulphide, carbonate, phosphate, titanate, and silicate But 
for the extraction of the metal the only minerals that are suitable are the several ’oxides 
and the carbonate, all of which occur as large masses, of a greater or less degree of 
purity, being generally mixed with varying amounts of silicons or earthy substances 
and smaUer quantities of vanous other minerals. The Jbgt important varieties of 
these ores of iron are the following JR r v 

1 . Ma #neteisen;15'xyde maynetique.—Thh 

72*41 0I ? ? f ava \ lable for smelting ; in its purestsfcate it contains 

72 41 per cent. iron. It is black and generally has a metallic lustre, and occurs both 
crystalline, granular and compact or even earthy, at well as in the state of sand. It 
exists abundantly in many localities as beds or veins, and sometimes forming entire 
mountain masses, associated, with volcanic or schistose rocks, and chiefly ^Norway. . 
Sweden, Siberia, and North America. It is sometimes largely mixed with pyrites and 
oth<» sulphuretted minerals. In this country magnetic iron-ore occurs in the? West of 
England and at Kosedale in Yorkshire. 

fht mineral known as FrankUnite appears to be a variety of magnetic iron ore in 
which ferrous oxide is replaced Ijy zinc oxide* 
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Analyses of Magnetic Iron Ore. 



orms large reins or beds, associated with quartz, calcspar, and heavy spar. Some 
intis are hard, others soft and friable, and it generally contains varying amounts of 
tH y iy admixtures. The principal British deposits of haematite are in Cumberland and 
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Lancashire^ the Isle of Man, Devonshire and Cornwall. On the Continent it occurs 
chiefly in 0b Hartz, Silesia, the Austrian provinces, and in Norway. A peculiar oolitic 
hsematiteoecurs in the neighbourf$6d of Li&ge. 

Bed ochre is an earthy variety of ferric oxide containing a large admixture of 
day. 

Specular iron ore ; Eisenglanz ; Fer speculaire . — This also consists of anhydrous 
ferric oxide ii a crystallised form. Its colour is iron grey or almost black. Specific 
gravity 4*8 to 5-3. The crystals of this mineral belong to the hexagonal system, R.oR 
and sometimes R. 4P 2 . £R. It occurs chiefly in schistose rocks, in Norway, the Erzgebirge, 
in Russia, and several parts of the South of Europe, the most extensive deposit being that 
in Riba, which has been worked upwards of 3,000 years. 

Specular iron ore often contains titanium, either in the form of rutile, or combined 
with the ferric oxide constituting ilmenite. This was formerly considered preju- 
dicial to the ore; hut quite recently it has been stated that the presence of titanium 
in iron ores, contributes in some way, not yet understood, to the production of good 
iron. 

Native hydrated ferric oxide; Brown iron ore; Brauneisencrz ; hematite brim . — This ore 
consists essentially of hydrated ferric oxide, which in the pure state contains 59 '89 
per cent, of iron and 14*44 per cent, combined water. It is sometimes indistinctly 
crystalline or fibrous ; but more generally compact or earthy, and of various shades of 
colour from blackish-brown to yellowish-brown. This ore frequently contains a con- 
siderable amount of manganese, and a more or less considerable admixture of foreign 
earthy substances. It occurs abundantly in the Forest of Dean in Gloucestershire, in 
several parts of Devonshire and Northamptonshire, and Lincolnshire, as well as in 
Weardale, Durham, where it has originated chiefly by the alteration of spathic iron 
ore. On the Continent it is very abundant, and is one of the principal ores smelted in 
France and Germany. 

A variety of this mineral occurs in many places under the name of bog iron 
ore (Sumpferz ; minerai cits marais), which has apparently been formed by deposition 
from ferruginous water under the influence of living organisms. Some kinds of 
this ore furnish very good iron — for instance, the lake ores of Sweden and Lower 
Canada ; but generally it contains so large an amount of phosphorus as to be useless 
for smelting. 

Yellow ochre is an argillaceous variety of hydrated ferric oxide containing more 
combined water than brown iron ore, and basic sulphate; sometimes also basic silicate, 
phosphate, and arsenate. 


Analyses of Brown Iron Ore. 


Source 

Analyst 

Dean Foreit. 

Devon- 

shire. 

Northampton- 

shire. 

Weardale. 

Dick. 

Price. 

Dick. 

Dick. 

Tookey. 

Spiller. 

Ferric oxide 

90 05 

89*80 

89*28 

89*39 


74-32 

72*08 

49*57 

Ferrous oxide . 


. 


, # 

trace 



10-77 

Manganous oxide 

0*88 

0*04 


0*33 


0*57 

6*60 

3*06 

Alumina . ... 

0-14 

0*98 


Rffyi 

2*30 

2*91 

0*40 

0-84 

Lime 

006 

0*61 


0*33 

0*41 

0-76 

Krai 

5-69 

Magnesia . 

0’20 

0*40 


■iMJ 

0*11 

0*18 

1*90 

1*21 

Potash . 

, , 


. . 





KJUjI 

Silica V, . 

0-92 

2*14 

run 

1*42 

£ 


4*09 

6*64 

Titanic 'flfeid 








Carbonic acid . 

# 

, , 

. 

. . 


0*57 

0*13 

14*49 

Phosphoric acid 

009 

0*13 

trace 

0*13 

"1 03 

3*17 

0*22 

0*01 

Sulphuric acid . 

) 

trace 

. . 

trace 

, 

trace 


trace 

Iron pyrites 

> traces 

. 

. 

trace 

. 

0 06 

. . 

0*03 

Water |eoSbin C e 0 (F lG 

9-22 

7-05 

js-74 

8*83 

1*80 

12*40 

11*89 

1 12*40 

1*81 

6 63 

Organic substance . 


' • • 



trace 

• • 

trace 

Percentage of iron . 

100*76 

63 04 

101*05 
! 62*86 

100*00 

62*57 

101*15 

62*60 

99*78 

53*20 

100*46 

52*05 

99*38 

49*78 

100*80 

43*02 
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Analyses of Brown Iron 


1 


North. 

Wales* 

Lincoln- 

HfSftt- 

Dorset- 

shire. 

Wilt- 

North- 

Corn- 

1 Source 

amp ton- 
shire. 

LUn» 

trissant. 

Shire 
. Brigg. 

amptoti- 

sbire. 

shire* 

Seend. 

empton. 

shire. 

walls 
8t* ’ 








Austle. 



Price A 







Analyst 

Nichol- 

son. 

Riley. 

Tookey. 

Percy. 

Tookey. 

Riley. 

8piller. 

RUey. 

Ferric oxide • 


68*58 

59 05 

5810 

56-20 

55*21 

53*48 

6286 

51*87 

Ferrous oxide . 


. . 

. . 


trace 

, 

. . 

trace 

Manganous oxide 



009 

0-88 

0*20 

0*95 

1*60 

0*51 


Alumina . • 


3*27 

trace 

4*95 

2*43 

7*70 

4*38 

7*89 

i n 

Lime 



0 25 

4*15 

0*49 

mi lu 

0*84 

7*46 

Vr * 

Magnesia . 


. . 

0*28 

■iHIil 

017 

1*1 6 

0*72 

0*68 

m i ' 

Silica 


11*63 

34*40 

11*70 


19*65 

! 26 23 

13*16 

i ; 

Carbonic acid . 



• • 1 

1*08 

. . 


trace 

4*92 


Phosphoric acid 


0 97 

Tan 

TEa 

mMM; 

0*42 

0*87 

1*26 

0*49 

Sulphuric acid . 


0 18 

. 



0*16 


Iron pyrites 


. . 

009 



. 

trace 



«HS3“ 


1 11*56 

0-24 

6*14 

1 16-46 


1 13*11 

13*61 



Organic substance 












100*26 

100-68 

99-68 

10030 

99*05 

101*73 

99-54 

100*15 

Percentage of iron 

• 

48*00 

41-34 

40-67 

39 34 

38 65 

37*44 

37*00 

36*31 


Analyses of Brown Iron Ore — continued. 


Source 

Analyst 

North- 

ampton- 

shire. 

Oxford- 
shire } 
Wood- 
stuck. 

Dean 

Forest. 

Stafford- 
shire ; 
Fmg- 
lia'l. 

North- 

ampton- 

shire. 

Denn 

Forest. 

Belfast. 

North- 

ampton. 

shire. 

Dick. 

Tookey. 

Dick. 

Hi ley. 

Dick. 

Tookey. 

Riley. 

Ferric oxide 

38*04 

44-67 

32-76 

52-83 

50*53 

48 99 

35 91 

34*41 

Ferrous oxide . 

10-54 

0-86 

, 


trace 

0-24 

6 57 

trace 

Manganous oxide 

0-69 

0-44 

trace 

0 81 

0*51 

0 16 

0*06 

0-27 

Alumina . 

13*02 

9*10 

0-05 


7*52 

0*17 

27*96 

6*40 

Lime. 

trace 

9-29 

0*25 

14*61 

11-92 

14*07 

0*60 

26*72 

Magnesia . . 

4-35 

066 

0-25 

570 

0-62 

1021 

0*20 

0*87 

Potash 

0*38 

' . 

. . 


Oil 

, 

0*49 


Silica . . . 

23-24 

12-34 

63*62 

trace 

8-80 

0*79 

9*75 

6*69 

Carbonic acid 

016 

611 


18*14 

798 

20*75 

m # 

18*45 

Phosphoric acid 

0*26 

0-55 

0*0 9 

0-32 

1-28 

006 


! 1*47 

Sulphuric acid . 

Iron pyrites 

trace 

0 13 

trace 

| trace 

0-28 

0-17 

trace 


0*07 

0*30 

Water \ h y6™ BCO P ic - 
( combined 

*6-92 

1 16-31 

*3 55 

4*75 

|u-oo 

*5 18 

1 18*60 

6*97 

Organic substance 

0*19 

. . 

. . 

1*30 





Percentage of iron • 

99 92 

34*83 

100-33 

31-94 

100*47 

2293 

98*74 

36 98 

100*44 

36*37 

100*62 

34-46 

3025 

101*62 

24*09 


Native ferrous carbonate ; Spathic iron ore ; Sp&heisenstein ; fer spathiqus . — This 
mineral consists essentially of ferrous carbonate, and in its purest state contains 48*27 
l>er cent, of iron. It is generally crystalline, sometimes presenting distinct crystals 
(see i. 785), and sometimes in the form of fibrous nodular masses known by the name of 
sphaaosiderite. It varies in colour from white to yellow or brown, and is very often 
found to have undergone more or less complete conversion into hydrated ferric oxide 
under the influence of atmospheric oxygen. Spathic iron ore occurs as veins and beds 
m the older rocks, and associated with limestone strata. It is worked in this country 
chiefly i n Durham and Somersetshire; on the Continent it is of more frequent occur- 
*vnce, the chief localities being Styria and Westphalia, where it constitutes entire 
mountains, and has long been famous under the name of “ steel ore ” for yielding nay 
fine qualities of iron ana steel. 

s 2 
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Uy Opat&ins a considerable amount of manganese and small 
irrifrn^Jl,ii§ ^ a aometimee.assoaated with lead and copper ores, 
pr f &c., but is fluently quite free from any ad- 


quartfpiH 
mixture or 


Analyses of Spaihio Iron Ors* 



Analyst I Peters. Dick. 


Italic oxide • 
Ferrous oxide . 
Manganous oxide 
Zi^Bxide . 

Alumina . . • 

Lime 

Magnesia . 

Silica 

Carbonic acid . 
Phosphoric acid 
Sulphuric acid . 
Iron pyrites 

Water |comhinof C 
Organised substance 


045 * * 

0*39 trace 


Brendon, 

Somersetohire. 

Siegen 

Alte 

Birke. 

Ehren- 
frieders- 
dorf; 
Saxon jr. 

Price & 
Spiller, Nichol- 
son. 

Schna- 

bel. 

Magnus. 

0*81 . . 


# # 

43*84 43*94 

43*59 

36*81 

12*64 12*88 

17*87 

25*31 

0*01 



0*28 . . 

0*88 

. , 

3*63 4 00 

0*24 

. 

, 0*07 



i 38*86 39*18 

38*22 

38*36 

» 0*18 ; . 

• • 

• • 

1 100*32 100*00 

100*00 

100*47 

i 34*67 34*18 

33*90 

28*63 



Percentage of iron . 42*59 38*56- 1 38*95 34*67 34*18 33*90 28*63 | 13*98 1 

Ferrous carbonate mixed with clay often occurs with beds of coal, in sedimentary 
rocks and is known under tho name of argillaceous, epheerosiderite, or clay iron ore. It 
is compact and earthy ; of various shades of grey and brown, or sometimes quite black, 
owing to an admixture of carbonaceous substance, and occurs in lenticular masses or 
nodules. This oro is generally very abundant in the coal measures ; but in some 
instances it is almost wholly wanting in thoso rocks, as for instance in the coal fields 
of Northumberland, Durham, Lancashire, and Belgium. The principal localities where 
it is worked in this country are tho coal fields of Scotland, Staffordshire, Shropshire 

aU It^s^found to somo extent in Franco and Gormany, and abundantly in America, 
but is not worked there. 

Analyses of Clay Iron Ore from the Coal Measures. 


Name of ore 
Analyst 


Ferric oxide 
Fei^pnsjj^de . 
Manganous oxide 
Alumina . 

Lime . 

Magnesia . 

Silica 

Carbonic acid 
Sulphur 

Water |«STnT 

Organic substance 


Percentage of iron 



0*33 

1*16 

0*23 

Jb-47 

1*16 

0*23 

2*72 

45*84 

38*80 

35*22 

53*03 


35*22 

53*82 

40*77 

020 

0*07 







2*53 

6*20 

5*34 

0*63 

6*13 

6*34 



1*90 

5*30 

8*62 

3*38 

2*10 

8*62 

1*51 

0*90 

6*90 

•6*70 

5*19 

1*77 

2*77 

6*19 

0*28 

0*72 

7*83 

10*87 

9*56 

1*40 

9*70 

9*56 

2*00 

1010 

33.63 

30*76 

32*53 

35*17 

32*24 

32*53 

34*39 

26*41 


0*16 

0*62 

• • 

0*20 

0*62 










1*00 

*1*86 

*1*87 

*213 

3*63 

1*60 

*2*13 

*7-70 

17*38 

100*37 

101*00 

100*37 

. 

99*66 

100*37 

100*00 

100 00 

28*40 

30*00 

28*40 

40*90 

34*00 

28*40 

41*60 

84-60 
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A variety of this ow containing from 10 to 16 orqven.ftO 
occurs as thin layers in the coal measures of sol 

Wales, and is known under the" name of “ r * 




Analyses qf Olay fyon Or* from tit* Coal 


"Yorkshire. 

-C’ ' ' »■- ' 

D*rby WilrtC 


Black 
bed ; 
Low. 
moor. 

White Black 

mine; | mine; 
Parkgate. 

Brown 
Rake ; 
Butter- 
lev. 

Dale- 

moor 

Rake; 

Stanton 

Dog- 
tooth | 
Stave- 

mitten 

Foley;*? 

s 


Source 

Analyst 


Ferric oxide 
Ferrous oxide 
Manganous oxide 
Alumina 
Lime . 

Magnesia . 
Potash 
Silica . 

Carbonic acid 
Phosphoric acid 
Sulphuric acid 
Iron pyrites 

"rSBar 

Organic substance 


Percentage of iron 


Spiller. 


Dick. 


1-46 

1*69 

2-39 

1-49 

3-49 

1-42 

012 

§ 0*05 

3614 

39-38 

4177 

37*99 

39*55 

28*27 

si-or 

L46'53 

P38 

0-95 

1*13 

1*51 

1*50 

102 

236! 

1*2*54 

674 

6'42 

4-79 

5-57 

5-45 

2*21 

2-4? 

1*22 

270 

2-26 

2-66 

4-59 

3-38 

13-94 

174 

2*44 

2-17 

3-89 

3-85 

3-37 

2-88 

9-27 

1*10 

1*39 

0-66 

0-37 

0-43 

0*56 

0-48 

016 

0-28 

20 

17-37 

12-16 

8-93 

10 04 

10-22 

3-65 

3 02 

1-93 

26-67 

29-38 

31-39 

29-92 

28 63 

37 61 

33-63 

3077 

0-34 

0-47 

076 

0-80 

1*12 

074 

1 12 

0-69 

trace 

. 

trace 

truce 

traeo 

trace 

trace 

0-04 

o-io 

trace 

. 

006 

005 

004 

0*17 

0*34 

0-61 

0-68 

0-65 

074 

0 51 

0-18 

| 0-99 

) 

1-16 

1 41 

115 

1*47 

1*24 

073 

( 1*47 

2*40 

0-64 

0-86 

1-42 

1 14 

002 

* 124 

10-46 

9978 

99 60 

100-54 

99-52 

10014 

10016 

98-97 

10007 

29-12 

31-82 

34-16 

30-60 

33-20 

22-98 

39-88 

36*39 


Analyses of Clay Iron Ore from the Coal Measures — continued. 


Staffordshire. 


Source 







Bun- 






Dudlry. 


ker*s 

Darlaston. 








Hill. 



Name of ore 

Pins. 

| Grains. 

| Gubbin 

1 White- 
stone. 

Binds. 

Balls. 

White- 

stone. 

Gubbin. 

Analyst 



Dirk. 


Spiller. 

Dick. 

Tookej. 

Ferric oxide 


0 54 

0*13 

0-40 

004 

115 

0*43 

3*17 

3*82 

Ferrous oxide . 


45*35 

46*30 

45-86 

48-63 

30-90 

5204 

33*92 

49*40 

Manganous oxide 


0-56 

1-44 

0-96 

1-29 

073 

0*92 

0 77 

0-80 

Alumina . 


570 

4*80 

5-86 

3*64 

9*58 

4-98 

0*44 

3*06 

Lime 


2-60 

076 

1*37 

4-45 

1-84 

0-63 

2*06 

0 86 

Magnesia . 


1-26 

0-94 

1*85 

0-80 

3*11 

118 


0-62 

Potash , 


0-36 

9 m 


Oil 

0*74 

0*32 

on 

■«* 0*30 

Silica 


10-63 

10 29 

10-88 

6 21 

26-60 

0-63 

18*23 

0*22 

Carbonic acid * 


30*21 

30*44 

3102 

32-16 

2213 

32 31 

20-89 

32*05 

Phosphoric acid 
Sulphuric acid . 


0*46 

0-74 

0*21 

031 

0-20 

0-21 

035 

0*23 


trace 

trace 

trace 

0*06 

trace 

trace 



/>inc sulphide . 



9 m 

, . 


, , 


m m 

1-27 

Iron pyrites 


0*20 

0*07 

o-io 

0*16 

0*12 

013 

015 

0*18 

Water | h y«Jww°pio 
(combined 


| 1*64 

1*38 

1*08 

0*32 

1*28 

0*66 

1*83 

0* 46 

0*42 

0*98 

0*37 

0*29 

Organic substance 


} 1*69 

114 

0-90 

0*28 

010 

0*51 

0*47 

0*54 

Percentage of iron 


100-99 

3574 

98*43 

30*14 

100*29 

35*99 

99*69 

37*45 

99*61 

24 88 

100-25 

40*84 

99*01 

28*87 

99*81 
| 41*06 
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■ ‘y-^ . i ’’v’ij? South Wale*. 


^ Name of ore 

Analyst . 

, 

Ferric oxide 
Ferrous oxide . 
Manganous pxide 
Manganic oxide 
Lime . • 

Magnesia 
Soda 
Potash 
Alumina . 

Clay 

Silica 

Carbonic acid . 
Phosphoric acid 
Sulphuric acid . 
Sulphur . 

Iron pyrites 

Water !*>ye r ° 9CO P ic • 
Wat P ^combined 

Organic substance 


Percentage of iron 


Blifrn- Cwm 
stem. Aron . 

Black Sulphury 
pin. mine. 


0-45 034 

41*22 40-30 

1*07 P03 


Price & Nicholson. 


37-07 42-64 
0-23 0-26 


2- 89 1-44 

3- 68 2-94 

0- 48 0-82 

4- 88 7*90 

1160 14-43 

30-07 28 23 
0*76 . . 

trace trace 

*0 16 009 

. . 0-74 

1- 21 . . 

0-82 0-29 


661 524 

740 6* 26 


37-14 36-89 

0-23 0*17 


trace 0'22 


9-80 8-87 


Black band. 

| raw. jcalcined. 


43-37 43-30 

| 1-60 1,08 | 1*80 

} 3 00 *1-26 2 10 

0-25 2-67 4-45 


•80 7*20 10-61 

30-50 28-46 
trace 0*67 103 

1*56 0*26 

*0-27 

0-31 

6-25 15*10 


99*28 99-43 100-18 99*55 100-28 100*00 99*99 

32 44 31-63 28*88 33*17 36*4 33*68 66'00 


Clav iron ore also occurs abundantly in strata belonging to the Lias, as well as in the 
Oolite^ and Tertiary series of rocks, sometimes partially or wholly converted into brown 
Pr^n oro by almosplieric oxidation/ This ore £ now largely worked in the Cleveland 
district in Yorkshire. 

Analysis of Clay Iron Ore from the Lia s and Oolites. 

Source MkWU,^ 'gr *}J“ Belmont ^by. “S*™' 

Analyst ^ ^ *"'!■ Percy. Dick. 


Ferric oxide 
Ferrous oxide . 
Manganous oxide 
Alumina . f . 
Zinc . Vf" . 
Magnesia . 

Potash • . 

Silica 

Carbonic acid . 
Phosphoric acid 
Sulphuric acid . 
Iron pyrites 

Organic substance 


Percentage of iron 


2-86 4-25 1*20 

43 02 40-86 43'36 

0-40 . . 

5- 87 3-44 9-88 

6- 14 3-80 0*68 

6-21 3*70 5-35 


25-50 32-50 


7-65 7-45 

22-96 25*40 
3*87 0-60 

. . trace 

0*09 trace 



100-30 

99*10 

97*27 

10 >*32 

32-78 

31-71 

31*42 

28*2* 
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Both day iron ore and carbonaceous iron ore are frequently accompanied by admix- 
tures of metalliferous, sulphuretted, arsenical, awUjijpsphatic minerals, sometimes in 
each amount as to detract from their value for smejrag purposes ; but generally they 
are sufficiently pure to furnish iron of good qualify?" Bopie kinds of the ore known 
as “coal brass” also contain a considerable amount dT ferrous, carbon ute, though they 
were disregarded as iron ores, until attention was directed to their compositionKl|^9< 
by Messrs. Price and Nicholson. ' *^7 

Native iron Sulphides occur very frequently and in great abundance in some pla|$s. 
Of late years these minerals have been much used as a source of sulphur, and are largely 
imported from Spain and Norway for that purpose. The principal varieties are : 

1. Iron pyrites ( Eisenkies ; pyrite), which has a yellow colour and metallic lustre. 
Specific gravity 4*9 to 5 1. It occurs crystalline, granular and compact, frequently 
disseminated through other minerals. In its purest state it contains 63*38 per cent, 
iron, and 46 67 per cent, sulphur. 

Analyses of Iron Pyrites. 



2. White iron pyrites (Strahlkies ; pyrene ), is a variety of iron pyrites of a white 
colour; it is also of frequent occurrence. 

3. Magnetic pyrites ( Magnetkies ; pyrite magnctique), has a bronze colour with 
metallic lustre, and is slightly magnetic. Specific gravity 4*6 to 4*7. It occurs both 
crystalline or granular, and compact. In its purest state it contains 60’49 per cent, 
iron, and 39*61 per cent, sulphur. 

4. Arsenical pyrites (Mispickel ; Arsen kies ; fer arsenical ), has a steel £rey colour, 
and metallic lustre. Specific gravity 6 # to 6*2. It occurs in the same states as iron pyrites, 
frequently associated with tin ores, and contains 34*36 per cent, iron, 10*96 per cent, 
sulphur, and 66*79 arsenic. This mineral frequently contains a considerable amount of 
silver. Both it and the other varieties of iron pyrites sometimes contain' gold, and 
varying proportions of other metallic sulphides, especially copper pyrites, with which 
they are frequently associated. 

The residue left after separating sulphur from iron pyrites by roasting, is smelted to 
extract the copper it contains; and attempts are being made to use it also for obtaining 
the iron from it 

Of other native compounds of iron that occur in large quantities, the most important 
are the chromate (see Chrohr iron orr, i. 939) ;the Manatee iserine, and ilmenite (see 
Titanatrs) ; the tungstate (see Wolfram) ; the silicates (see Grerm earth, ll 944, 
and Silicates) ; the ferrous and ferric phosphates. (See Phosphates.) 

Preparation. — 1. Pure iron may be obtained by heating pure ferric oxide in a 
current of hydrogen gas.' If the redaction be effected at the lowest possible temperature, 
the iron is obtained In the state of a grey powder which is pyrophoric, and takes fire 
? n contact with atmospheric air, being converted into ferric oxiae. At a Strong red 
“Cat the metal is obtained in a spongy state and is less readily oxidised. 
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2. A mixture of iron wire or iron filings, with one-fouith part of magnetic oxide, 
placed in a closely covered crucible, under a layer of powdered glass, free from heavy 
metallic oxides, and exposed to a white heat in a smith s forge, yields a button of iron 

containing only mere traces of carbon or other impurities. 

Manufacture on the large scale.— Malleable iron may be obtained directly from iron 
ores by heating them with charcoal under the influence of a blast of air. Formerly, 
malleable iron was obtained by this method exclusively, but it is now practised almost 
only in Sardinia, thePyrenees, India, some parts of America, Africa, and other countries 
whega metallurgy art is less advanced than in the great iron-producing districts of 

1 ^Production of malleable iron direct from the ore . — This is chiefly practised ac- 
cording to what is termed the Catalan method. It consists in heating the roasted 
ore with a charcoal Are urged by a blast, and in a manner very similar in its general 
character, to that adopted in working a smith’s forge. The most important of the 
several arrangements for this operation, comprised collectively under the term bloom- 
ery ” ( Luppenfeuer , forge Catalan ), is the hearth {Heerd ; cr evert), which is a nearly 
cubical chamber built of stone, and lined with blocks of iron, s , s, t, t, at the back 
and front. It is placed against a wall N, N, through which the tuyere, T, of tha 
blowing machine projects, as shown in Jig. 573. The ore to be reduced is broken to pieces 
' the size of a nut, and is placed against the 

Fig, 673. f ron t 0 f ^ } iea rth, s, s, while the remain- 

ing space M, between it and tho back t, 
plgl t , is filled with charcoal, and when tho 
^ 4 hearth is filled in this way, the upper part 
of the heap of ore forms a ridge at d, f g, 
the surface fg, being covered with a layer 
of closely packed charcoal dust ( brasque ). 
The fire is then urged by the blast and the 
ore becomes gradually deoxidised, while 
the gangue or earthy substance contained 
in tho ore, combines with a portion of fer- 
rous oxide, forming a fusible siliceous slag 
which collects at the bottom of the hearth. 

■ Fresh charcoal, and the finely divided ore, 

aWftJ are constantly supplied to the fire mean- 
while, and eventually the deoxidised 
mineral sinks down, in the state of malle- 
able iron, to the bottom of the hearth, 
where a workman kneads together the 
WMWf fragments into a spongy mass, which is 
taken out of tho fire, and rendered solid 
by hammering while st ill red-hot, so as to 
unite the metallic particles, and it is then 

~ ~ w .„,, „ v, drawn out into bars under a forge-hammer. 

Only the richer kinds of ore can bo treated in this way, and it always involves 
the wasto of a large portion of the iron, which escapes reduction, and by entering 
into combination with the siliceous and earthy portions of the ore forms a slag 
consisting chiefly of ferrous silicate. In the extraction of iron by this method, the reduc- 
tion is effected, perhaps entirely, by carbonic oxide, and the carburation of the iron to 
such an extent as to determine the production of cast iron, is^revented by the want of 

an adequately high temperature. , . / - * 

2 Indirect process . — The production of malleable ircjjis now for the most part 
effected by operating upon cast iron so as to deprive it ofChi greater part of the carbon 
and silicon it contains, and at the same time to separate'dther admixtures that would 
be prejudicial to the quality of malleable iron. This operation is conducted in two 
ways, the one termed the charcoal finery, the other puddling. Both consist in a 
partial oxidisation of the cast iron, and production of a fusible ferrous silicate, which 
reacts upon tho carburet of iron and determines the oxidation of the greater part o 
the carbon and other substances contained in the cast iron. # 

' The main distinction between these two modes of operating is that, m the one oas 
charcoal is employed in contact with the cast iron ; while, in the other coal is used in 
a reverberatory furnace, so that the iron is acted upon in a separate chamber without 
actual contact with the fuel ; but only by the flame and heated gases produced by it* 

C °T^Se^st iron containing a small amount of carbon is most suitable for conversion 
into malleable iron, because it does not melt so readily at a moderate heat and i» no* 
so liquid when melted as grey cast iron, but softens before melting and remains 
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some length of time in a viscous condition, which admits of its presenting a greater 
surface to the action of oxidising agents when stirred about. Its carbon is also more 
easily oxidised than the graphite of grey cast iron. When therefore grey cast iron 
has to be converted into malleable iron, it is in the first instance converted into white 
iron by a preliminary melting in the running-out fire (p. 349), 

The production of malleable iron • - 

by the charcoal-finery, is practised Fig . 674. 

in different places with a great 
number of minute variations, de- 
termined partly by the nature of 
fcho pig iron operated upon, partly 
by less important circumstances. 

The charcoal-finery employed 
in Wales, and some other parts of 
the country, for manufacturing the 
sheet iron used for tin plates, which 
requires to be of very good quality, 
is represented in section by fig. 

674. It consists of a quadrangular 
hearth lined with east iron plates 
enclosed within brick walls and 
furnished with a blast apparatus. 

About 2 cwt. of pig iron, melted 
with coke in a similar kind of 
hearth, called a melting finery , 
is rnn into the hearth, covered 
with charcoal and stirred about, 
while the fire is urged by a blast 
of air until the iron becomes suffi- 
ciently decarburised to be malle- 
able. Then it is collected in a lump ( Luppe ; loupe) at the end of an iron bar, and 
removed from the hearth for the purpose of being hammered into a prismatic slab 
about 2 inches thick. This is broken into pioces of about 25 lbs. each, called stamps 
(sckirbel; lopins). About threo of these stamps are piled upon the flattened end of an 
iron bar termed the staff or portal , and raised to a welding heat in a kind of 
reverberatory furnace termed the hollow fire , and again hammered into a slab about 
3 inches thick, which is passed between rollers until it forms a sheet of the requisite 
thickness. 

In Sweden the greater part of the best iron is made in a very similar manner, except 
that there, as well as in Germany and other parts of the Continent, the pig iron is melted 
in the same hearth in which it is converted into mal- 
leable iron. An ordinary form of the hearth em- 
ployed is represented by fig . 675. 

The pig iron is melted above the tuyere, so that it 
may not be exposed to the blast until it has become 
liquid, and the blast is regulated so as to retain the 
metal on the hearth in a proper state of fusion ; the 
blast is then stopped, the slag run off, the iron raised 
off the hearth, and placed on tho top of a fresh supply 
°f charcoal, after which it is again melted. When the 
decarburation has advanced far enough, which may be 
judged of by the consistence of the metal, it is again 
raised up, covered with charcoal, subjected to a 
strong welding heat to melt away the slag, and then 
hammered out to a short bar, which is cut into pieces 
that are again welded together, and drawn out into 
bars under a hammer. 

In order to appreciate the chemical nature of the 
process that takes place in the charcoal-finery, it is . 

necessary to consider the composition of the slags. They consist essentially of silica 
and ferrous oxide, but may be divided into two classes, viz. poor slag ( Rohschlacke ) 
an »L r * c k *1*5 {Oaarschtacke). 4 

The poor slag is formed daring the first melting of the pig iron ana the earner stage 
°f the operation. It consists essentially of ferrous silicate. It is very liquid and 
solidifies mildly, is of a blackish-grey colour with metallic lustre, crystalline, frequently 
variegated, and sometimes porous. The crystals have the form of olivine or iron ebry • 
solite, and the composition of the slag approximate# to that of this mineral. 
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Analyst of poor Slag t from the Charcoal-finery. 


Source 

. 

• • 

• . • 

Magdetpriing, 

Analyst 

MUscherllch. 

RammeUberg. 

Walchner. 

Wiegand. 

Ferric oxide . • 

Ferrous oxide . 

67-24 

2*25 

63*51 

6204 


Manganous oxide 

0*05 


2-64 


Magnesia . 

• 

1-40 

2’8 

Lime 

. . 


• . 

Alumina . . 

, , 


. . 

30 

Potash • • 

, 


0-28 


Silica 

31-16 

3 * 4-38 

82-34 

32-4 


9905 

100-14 

9970 

100*0 

Ratio of oxygen ini 





bases to oxygen in [• 

•914 

•822 

•868 

•907 

silica . . J 





Percentage of iron 

52-30 

50-69 

48-25 

44-95 


The rich slag is formed during the latter stage of the operation. It is less liquid, 
and solidifies less quickly than the poor slag. It forms an agglutinated mass ; is heavier, 
of a grey colour, and has a compact fracture. Its composition varies much, and the 
amount of iron is greatest in that formed at the end of the operation. 

In the charcoal-fineiy process, the separation of the carbon, silicon, phosphorus, and 
manganese from pig iron is effected by the oxidation of these substances, partly by the 
blast and partly by the ferrous oxide contained in the slug, formed at the end of the 
operation. 

Cast iron melted with ferric oxide yields carbonic oxide and iron. Iron containing 
silicon, when heated with iron oxides, yields ferrous silicate. The ferrous silicate consti- 
tuting poor slag is not reduced, either by pig iron or by carbon, at a red heut ; it is only 
at a very high temperature that there is a reaction between the carbon and ferrous oxide, 
with elimination of iron. The more highly basic ferrous silicates, constituting rich 


Analyses of rich Slag from the Charcoal-finery . 


Name of works 

Swe 

Gyslnge. 

den. 

Skebo. 

Lauch- 

hamraer. 

Sauvigny. 

Norway. 

Kybnik. 

Silesia. 


Analyst . 

Winckler. 

Sefstrom. 

Lampadiui 

Berthier. 

Strom. 

Karsten. 

Hoffknann. 

Ferric oxide 

. 




, , 

61-2 

6 00 

Ferrous oxide 

82-9 

82-1 

v.«B 

74-0 

71*3 

71*16 

Manganous oxide . 

. . 

6-8 

3-00 

36 

27 * 

67 

0-46 

Magnesia 


2*8 

* 1*75 

1-8 

2-4 

Lime . 


, f 

. . 

0-9 

1-26 

Alumina 

Potash • 

i 

r 

- • 

300 

mm 

• • 

0-2 


Silica . 

13-9 

7-6 

10-25 


24*4 

18*1 

2101 

Phosphoric acid . 

• • 

• - 

1-75 

HR 

37 




100-0 

99-3 

99-75 

■vnvt* 

■ 5 ) 9-1 

99-5 

99-88 

Ratio of oxygen ini 





1*418 

17 

1*663 

bases to oxygen V 

2-485 

5-150 

3-598 

1736 

in silica . . j 








Percentage of iron 

64-48 

63-86 

59-89 

57*56 

55-46 

47-6 

59-50 


shift on the contrary, are decomposed, even at a red heat, by pig iron, in such a manner 
that the excess of ferrous oxide is reduced, and a less basic ferrous silicate remains. 

During the first stage of the process, the silicon of the iron, together with the 
oxidised iron, and any sand that may be present, contribute to the formation of poor 
slag; but as the oxidation of the iron coutinues, the slag gradually becomes richer in 
iron, and serves to a great extent as the medium by which the action of atmospheric 
oxygen upon the pig iron is exercised. Phosphoric acid and manganese also pass into 
the slag. The conversion of pig iron in this way must not be carried on too rapidly, 
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especially in the case of the less pure varieties, or the oxidation of the silicon, phos- 
phorus, &c., and their consequent separation, will not be fully effected ; nor must it be' 
too much protracted, or there would be unnecessary waste of iron by oxidation. 

Hot blast has been employed in the charcoal-finery ; but since the object of that 
operation is not so much to obtain a high temperature as to separate all the impurities 
ofthe pig iron, the blast cannot be so much heated as in other cases. 

3. Puddling; Frtschen im Flammofcn ; a fin age a la houille. — This is at the present 
time by far the most important method of manufacturing malleable iron, especially 
in this country. The main difference between the operation of puddling and that of 
refining with charcoal, consists in the use of a reverberatory furnace for the purpose, in 
order tLat the decarburation of the iron may be effected in a chamber separated by a 
wall or bridge from the fire-place where the fuel is burnt. The metal is thus kept 
entirely out of contact with tne fuel by which the furnace is heated, and it is acted 
upon only by the flame and hot gas passing over the bridge into the working chamber. 
This arrangement admits of the use of mineral fuel in place of charcoal, and is 
requisite for the sake of preventing the iron from becoming contaminated with the im- 
purities always present in mineral fuel in far larger amount than in wood charcoal. 

The construction of the puddling furnace is represented hy jig. 576 in elevation, and by 
Jigs. 577 and 578 in vertical and horizontal sections. It is built of brick, and cased with 

strong plates of cast iron, 
Fig . 576. held together by iron 

bars. The flroplace is 
shown in the sections at 
b b, and the firing hole at 
a in the elevation ; c is 
the bridge separating the 
fireplace from the work- 
ing chamber f;dd the 
bed or hearth upon which 
the cast iron is melted 
and decarburised. This 
is now constructed of 
cast-iron plates covered 
- with a layer of red iron 
ore, or some material 

containing abundance of ferric oxide. The working door g has a small hole at the bottom, 
through which the workman stirs about the metal in the furnace. Just below this 
door, level with the surface of the hearth, is a small hole called the floss or tap-hole, 
that can be closed with a plug, and through which the slag is run out from the Dearth. 
Sometimes the slag is allowed to run away from a hole k below the chimney. The 
!oor A is for introducing 

a fresh charge of pig Fig . 577. 

iron. The clumney i is 
generally from 30 to 50 
feet high, and is fur- 
nished at the top with a 
damper -for regulating 
the draught, as shown 
in/^. 579. 

The pig iron to be de- 
carburised is piled up on 
the hearth of the work- 
ing chamber, and when, 
after a few minutes, it 

begins to melt, about 25 578, 

per cent, of hammer- or 
mill-scale is added. The 
metal is then broken up 
and stirred about with 
an iron bar called a 
rabble, worked through 
the small hole in the 
door g. This is conti- 
nued until Jhe whole 
jnaes is reduced to a 
kind of sandy, half- 
melted condition. The heat is then increased, and soon after the whole of the metal 
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i melted, it begins to swell and heave as if boiling, while jets of blue flame issue from 


Fur 579 all parts of the mass. This is due to the formation of 

carbonic oxide by the reaction of the carbon in the 
metal with the ferruginous oxides present. As this re- 
1 ac ^ on progresses, the iron becomes pasty, and in con- 
8 sequence of the oxidation of the silicon contained in 
/jS . j| | the iron, and the formation of ferrous silicate, a liquid 

^ ScaS sB a slag separates from it, and collects round the metal on 

; f If the hearth, or flows away towards the floss k. When 

\ j I the separation of carbon from the metal has advanced 

{ ! II to some considerable extent, the oxidising action of 

yr'Sl the atmosphere in the working chamber is lessened by 

■ / ' lowering the damper and keeping the iron surrounded 

by highly carbonaceous or smoky gas. When the iron has become so far decarbu- 
Tised as to be malleable, or as it is termed “ come to nature,” it is gathered together and 
worked into several lumps with an iron bar, ready to be removed from the furnace. 

A modified form of this operation is adopted at some works, under the name of “pig- 
boiling.” The furnace used for this purpose is constructed much in the same way as 
the puddling furnace, except that for “pig-boiling” the hearth is much deeper and 
more pan-shaped than in the puddling furnace. The hearth is also covered with a 
■thick layer of red iron ore, or roasted slag from the puddling furnace, and the decar- 
buration of the pig iron is in this case effected probably more by the action of oxidised 
compounds of iron than by the direct action of atmospheric oxygen. 

For detailed descriptions and drawings of the furnaces and machineiy used in the 
manufacture of iron, seo Trur an, Iron Manufactures of Great Britain, London, 1862. 

The presence of sulphur or of some metals, such as zinc, lead, and copper in the pig 
iron, retards the conversion into malleable iron, and in the case of pig iron that 
becomes very liquid when melted, is more difficult to bring it into a plastic condition 
•than when it has the viscid character which good white cast iron, containing a small 
•amount of carbon and a little sulphur, presents when melted. In puddling sulphury 
iron, there may be a very largo waste, duo to oxidation of the metal, in consequence of 
the greater time occupied in performing the last stage of the operation. It is tho 
•opinion of some that the presence of a certain amount of phosphorus in sulphury iron 
facilitates its working into balls. 

The reactions that take placo in puddling are essentially the same as those which 
take place in the charcoal refinery. Under the influence of the free oxygen in the 
atmosphere of the working chamber, a portion of the iron is oxidised, and at the same 
time the manganese, silicon, carbon, sulphur, and phosphorus present in the iron, aro 
also oxidised, either by the direct action of air, or through the medium of the metallic 
oxides added to the pig iron, or formed during the process, the result being tho pro- 
duction of a slag or cinder, consisting of ferrous and manganous silicates, and magnetic 
oxide, and containing the other earthy impurities present in the iron operated upon, as 
well as part of the sulphur and phosphorus, the one probably in state of sulphide, tho 
other as phosphate. This will he evident from the following analyses of these slags. 

Analyses of Blag from the Puddling Furnace, “ Tap Cinder .” 


Work. ,£hll- 
Analyst 


l BromforJ.' Wales. 


Ferric oxide . 

16*42 

13-63 

Ferrous oxide . 

60-14 

5767 

Manganous oxide 

2*29 

0-78 

Alumina . 

trace 

1-88 

Lime 

070 

4-70 

Magnesia . 

0'42 

0-26 

Silica 

16-30 

8-32 

Iron sulphide . 

. 

707 

Sulphur . 

traces 


Phosphoric add 

4-68 

*729 

Copper 

• • 

trace 


99-93 

101-50 

Percentage of iron 

68-26 

58-04 



The elimination of sulphur and phosphorus from pig iron appears to be always 
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attended with oxidation of the iron in a degree proportionate to the quantify of those 
substances separated from the metal. Consequently, in order that the waste of metal 
thus incurred in producing malleable iron of good quality may not exceed such a limit 
as would be tolerable in practice, it is essential that the amount of those substances 
in the pig iron operated upon should not be large. The smaller the amount? of 
sulphur and phosphorus in the pig iron, the easier is its conversion into good mal- 
leable iron, and so far as the separation of those substances is concerned, the smaller 
is the waste experienced in this operation. 

The manganese present in pig iron appears to be always separated almost entirely 
in the manufacture of malleable iron. The presence of manganese in pig iron appears 
to exercise, in some way not fully understood, a beneficial influence upon the quality 
of the malleable iron made from it by the operation of puddling. Experiments recently 
made by Caron (Compt. rend, xlvi. 828) appear to snow that sulphur may be sepa- 
rated from pig iron by the influence of manganese during the decarbonisation, but that 
phosphorus is not separable in the same way. He operated upon iron containing IT 6 
per cent, of sulphur. By melting it three times without any admixture, the amount 
of sulphur was reduced to 0 96 per cent; but by adding to it 0 per cent, metallic 
mangunese, and by melting three times with access of air, the amount of sulphur was 
reduced to 0-8 per cent. The same iron molted with 10 per cent, ferric oxide showed a 
reduction in the amount of sulphur from ITS to 108per cent., and by melting it with 10 
per cent ferric oxide and 6 per cent, manganese, the sulphur was reduced to 0*07 per cent. 

The separation of silicon from pig iron in puddling, as in other modes of producing 
malleable iron, takes place Tery readily under the influence of oxidising conditions, 
with formation of ferrous silicate ; and the chief importance attaching to its presence in 
pig iron employed for that purpose, relates more to the amount of malleable iron obtain- 
able than to any special difficulty in the elimination of silicon. In the ferrous silicate 
constituting the slag of the puddling furnace, there is three and a half times as much 
iron as silicon ; so that, if both the silica and the oxide of iron it contains originate 
from the oxidation of the pig iron operated upon, the waste of iron will be very con- 
siderable when the amount of silicon in the pig iron is large. Under the supposition 
that the slag is derived wholly from the metal by oxidation, the puddling of pig iron 
containing 5 per cent, of silicon would be attended with a waste of 16 per cent, of iron 
due to this cause alone, independently of that resulting from the separation of carbon, 
silicon, and other substances. Hence it is very desirable that the amount of silicon in 
pig iron intended for conversion into malleable iron should not be largo. 

In that modification of the method of producing malleable iron known as 11 boiling/* 
the pig iron does not undergo any preliminary treatment, and the furnace is sometime* 
charged with the liquid metal run direct from the smelting furnace, so as to save the 
fuol requisite for remelting it. But in puddling, the practice is generally to submit the 
pig iron beforehand to an operation known as refining (Feinen ; maziage), which con*i 
sistH in melting the pig iron, in contact with coke and with the aid of an air-blast, in 
a hearth similar to a charcoal finery, but larger, and termed a refinery or running~out 
fire (F einheerd; feu definerie). This operation, which, in fact, corresponds to the first 
melting of the pig iron under the blast in the charcoal-finery, has the effect of partially 
decarbonising the iron, and of removing from it the greater part of the silicon. At 
the samo time grey pig iron is brought into the condition of white cast iron, which is 
most suitablo for conversion into malleable iron by puddling. This change is facilitated 
by suddenly cooling the metal with water as it runs from the hearth. The composition 
of refined iron, or, as it is technically termed “ metal" (Feinesen; fine- metal), and the 
change that takes place in the process, are shown by the analyses below. 


Analyse* of Refined Iron. 




360 
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The refinery or running-out fire, represented by jig . 580, consists of a rectangular 
hearth h about 2 feet deep, and rather longer than it is wide. It is lined with cast-iron 
plates constructed so as to admit of being cooled by water circulating through them 
and has three blast tuyeres t , t supplying hot air on each side. The chimney c is sup! 
ported upon iron columns, and the spaces between them are closed with cast-iron plates. 
(See Truran, op. cit. t p. 193, et seq.) 


Fig, 580. 



A quantity of coke is put into the hearth, and after the fire has been sufficiently 
raised, about one or two tons of pig iron is placed on the top, covered with coke, and 
the fire urged by the blast until the whole of the metal has melted and run down into 
the hearth, where, under the oxidising influence of the blast, the carbon and silicon it 
contains are oxidised, and a slag is formed which floats on the surface of the metal, 
hresh coke is added, meanwhile, and the heat .kept up until the action has advanced 
sufficiently far. A hole level with the bottom of the hearth is then opened, and the 
melted^ metal run into a cast-iron mould b cooled externally by water ; and a quantity of 
water is thrown upon it in order to cool it suddenly and to render the slag discharged 
from the hearth with it, more easily separable. Sometimes the charge of iron is run 
into the refinexy direct from the blast furnace, and in some cases a quantity of 

Fig. 681. 



hammer-scale or the slag from previous operations, is added to the charge, in onto 
■ purification by which the silicon and other impurities are 


to facilitate tile process or 


separated. 

The slag produced in the operation of refining is vitreous, dark-coloured, hlack or 
bluish. It consists essentially of ferrous silicate, and generally contains the greater 
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part of the manganese, as well as some of the phosphorus and sulphur that were 
present in the pig iron operated upon, together with the ash of the coke used as fuel. 


Analyses of Refinery Slag . 


Name of works . 

Stourbridge 

Dowlals. 

Bromford. 

Analyst . * . 

Ramin els berg. 

Riley. 

Forbes, 

Ferric oxide 

Ferrous oxide . 

1309 

7322 

6552 

54*94 

61*28 

Manganous oxide 

. . 

1-57 

2*71 

3*68 

Alumina . . 

. * 

3-60 

6*75 

7*30 

Lime 

. . 

0-45 

1*19 

3*41 

Magnesia . • 

1*3-69 

1-28 

0*50 

0-76 

Silica 

25-77 

33*33 

22*76 

Sulphur . 

. . 

0-23 

*017 

0*46 

Iron sulphide 

. . 

*1-37 


Phosphorus 

. . 

0*99 


Copper 

• • 

• • 

trace 



10000 

99-79 

99-68 

9965 

Percentage of iron 

66T1 

60-96 

42-84 

4766 


The quantity of slag produced in puddling depends very much on tho kind of pig 
iron operated upon, and also upon whether it has been previously refined or not. Grey 
iron and unrefined pig, containing the most considerable amount of silicon, afford a 
more abundant and more liquid slag than refined metal, the slag from which is propor- 
tionately richer in ferrous oxide, and being consequently less fusible, accumulates in 
a thick layer on tho bottom of the hearth. It may also contain ferric oxide, in conse- 
quence of partial oxidation of the ferrous silicate, or of tho ferrous oxide produced in 
excess of that requisite to form tho silicate. 

The lumps of decarburised iron obtained as above described arc termed puddle-halls 
( B'dllen ; boules ), and consist of coherent spongy masses of malleable iron, intermixed 
with oxide and slag. In order to separate these admixtures and reduce the iron to 
a compact and uniform mass, tho puddle-balls are removed from the working chamber 
of the puddling furnace while still at a welding heat, and either hammered or 
squeezed. This operation is termed “ shingling ” or blooming. 


Fig. 682. 



The hammers employed for this purpose, termed forge hammers ( Stimhammer ; mar * 
teat* frontal), lure very powerful, and are either constructed of cast iron as shown at 
fig. 682, or are steam hammers. In the former a massive beam c, 8 or 10 feet long, 
resting at one end on a fulcrum f and having at the other end a -i shaped head d, is 
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lifted by the wipers b t b , b of the cam-wheel a , and, as that revolves, the hammer is l**t 
fall, at the rate of 70 or 80 strokes a minute, upon the anvil a, where the puddle- 
ball is placed. The steam-hammer ( Da mp fka mmer; marteau pi Ion), consists of a block 
of iron, weighing several tons, attached to the piston of a steam-engine fixed above it, 
by which it may be lifted vertically in guides fitted to the frame work, and let foil 
upon the ball placed on an anvil. 

The machines employed for compressing puddle-balls are of various forms, and are 
termed squeezers ( Quetscher; presse a chamihre ). One of the most usual kinds, repre- 
sented hy fig. 583, consists of a lever, worked upon a fulcrum at the centre, by a crank 


Fig . 583. 



connected to one end, so that the jaws are alternately brought, at a rate of some 60 
strokes a minute, nearer to the corresponding anvil- faces where the puddle-balls are 
placed to receive the pressure. 

The puddlo-baJl, after having been hammered or squeezed, which occupies only a 
few seconds for each, is termed a bloom ( Luppe ; loupe), and is then drawn out into 
a bar by being rapidly passed several times, and while still rod-hot, between grooved 
rollers, constituting what is termed a forge-train ( Strcck-walzwcrk , train ae lami - 
noir), fig. 684. This consists of two pairs of rollers, it f, fitted in frames and driven 


Fig. 584 . 



by machinery. In one pair of rollers, called the roughiifarolls (Cannelur-lValzen ; 
cylindres dlgrossisseurs), there are corresponding V-shapecFgfcoves round the surface. 
In the other pair of rollers, termed the finishing rolls'" ( cylindres finisscurs), the 
grooves are flat, and in both they gradually decrease in size from one end of the rollers 
to the other, so that by passing the blooms successively through several pairs of 
grooves, they are reduced to bars of from 7 to 3 inches wide by from 1 J to J an inch 
thick. In this condition the iron is termed 44 puddle bar," or No. 1 iron. 

After leaving the rolls, these bars, while still hot, are cut. into short lengths by shears, 
and the pieces tied together by strong wir$ in a bundle is termed a pile ( Paket ; 
trousse), which is brought to a welding heat in a reverberatory furnace called the 
“ re-heating or mill furnace” ( Schwciss-ofen ; four de chaufierie), constructed somewhat 
like a puddling furnace, as shown by fig. 585. The hearth a of this furnace, on whfofc 
the iron is placed, is made of sand, and slopes down towards the flue, so that any Mag 
that is formed may run down and escape at the hole b f leaving the hearth quite 

piles are raised as rapidly as possible to a full welding heat in the mill furnace, 
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gjvd are then removed with tongs to mill-rolls, of a similar kind to those already de- 
scribed, but more highly finished, and drawn into bars which are again cut up, piled, 

and then submitted to the same 
operations of heating and rolling 
several times, according to the 
required quality of the iron. 
Sometimes, after the first rolling 
of the iron into puddle bars, 
hammering is substituted in the 
place of drawing out between 
rollers. It is in this series of ope- 
rations that the iron acquires its 
texture, and that close, uniform, 
and continuous fibre, upon which 
its strength and general good 
quality is considered to be 
chiefly dependent. The mode in 
which the pieces of iron are 
arranged in the piles is considered to be of great importance as regards the result- 
obtained ; but notwithstanding the strong opinions expressed on this subject, little is 
known as to the rationale of the connection apparently existing between the quality of 
the iron and the mode in which it is wrought. 

A certuin proportion of slag is produced during the reheating of the piles in the mill- 
furnace, which has a composition very similar to that of the slag from the puddling 
furnace, but the silica it contains is derived mainly from the sand forming the hoarth. 



Analyses of Mill-furnace Slay. 


Works . 

Dnwlais. 

Wasseralfingen. 

Sweden. 


Analyst . 

Riley. 

llarmnelgberg. 

Dtigendt. 

Nond. 

Ferric oxide . 


8-49 


6- 00 

Ferrous oxide 

66 01 

65-36 

66-83 

62-20 

Manganous oxide . 

0-19 

, , 

0-74 


Alumina 

247 


. 

9-60 

Lime .... 

081 

0-36 



Miigne-sia 

0*27 

trace 



Silica .... 

2871 

34-00 

* 33-47 

3200 

Sulphur 

Oil 




Iron sulphide . 


* # 

, , 

1*96 

Phosphoric acid 

1-22 

# # 

. , 

0-26 

Copper .... 

trace 




Percentage of iron 

99 79 

5P34 

98-21 

49-0 

100 04 

61*20 

10000 

45*34 


When all these successive operations have been completed, the iron is in the condition 
known as “ merchant iron,” and the different degrees of quality arc indicated as No. 2, 
No. 3, &e., or as “ common,” “ best” and “best best,” as well as by particular brands. 
Besides the waste of iron resulting from the formation of slag in refining, puddling, 
&c., there is always a further waste due to the oxidation of the iron during the shin- 
gling, hammering and rolling to which it is subjected. The product of this oxidation 
consists chiefly of magnetic oxide, which forms a crust on the surface of the hot iron, 
and falls off in scales, constituting what is known as “hammer-scale” or mill-scale 
( Ha w mrrschl-ag ; bat ti Cures dc fer). 

The total waste of iron in the conversion of pig iron into malleable iron, varies ac- 
cording to the kind of pig iron operated upon, and the amount of impurities in it, as 
well as upon the skill of the workmen. In South Staffordshire, the waste amounts to 
ftom 18 to 22 per cent, on the pig iron. In South Wales it sometimes amounts to 
from 26 to 28*5 per cent., though it is sometimes less than 13 per cent. Formerly the 
waste amounted in some cases to from 34 to 36 percent (Truran, op.cit . p. 216). The 
introduction of iron bottoms for puddling furnaces, in place of sand, has contributed 
Vgriy to reduce the waste of iron duo to the formation of slag, and the use of 
materials containing ferrous or ferric oxides, as admixtures in the puddling or boiling 
operation, in all probability tends to compensate the waste that would result from 
Voi. IIL A A 
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athtoepheric oxidation, inasmuch as the oxidation effected by these admixtures would 
be accompanied by an equivalent elimination of metal from them. 

The greater part of this waste of iron takes place in the refining, amounting on the 
average to about 10 per cent on the pig iron. In puddling refined metal, the waste is 
not more than from 4 to 7 per cent In the mill-furnace the waste is much less, varying, 
according to the number of reheatings, and the size to which the iron is rolled, from 
8*5 to 10 per cent The consumption of iron in any stage of the manufacture, requisite 
to produce a ton of iron in a subsequent stage, is technically called the “ yield,” by a 
somewhat singular inversion of the meaning of the term. # 

The consumption of fuel in the various stages of the conversion of pig iron into 
malleable iron, varies accordingto the skill of the workmen, as well as the land of fuel 
and iron used. In refining, from 6$ to 8 cwt. of coke per ton of metal made, is used 
when the pig iron has to be melted, and from 4 to 5 cwt. when the melted metal is run 
in from the blast furnace direct. 

In “ pig-boiling,” the consumption of coal vanes from 18 to 22 cwt. per ton of bar 
iron made, according as the coal is more or less bituminous and capable of burning 
with flame. . . 

In puddling refined metal, the consumption is about 10 to 14 cwt. of bituminous 
coal, and from 17 to 18 cwt. of anthracitic coal per ton of iron made. 

In heating the piles, the consumption of fuel is from 7 cwt. to 13 cwt. per ton of 
merchant bars, according as they are larger or smaller. 

In connection with the consumption of fuel in the conversion of pig iron into malleable 
iron, it will be interesting to consider what amount of the heat, capable of being gene- 
rated by the coal consumed, is really effective ; how much of it is really used in heating 
the iron. 

The temperature to which the iron requires to be heated in the puddling furnace 
may be taken as expressed by 1660° C.; and, assuming that the specific heat of cast 
iron increases above 350° C. in the same ratio that it does up to that temperature, it 
would, in that case, be about 0 26 at 1650° C. ; accordingly, the quantity of heat 
requisite to raise iron from 15° G. to that temperature would be: 
heat units. 

424-84 = 1650 - 15 x 0-26. 

A further quantity of heat would be consumed in melting the iron, and though the 
latent heat of iron has not been determined, it may be assumed as equal to 30 heat 
units. Thus the total heat requisite to heat cast iron up to 1650° C. and to melt it 
would be : 

heat units. 

. 454*84 « 424-84 + 30. 

and the quantity of heat requisite for one ton of iron would be : 
heat units. 

1,018,841-6 « 2240 x 454*84. 

Taking the average calorific power of coal, expressed in heat units, to be 7,778, it 
appears from the foregoing calculation, that the quantity of heat actually communicated 
to the iron amounts to less than that capable of being generated by 131 pounds of 
coal. Thus : 

Quantity of heat required 
Quantity of heat to heat l ton of iron from 

Coal, Calorific power, generated, 15° to 1 650°C. and to melt It, 

lb*. heat units. neat units. heat units. 

.131 X 7,778 - 1,018,918 1,018,841*6. 

Then, taking the quantity of coal consumed in puddliip as being equal in weight 
to the pig iron worked, it. appears that only 133 pounds o*pf every ton of coal burnt 
in the puddling fUrnace is really effective in heating the Qjgp, or not more than one- 
sixteenth part But though the quantity of heat actually- communicated to the iron 
hears only this small proportion to the whole quantity generated by the combustion of 
the fuel used, it must he remembered that, under existing circumstances, this large con- 
sumption of fuel is unavoidable, since it is indispensable that, during the whole of the 
operation, the temperature should be maintained sufficiently high to keep the iron 
melted. For this purpose the rate of combustion must be high, and the intensely 
heated products of combustion must pass rapidly through the working chamber of the 
frimace. It has been estimated that in the ordinary puddling furnace, when the con- 
sumption of coal is at the rate of 240 pounds per hour, the volume of heated g as 
passing through the working chamber amounts to upwards of 72 cubic feet per second, 
or sufficient to fill the working chamber twice in a second, and that this is neoessary 
in order to counteract the influence of conduction and radiation in reducing the tem- 
perature. (See Prideaux, Elementary treatise on Fuel, particularly with reference t* 
Reverberatory Furnaces.) 
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It Is in consequence of tbe extremely high temperature required to be maintained in 
paddling and mill furnaces, that only so small a fraction of the heat generated by com- 
bustion of tbe fuel consumed, is really effective in heating the iron (Fust, ii. 729), 
inasmuch as it is only the heat corresponding to the difference existing at any moment 
between the temperature of the iron, and the higher temperature of the atmosphere in 
the working chamber of the furnace, that is available for maintaining or raising the tem- 
perature of the iron. So long therefore as the temperature of iron in a puddling furnace 
requires to be 1650° C., the gas passing into the chimney must be at a temperature not 
less than that* and the whole of the heat corresponding to the quantity of gas discharged 
at that temperature into the chimney, will be without any other useful effect. A variety 
of arrangements have been contrived for turning this waste heat to account in raising 
steam for driving the machinery of iron works ; and by far the most simple and con- 
venient plan consists in doing away with the separate chimney to each furnace, and 
conducting the heated gas escaping from the working chamber of several puddling 
furnaces, into a spacious underground culvert, extending some distance away from the 
furnaces, and communicating with flues passing through and round a large Cornish 
boiler, along which the gas passes, and, after communicating its heat to the water, is* 
then discharged into a lofty chimney capable of producing a draught sufficient for all 
the furnaces connected with it. 

A great number of attempts have been made to introduce other improvements in 
the method of producing malleable iron by puddling ; such, for instance, as the use of 
a blast of hot air, or of steam, or a mixed blast of uir and Bteam, rotary puddling 
furnaces, &C., but excepting the admixture with the pig iron of materials containing 
ferruginous oxides, and the use of iron hearth-bottoms in the puddling furnace, none or 
these projects appear to have either any such scientific basis as to appear promising, 
or to have been attended with sufficient success to demand consideration. 

The case is different as regards the application of gaseous fuel in the refinery, 
puddling furnace, and mill furnace. The gas used for this purpose is either the com- 
bustible gas evolved from the throat of the blast furnaces in which pig iron is made, or 
it is made specially from small coal and other inferior kinds of fuel, by burning them in 
such a manner that the carbonic acid generated by the combustion of one portion, is 
made to pass through a mass of incandescent fuel, so as to l>o converted into carbonic 
oxide, which, together with the hydrocarbon vapours driven off from the fuel, passes 
into the furnace to be heated, and is there burnt, much in the same manner as coal gas 
is burnt in a Bunsen’s burner (See Bischof : Die indirecte alter hbchste Nutzung der rohen 
Brennmatcrialen, 1848; also Scheorcr, Metallurgies i. 339). This method of using 
fuel has long been practised in Germany, and is now being introduced at some of the 
iron works in this country, where it is to be hoped it will eventually not only admit of 
cnal being used in iron working, without those disadvantagea arising from the presence 
of sulphur and other impurities, when it is in contact with the metal ; but that it may 
likewise become an important means of economising fuel, and especially of turning to 
good account the vast quantities of small coal that have hitherto been almost entirely 
wasted. For descriptions of gas generators, and gas refining, puddling, &c., see the 
works above quoted, and Percy, Metallurgy , ii. 696, 674, 716; Ure's Dictionary oj 
Arts, Manufactures , §c. ii. 673. 

4. Atmospheric process . — Under this designation, an entirely new method of 
producing malleable iron from pig iron, has been proposed within the last few yean* as 
a substitute for tho operation of puddling. It consists in submitting melted pig iron 
to the action of a current of air forced through it until it is sufficiently d (‘carburised. 
The heat generated during this process, by the combustion of the carbon and silicon^ and 
some portion of the iron, is sufficient to heat the metal above the melting point of 
malleable iron, so that, when the operation is ended, the decarburisod iron is obtained 
in a liquid condition, and may be run into ingots, which are afterwards to be forged into 
bars. (Bessemer, specifications, 1865, Nos, 2321, 2768 ; 1856, Nos. 366, 630.) 

The main principle of this method is to effect tho conversion of pig iron into 
malleable iron, wholly by the direct influenco of atmospheric oxygen, and independently 
of that reaction between the pig iron and the ferruginous or manganese oxides, or 
materials containing them, which takes place in the operation of puddling or boiling, 
and which, according to all experience, and to such scientific data as there are for 
forming an opinion, is so important a condition of the separation of sulphur and phos- 
phorus from pig iron. The result of the trial of this new method of producing 
malleable iron affords a still farther confirmation of the important influence of the 
reaction referred to as taking place in puddling. By the new method pig iron may be 
wholly decarburisod, and the silicon it contains may be entirely eliminated with ease ; 
but the case is very different as regards the sulphur ana phosphorus: tor these 
substances, which are so detrimental to malleable iron, far from being separated from 
the pig iron subjected to this new mode of treatment* are either wholly unacted upon, 

A A 2 
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or so little affected, that, relatively, they are augmented, the amount of phosphorus in 
the decarburised iron obtained by this method, being greater than it was in the pig 
iron operated upon, while the amount of sulphur is but little reduced, as will be seen by 
the following analyses : 


Analyst . 

Pig iron, per cent. 

Bessemer iron, per cent. 

Tookey. 

Carbon .... 

3309 

0*218 

Silicon .... 

0*695 


Sulphur .... 

0*485 

0*402 

Phosphorus .... 

1012 

1*102 


At the present time no means of obviating this defect are known ; consequently, the 
application of this method is confined to the working of such kinds of pig iron as are 
practically free from sulphur and phosphorus ; and hence, as regards the greater part 
of the malleable iron manufactured in this country, there is no possibility of the 
adoption of this method, although it admits of the decarburation of pig iron with much 
greater ease, and much more rapidly than the operation of puddling. In Sweden, on 
the contrary, where the pig iron produced is far less contaminated with sulphur and 
phosphorus than most of that made in this country, the new method is being worked 
with great advantage. In England, it is also being applied in working some of the 
better and moro costly kinds of pig iron, but chiefly for the purposo of producing a 
kind of steel which boars a higher price than ordinary malleable iron. For this reason 
the further consideration of this method will be included in the article on Stefx. 

5. Iron smelting. — In the extraction of iron from such of its ores as are suitable for 
metallurgic purposes, and as it is now chiefly practised in iron-producing countries, the 
metal is always obtained in the carburetted state, commonly known as cast iron, pig 
iron, or crude iron. The processes comprised in the smelting of iron are : — 

1. The separation of water, carbonic acid, sulphur, and other volatilisablo substances 
from the ore by the action of heat. 

2. The reduction of the iron from the state of oxide, as it exists in the ore, to the 
metallic state, by the action of carbonic oxide. 

3. The separation of the earthy substances, commonly present in iron ores, from the 
reduced metal, in consequence of the formation, at a high temperature, of fusible 
compounds of those substances ; and 

4. The carburation and melting of the reduced metal. 

In smelting the richer kinds of iron ore, calcination or roasting (Rostung ; 
grillage ) is not always requisite for the removal of volatilisable substances ; but with 
the majority of the iron ores used in that operation, it is very desirable that they 
should undergo this preparatory treatment, as will be seen by reference to the analyses 
of iron ores; and in all cases calcination is advantageous, inasmuch as it has the effect 
of rendering the ore more porous, and consequently moro susceptible of being re- 
duced. 

The calcination of iron ores is effected by heating them to dull redness in contact 
with air, cither in heaps, with layers of coal at the bottom and alternating with layers 
of the ore ; or in kilns built of brick or masonry, from which the roasted ore can be 
drawn out at the bottom. The careful regulation of the heat applied is the most 
important requisite in the calcination of iron ores, and it should be only just sufficient 
to expel the volatilisable substances, without effecting, in thp case of carbonaceous ores, 
the reduction of iron to the metallic state, or, in the case ofajjiceous ores, the formation 
of ferrous silicate and fusion of any portion of the odEpteo as to render it more 
compact. 

The changes effected by calcination consist chiefly in the separation of water, car- 
bonic acid, and bituminous substance when the ores are carbonaceous. In this case there 
maybe a partial deoxidation of the ore, attended with formation of ferrous or magnetic 
oxide; but more generally the calcination of iron ores has the effect of producing ferric 
oxide to a greater or less extent, if the iron is not already in that state. 

The sulphur in iron ores, generally present in the state of pyrites, is also to a great 
extent separated from them by calcination, in consequence of the decomposition of the 
pyrites ; one half of the sulphur being volatilised, while the residual iron sulphide is 
converted by oxidation into sulphate, which may be decomposed if the heat is suffi- 
ciently great. The entire separation of sulphur from iron ores in this way is seldom 
practicable. 

An alteration of some kinds of iron ore similar to that resulting from calcination, 
especially as regards separation of sulphur, is effected by exposing them for a time to 
the atmosphere. In this process of tocathcring ( Vcrwitterung ), pyritic minerals are 
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oxidised and converted into sulphates, which may be washed out to some atent bv 
min, and this change, together with the peroxidation of the ore that takes nl««» in 
some cases by contact with atmospheric air, has the effect of disintegrating the ore and 
rendering it more porous. ® 

Sometimes the separation of the volatilisable constituents of iron ores, instead of 
being effected by a preliminary operation, takes place in the blast furnace, and is then 
the first stage of the process of smelting, the heat requisite for the purpose being derived 
from the current of gas ascending through the charge. It is probable that in some 
cases this plan may be attended with economy of fuel, and that if the height of the 
shaft could be increased, so that the upper part would serve as a substitute for the 
calcining kiln, the temperature of the gas discharged from the throat might be reduced 
to a minimum, and the whole of the heat generated in the furnace thus rendered effec- 
tive. But there is a practical limit to the adoption of this plan, consisting in the 
friable character of some kinds of fuel and ore, and their liability to become crushed 
by the weight of a high column of materials in the shaft. In the Cleveland district, 
where the ore is used in large masses, and the fuel used is a very hard coke, fUrnaces 
have been built with this object 75 feet high, and the temperature of the gas has boon 
reduced on the average to about 258° C. instead of 381° C. (I. L. Bell, Industrial 
Resources of the Tyne, Wear, and lees, p. 107). But this saving is only partial, and 
since the calcination of ores in the blast furnace is attended with disadvantages as 
regards other modes of applying the waste heat of the gas discharged from blast fur- 
naces (see p. 354), it yet remains to bo seen whether that plan can be adopted so as to 
realise the greatest possible degree of economy in fuel. 

The smelting of iron ores is conducted in a furnace consisting essentially of two 
purts, viz., the hearth, which is a circular chamber, built of stone and lined with fire-, 
brick, where tho*conibustion of the fuel and the melting of tho reduced ore and flux 
take place, and the shaft, which is a wider cylindrical chamber, built above tho hearth, 
and continuous with it, where the charge of ore, flux, and fuel continuously supplied at 
the lop, is subjected to tho action of tho heated gas resulting from combustion, before 
reaching tho hearth. The precise form and dimensions of this furnace, which is termed 
a hhisi, furnace {Hohofen ; haut fourneau) vary considerably (seo Truran, op. cit. pp. 
22, 12 1, ct scq. ; Percy Metallurgy, ii. 350, 475, and 559). One of the most approved 
ionns is represented by fief. 586. In this case, tho distinction between tho hearth, 
a a, mid tho shaft, bb IT, is less marked than it is in some furnaces where tho hearth is 
net more than two or three feet wide, with its sides vertical and terminating in a 
decided angle at the junction with tho lower part of tho shaft., b b\ termed tho boshes 

(Hast: rt.nl nn*\ — 


(Hast; Halage), which in the older 
form of furnaces, was more inclined 
than in the figure, while the shaft 
(*S chacht ; cuve ), b’ IT, was much 
more eonical, and formed a de- 
cided angle at its junction with 
the upper part of the boshes, or 
widest part of the furnace, termed 
the belly (KoMcnsack; ventre'), so 
that the intorior sectional contour 
corresponded to the dotted outline 
shown in the figure. In the furnaces 
of this form, the upper portion of tho 
hearth is termed on the Continent 
the (f retell ; ouvrage, and the lower 
portion, where the melted materials 
collect, the Crucible{Heerd ; creusct). 

. ^ one of the hearth, there 
»s an opening formed by an arch, t, 
called the tymp ( Tiimpel ; tympe), 
n . this arch the hearth is 

prolonged outwards somewhat be- 

J01 !u t v e plane of the tymp, for 
as the block of stone d, called the 

dame), over which 
ne melted slag flows away to the 
cinder fall/' s, through a depres- 
*0*1/ cinder notch 

[^^ntrift), in the upper 
ee of the dam. Through the 
bottom of one side of the dam. 


Fig. 586. 
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there i« a chan riel, called the tapping hole ( Stichlvch ; trou de cjulfo) communicating 
with the hearth! to admit of the melted metal collected at the bottom of the hearth 
being run out at intervals. This channel is stopped up with day or sand, while 
the metal and slag are accumulating in the hearth. That side of the fhrnace to- 
wards which the hearth is prolonged, is called the front (Arbeitsseite ; jpartie an- 
terieure ), while the opposite side is called the back {Riickscite ; partie postSrieurc). 
At this side there is an arched opening, a, called the tuyere hole ( Form') and 
there is generally a similar opening at each of the other sides. Opposite each of 
these openings an arch is turned in the outer brickwork of the furnace to admit of 
access to the tuyere holes. The upper extremity of the shaft is called the throat 
( Gicht ; guelard), and is generally surmounted by a low wall or chimney, called the 
tunnel head , with openings at the side for introducing the materials into the furnace. 

Air is supplied to the furnace through a series of pipes connected with a blowing 
engine, each pipe terminating with a conical tube called a tuyere (Duse ; tuyhre ), 
surrounded with a hollow conical sheath, through which passes a stream of water to 
prevent the melting of the tuyeres, extending through each of the tuyere holes as far as 
the interior surface of the hearth. 

In the Working of a blast furnace, the shaft is kept nearly filled with the solid 
materials used; these are introduced at intervals into the upper end, and gradually 
sink down as the smelting progresses. Meanwhile a continuous supply of air is forced 
into the lower end of the furnace through the tuyeres, under a pressure of from \ to 
2 lbs. per square inch in charcoal furnaces ; and from 2 to 5 lbs. per square inch in 
furnaces worked with coal or coke, and in quantity proportionate to the size of the 
furnace and its rate of working, so as to maintain a rapid combustion of the fuel at 
that part of the furnace immediately above the level of the tuyeres. (See Truran, 
op. cit., p. 115.) 

The reduction of the ferruginous oxides in the ore is effected by the reaction taking 
place at a high temperature between these oxides and carbonic oxide, produced by 
the combination of carbonic acid, resulting from combustion of the fuel, with a further 
quantity of carbon equal to that it contains; and, since ferric oxide contains 30 por cent, 
of oxygen, the carbon and air requisite in these reactions for the reduction of a quan- 
tity of ferric oxide containing 1 pt. of iron will amount to : 

Part* tiy weight Patts by weight of 
of carbon requi- oxygen requisite to 
site in the state of form carbonic acid 

Iren. Ferric oxide. carbonic oxide. with half the rarbon. Air. 

1 - 1*429 = 0-3214 = 0-4285 - 1-863 

or somewhat about 8 cwt. of coal, containing 80 per cent carbon, and 1 ton 17 cwt. 
29 lbs. of air, or 54,443 cubic feet, per ton of iron made. 

The reduction of the ferruginous oxide in the ore is not alone sufficient for the pro- 
duction of the metal in an available condition : for it is but seldom that iron ores do 
not contain a considerable admixture of earthy substances which require to be sepa- 
rated. They generally consist chiefly of silica, clay, or carbonate of lime, as will be 
seen by reference to the tabulated .analyses of iron ores. These substances being 
intimately mixed with the ferruginous oxide, and consequently with the reduced metal, 
it is necessary that they should bo melted as well as the metal itself, in order that 
they may separate according to their different densities in the liquid state. Any one 
of these substances alone is infusible at the temperature commonly produced in iron 
smelting, and they can be separated only by being converted into sufficiently fusible 
compounds. The double silicates containing two or more bases, are substances whose 
fusibility corresponds to the requirements of this case, and it is by the formation of 
such a vitreous silicate, termed slag (Schlackc; fazta?r%j?apablc of being readily 
melted, that the separation of the earthy admixtures in irdEires is effected. 

It is but rarely that these admixtures are of such a nature, and present in such 
relative proportions, as to produce, under the influence of heat, a silicate that would 
be suitable for the purposes of iron smelting. Hence it is necessary to mix with the 
ore some substance that will effect this result. The nature and proportion of this 
flux ( Zuschlag ; castim) will of course depend upon the composition of the ore to be 
smelted, and must be regulated in accordance with the general principles relating to 
the production of slags. (See METALLunaY.) 

In smelting iron ores in which the earthy admixture is chiefly calcareous, clay or 
some Biliceous material, such as forge cinder or the roasted slag from puddling fur- 
naces, is added as a flux, or the ore may be mixed, in suitable proportions, with ores 
containing silica or clay. In the more freqnent case of ores containing clay, or silica 
•in some forth, the material used as a flux is limestone or quicklime, in order to effect 
the formation of a double silicate containing alumina and lime as its basic constituents. 

The fusibility of the double lime and alumina silicates varies according to the pro- 
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portion existing between the silica and the bases, as well as that between the two 
Ibises. The most fusible of them are those in which the oxygen of both bases amounts 
to two-thirds of that in the silica, and the oxygen of the lime equals that in the 
alumina. 

In smelting iron ores with charcoal, the temperature of the far n ace is generally 
lower than when they are smelted with coke or *coal, and on that account . the slag 
requires to be more fusible than in the latter case. In smelting iron ores with coke 
or coal, especially when hot blast is used, the temperature is so much higher than in 
furnaces worked with charcoal — not only where fusion takes place, but also at the 
upper part of the furnace — that the slag requires to be rendered less fusible bv increas- 
ingtheproportion of lime to such an extent, in relation to the silica and alumina in 
the ore, that fusion may not take place before the reduction of the ore has been com- 
pletely effected, and that the fragments of the charge may not become agglutinated, 
but remain loose and porous while passing through that portion of the shaft where 
reduction takes place, and consequently more capable of being permeated by the 
reducing gas. 

In the smelting of siliceous ores there is a further necessity for the addition of lime, 
even more important than that connected with the production of a suitably fusible 
slag. This arises from the circumstance that the double silicate, containing aluminA 
and ferrous oxide as its basic constituents, is very fusible, and from the consequent 
tendency to the formation of this compound, the result of which would be that a con- 
siderable amount of the iron would escape reduction to the metallic state, and pass off 
in the slag, thus giving rise to considerable loss of iron, besides other serious incon- 
veniences. This combination of ferrous oxide with the aluminous silicate in the ore 
does not take place in the presence of a sufficient amount of lime, and in order to 
prevent it as much as possible, the quantity of lime added to the ore is generally 
such as to form a slag in which the oxygen of the bases is equal to that in the silica. 


Analyses of Slags from Blast Furnaces. 


Locality . 

Qj 

1 


■nr 

■y 


Slegen. 

Olsborg, 

West- 

phalia. 

Ore used . 

- 

Bog Iron 
ore. 





Red and 
brown 
Iron ore. 

Fuel used . 

Charcoal. 

Kind of iron made 




Mottled 

P*g- 


Specular Iron. 
Hot blast. 

Analyst . 

Ullgren. 

Karilen. 

RammeU* 

berg. 

Ferrous oxide . 
Manganous oxide 
Alumina . 

Lime 

Magnesia . 

Potash 

Soda . 

Silica 

Phosphoric acid 
Sulphur . 

0 - 9 5 

1 - 86 
4-30 

38-64 

7-40 

0*30 

1-38 

46-37 

traces 

003 

1-46 

1-40 

6-26 

1971 

0-70 

7012 

0-37 

0-2 

11-6 

6-7 

269 

641 

0*6 

4-30 

12-60 

42*85 

39-60 

0-66 


21-6 

29-2 

21 

* 8-6 

378 

080 

000 
33-96 
6 63 

10-22 

48*39 

1-27 

3 16 
6-71 
27'60 
701 

66*26 


100*00 

100*00 

100-00 

10000 

97-71 


99-29 

mm 

Ratio of oxygen in} 
bases to oxygen in l 
silica . . . 

0*697 

0-267 

0-480 

0-917 

0-612 

0*547 

0-572 

0386 

Ratio of oxygen in} 
bases to oxygen in \ 
alumina . .] 

7*301 

2180 

3-293 

2 - 00 

1-400 

15-000 

3-730 

3037 

Percentage of iron . 

0*740 

1130 

0*160 

1 • • 

1-900 


• • 

0-990 
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Analyses of Slags from Blast Furnaces — continued. 


Locality . 

Ore used . 

Fuel used . 

Kind of iron made 

1 Analyst . 

Magdesprung, Harts » 

EUp- 

ners, 

Stjrria. 

Sweden. 

Gesberg. 

Eds- | 
bra. 

Spathic, red, and brown iron ore. 

Magnetic iron ore. 

Charcoal. 

Hot blast. 





Rammelsberg. 

Bromeis 

Wehrle. 

Oengren 

Sjtfgeen. 

Follin. 

Ferrous oxide . 


4-03 

0*44 

3*25 

5*83 

1*4 

1*68 

3*29 

1*0 

Manganous oxido 


25*04 

24*85 

24*53 

22*18 

28*6 

2*81 

2*63- 

4*1 

Alumina . 


5-88 

4*96 

11*27 

5*12 

2*6 

6*62 

5*38 

5*1 

Limo 


20*56 

26*66 

21*55 

20*00 

10*4 

19*35 

19*81 

18*0 

Magnesia . 


2*41 

1*10 

0*82 

2*18 

1*3 

10*46 

7*12 

13*3 

Silica 


39*99 

41*49 

38*58 

43*58 

64*6 

68*60 

61*06 

581 

Sulphur 


• • 

• * 

• • 

CaSl’ll 

1*1 






97*91 

99*50 

100*00 

100*00 

100*0 

99*52 

99*29 

99*6 

Ratio of oxygen in' 










bases to oxygen in 


0*752 

• • 

* . 

* • 

0*458 

• • 

. • 

0*451 

SlllCilf « , J 

Ratio of oxygen in' 










bases to oxygen in 


0*481 


. 


8*961 


9 , 

4*825 

alumina 










Percentage of iron 


3*130 

0*340 

2*420 

4*560 

1*090 

1*310 

2*460 

0*780 


AMdy&es of Slags from Blast Furnaces — continued. 








Provl- 



Works 


Dowlais. 


Dudley. 

Rus- 

sell’s 

Hall. 

dcnce, 
Charle- 
roi, Bel. 

Rus- 

sell’s 

Hall. 

Cwm, 

Celyn. 






gium. 


Ore used 

Clay iron ores of the coal measures. [ 

Fuel used 




coke. 

coke. 




Kind of iron made . 

white forge pig. 

grey pig. 

hot blast. | 

white pig 

Analyst 

Riley. 

Percy. 

Forbes. 

Percy. 

Dick. 

I^oad. 

Ferrous oxide . 

308 

6*91 

0*76 

1*27 

0*93 

4*94 

1*00 

19*80 

Manganous oxido 

1*02 

1*67 

1*62 

0*40 

2*79 

2*26 

220 

1*63 

Alumina . 

11*65 

16*51 

15*13 

14*11 

13*01 

13*05 

12*91 

20*20 

Lime 

32 09 

23*81 

32 82 

35*70 

31*43 

32*53 

29*92 

10*19 

Magnesia . 

3*78 

4*38 

7*44 

7*61 

7*27 

1*06 

4*79 

2*90 

Potash 

1*53 

1*98 

1*92 

1*85 

2*60 

2*69 

0*87 

1*10 

Silica 

45*23 

44*88 

38*48 

38*05 

3791 

*42*06 

47*08 

42 96 

Phosphoric acid . 


0*43 

0*15 

. 

. i 

0*19 

0*05 


Calcium » . 

Sulphur 

104 

0*83 

0*59 

0*47 

1*23 

0*99 

| 0*82 

»*f 

1*03 

1*78 

1*32 


100*1 5 

100*63 

100*54 

99*81 

99*56 

99*81 

100*60 

100*00 

Ratio of oxygen ini 









bases to oxygen [■ 
in silica . . J 

0*716 

0*691 

0*99 

101 

0*953 

0*81 

0*691 

0*822 

Ratio of oxygen inj 









bases to oxygen L 
in alumina . j 

2*18 

1*45 

1*85. 

2*09 

2 15 

1*88 

1*87 

0*929 

Percentage of iron 

2*39 

6*37 

0*60 

0*99 

0*62 

3*84 

0*80 

16*40 


The churacters that are generally considered to be indicative of the formation of a 
suitable slag, consist in its being sufficiently liquid to separate perfectly from the 
metal, though 'as it flows from the furnace it is generally somewhat viscous. When 
sol. lifted, it should not be vesicular, but compact and Homogenous, without being 
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either Toy vitreous or stony. The colour of slag from blast furnaces varies very 
much, but does not afford much indication of its character. When charcoal is used as 
fuel, the slag is lighter coloured than that from furnaces in xrhich coal or coke is used. 

The published analyses of blast furnace slags are very numerous; but comparatively 
few have any real value, from the absence, in most instances, of any statements as to 
the conditions under which the slags were produced. For the elucidation of the pro- 
cesses that take place in the smelting of iron ores, so far as the formation of slag is 
concerned, it is essential that the analyses of slags should not only be numerous/but 
that they should also be accompanied by descriptions of the kind of iron made, and 
the working condition of the furnace, as well as of the kind of ore, fluxes, and fuel em- 
ployed. The analyses on pp. 359 and 360 will serve to illustrate the general character 
of the slag produced in iron smelting. 

In some kinds of iron ore, the relation existing between the silica and alumina is 
very different from that generally obtaining in the clay iron ores of the coal measures, as 
will be seen from the following table and by reference to the analyses of ores. 



Low Moor. 

Brierly. 

Stanton. 

Butterley. 

Farkgate. 

Cleveland. 

Alumina . 

23 

24 

20 

26 

24 

25 

Lime 

9 

9 

13 . 

11 

13 

27 

Magnesia . 

8 

7 

17 

9 

19 

14 

Silica 

60 

60 


54 

44 

34 


100 

100 

100 

100 

100 

100 


In consequence of this difference, and the greater proportion of alumina in tho ores 
of tlm Cleveland district, the slags produced in smelting them are much more stony 
and less vitreous than those produced in smelting other ores. An increased addition 
of lime would not remove this difference, which is due to the deficiency of silica in 
proportion to the alumina present, and is probably accompanied by a less degree of 
fusibility of the slags. This circumstance will perhaps serve to account for the appa- 
rent necessity of a very high temperature in the smelting of these ores, and for tho 
failure of the attempts that have been made to smelt them with cold blast. (I. L. Bell, 
loc. cit. p. 95.) 

Analyses of Slays from Cleveland Ores. 


Name of works 

Clarence, Middlosbro’. 

Ore used . 





Flue dust 

Clay iron ore smelted with coke and hot blast. 

from blast 






furnace gas. 

Analyst . 

Crowder. 

Clarence Laboratory. 

Ferric oxide .... 
Ferrous oxide . 

0-72 

*3-64 

0-61 

0-32 

8*20 

Manganous oxide 

Ainc oxide , 

0-35 

102 

trace 

0-80 

4-60 

Alumina . 

2469 

20-72 

22-28 

21-70 

■SI 

Lime . 

40-00 

36-88 

40-45 

38-72 

12*15 

Magnesia . 

3'55 

4-25 

7'21 

6T0 

0-67 

Potash 

046 

0-50 



0*40 

Soda ...... 

0-99 




6-86 

Silica 

27'65 

30-40 

27-80 

29-92 

34-82 

Phosphorus .... 

0-26 


007 


Sulphur ..... 

1-95 

1-34 

2-00 

1 61 

8-80 

Chlorine . 





1-66 

Water 

• • 


* • 


5-60 


100-62 

98-75 

100-35 

99-24 

99-55 

Patio of oxygen in bases to oxy- 
gen in silica .... 

1-675 

2*042 

1-687 

1-600 


Ratio of oxygen in bases to oxy- 
gen in alumina . 

1127 

. 

2-394 

1-392 

1-346 


Percentage of Iron • 

0*560 

2-830 

0-470 

0*250 
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Iron. 

The preceding analyses of slags from furnaces in which the Cleveland ores are worked, 
win illustrate the difference between them and the slags produced in other districts. 

* The precise mode in which the carburation of iron takes place in the blast frrnace 
Is not known. From the fact that iron becomes earburated when heated in contact 
with hydrocarbon gases, or even with carbonic oxide, and since these conditions obtain 
in the blast furnace, it is highly probable that carburation may take place before the 
reduced iron reaches that part where there is a temperature high enough for fusion. 

The state in which the carbon exists in the iron obtained from the blast furnace 
appears to depend very materially upon the temperature at which fusion takes place. 
The lower the temperature, the greater is the proportion of the carbon combined with 
the iron, and any circumstance which tends to induce fusion at a low temperature is 
almost invariably attended with the production of white iron. This is the case when 
charcoal is used as ftiel, when the ore is readily fusible, and also when it is highly 
refractory and has not a suitable admixture of flux to determine ftision. When a 
furnace is worked with a large amount of ore in proportion to the fuel, or, as it is 
termed, with a “ heavy burden/' and when sulphur is present to any large extent, there 
is from the same reason a tendency to the production of white iron. 

The production of grey iron containing carbon in the graphitic condition appears to 
require a temperature far beyond that of mere fusion, and it is probable, on that 
account, the introduction of carbon in this form may be due to action more of a physical 
than chemical nature, and consist in solution of the carbon by the melted metal rather 
than actual combination. When sulphur is present in any of the materials used in 
smelting iron, it is necessary to employ a very high temperature in order to obtain 
grey iron, because the melting point of iron is considerably lower when it contains 
sulphur. 

Besides the reduction of the ferruginous oxide in the ore and the separation of 
its earthy constituents by the formation of a suitable silicate, it is'necessaiy to 
maintain a very high temperature at the lower part of the furnace for the fusion of 
these products. This is effected by the rapid combustion of fuel under the influence 
of a blast of air forced in through the tuyeres. 

The kind of fuel employed in smelting iron ores has a great influence both on tho 
quality of the iron produced and on the mode of working. With bulky porous fuel, 
such as charcoal, combustion takes place more readily than with the more compact and 
denser kinds of mineral fuel, and from the greater liability of charcoal to crumble under 
pressure, tho furnaces in which it is used are generally much smaller than those worked 
with coal or coke. But the main difference betwcon these two kinds of fuel, as regards the 
smelting of iron, consists in tho relative freedom of charcoal from oarthy substances, 
and its entire freedom from Bulphur and phosphorus, which are so prejudicial to the 
quality of iron. Hence the greater purity of the iron smelted with charcoal, provided 
the ore used be free from deleterious admixtures. 

The consumption of fuel requisite in smelting iron for the production of a 
Sufficiently high temperature of fusion, far exceeds the amount requisite for the reduc- 
tion and carburation of the metal, which, as already pointed out, is less than half the 
weight of the iron produced, whereas that consumed for melting may amount to from 
one to two or three tons per ton of pig iron made. 

The consumption of fuel in iron smelting is one of the most important points with 
regard to the economical production of the metal, and it is exceedingly desirable to 
reduce it to the lowest possible limit. The amount of fuel consumed per ton of pig 
iron made varies considerably, not only according to the kind of fuel, its calorific power, 
combustibility, texture, etc., but also according to numerous other circumstances. 
Among these the shape of the furnace has an influence, igpso far as it admits of the 
pasy and uniform descent of the charge in the shaft, and lesfrfael is consumed in making 
white iron than in making grey or foundry iron ; but probai®tthe most important differ- 
ence in the consumption of fuel is that resulting from the use of air at the ordinary 
atmospheric temperature, or air previously heated to a temperature considerably higher. 

In charcoal furnaces, the consumption per ton of pig iron made, is from half a ton to 
two tons and upwards, according as hot or cold blast is used. In smelting with coal or 
coke, the consumption is from two to three tons and upwards with cold blast, and from 
23 cwt. to two tons with hot blast. 

The fuel is introduced into the furnace at intervals alternately with the mixture of 
ore and flux, and in uniform proportions, termed the charge {Besckickung ; lit de 
fusion), and the relative proportion of fuel or of ore is termed in either case the 
11 yield ; ” sometimes also in the case of the ore it is termed the “ burden.” _ 

The total weight of the charge per ton of pig iron made, will vary, according to the 
kind of ore, flux, and fuel used, from four to five or seven tons and upwards, vne n the 
materials are used in the raw state ; but by far the greater quantity of the material 
supplied to a blast fhraace in smelting iron, consists of tho air by which combustion is 
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supported : for taking carbonic oxide to be the ultimate though not the immediate 
product of the combustion, the quantity of air required would amount to at least flea 
times the weight of the fuel burnt, taking the combustible portion of the fViel to be 
equal to 85 per cent of carbon, and allowing for the carbon consumed in carbureting 
the iron. Consequently the total quantity of air supplied to blast fhrnaces will be as 
follows, according to the consumption of fuel given above : 



tons. cwt. 

ton*. 

tom. 


Fuel consumed . 

Quantity of air . 

Cubic feet at 60°F. . 

23 

5 15 

168,038 

2 

10 

292,240 

3 

15 

488,360 

| per ton of iron made. 


The greater part of this air is consumed in burning that portion of the fuel 
exclusively concerned in the production of a temperature high enough for effecting 
fusion ; and that part which is consumed in the combustion of the friel requisite for 
the reduction of the ore, does not amount to quite twice the weight of the iron made. 

The temperature of the gaseous products of combustion disehaigod from blast 
furnaces differs according to the kind of materials used and their condition, the height 
of the shaft, and the mode of working. In the case of charcoal furnaces, the gas has 
generally a temperature of from 300° to 400° C., while that from fumacos worked with 
eoko or coal, is from 650° to 1000° C., according to circumstances. The whole of the 
heat corresponding to the temperature of the gas discharged is waste heat, and 
although it lias served, at an earlier stage of the procoss, to produce the high temperature 
necessary for fusion of the metal and slag, it is still available for any purpose to which 
it can be applied. % 

The great extent to which the heat generated in the smelting of iron ores is thus 
dissipated, without producing the full useful effect of which it is capable, may be 
judged of from the fact that the weight of the gas discharged from a blast furnace is 
more than equal to the entire quantity of both air and fuel consumed, or from 
8 to 17 tons per ton of pig iron made. 

But besides the waste of heat due to the high temperature of the gas discharged, there 
is a further and more considerable loss of heat, due to the fact that it contains a large 
amount of carbonic oxide, together with some hydrocarbons and hydrogen, and is in all 
ordinary cases sufficiently combustible at the temperature at which it is discharged, to 
take fire on coming in contact with atmospheric air at the top of the furnace. This 
waste is proportionate to the extent to which carbonic oxide is produced. Taking the 
average consumption of fuel in iron smelting to be represented by a quantity of carbon 
equal to twice the weight of tho pig iron produced, if that portion only which is 
requisite for the reduction of ferric oxide bo ultimately discharged from the furnace in 
the state of carbonic acid, the quantity of fuel fully utilised in producing the entire 
heating effect of which it is capable, will be only about one-sixth part of tne whole. 

Quantity of heat generated 
by perfect combustion 
of carbon, 
pam by weight 
2 ; 0*3214 

Heat units . 16160 : 2596 6 225 : 1 


Then, since the calorific power of carbon burnt to carbonic oxide is only about one* 
third of its calorific power when burnt to carbonic acid, or as 

2473 : 8080 - 1 : 3-228, 

tho heating effect produced by the remaining fire-sixths of the fuel consumed, so 
far as regards its ultimate condition when . discharged from the frimace, will be less 
than one-third the effect it is capable of producing : 


Quantity of heat 
capable of being 
generated by com- 
bustion of 1*6786 car- 
bon to carbonic acid, 
beat unit*. 
13564 


Quantity of heat 
generated by com- 
bustion of 1*6786 car- 
bon to carbonic oxide, 
hent unit*. 
41511778 


1*6786 x 2473 


Difference. 

9418 


the difference representing the heating effect capable of being produced bv the carbonic 
oxide, and amounting to no less than 58*25 per cent, of the whole besting effect 
capable of being produced by the fuel consumed. 

-Bo far, therefore, as regards the condition in which the products of combustion are 
discharged from a blast furnace, the only portion of the ftiel consumed so as not to be 
further available as a source of beat, is that equivalent to the reduction of the iron in 
the ore, and, supposing the metal to be contained in the ore in the state of feme 
°xide, it would be only about one-third the weight of the iron made, or 16 per cent. 
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of the fuel consumed. The greater part of the heat corresponding to the remaining 
84 |>er cent, of fuel consumed, leaves the furnace in some form or other in the gas, as 
sensible heat, or as heat capable of being generated by combustion, and is still available 
for heating purposes. 

But, notwithstanding this large difference between the amount of fuel folly utilised 
and that which still remains available as a source of heat, aftor its combustion in the 
blast furnace, it must not be supposed that the large amount of fuel consumed in iron 
smelting, as compared with the amount which is fully utilised, does not, in the blast 
furnace, exercise its foil heating power. For though only a small portion of the whole 
heat generated is rendered latent by the fusion of the metal, &c., the whole of it is 
required for producing the temperature at which those changes take place ; that part 
which passes offin the gas does not indicate a useless consumption of fuel, and can only 
be regarded as waste heat, in so far as it is allowed to escape without being turned to 
such further advantage as it is still capable of. 

In the immediate neighbourhood of the tuyeres, the fuel is burnt, under the influ- 
ence of the blast, to carbonic acid, generating the foil amount of heat corresponding 
to its calorific power, and producing there the greatest increase of temperature it is 
capable of producing when burnt with atmospheric air. (See Funn, ii. 726.) 

It is at this part of the furnace that, while the fuel is being consumed, the reduced 
metal and the earthy substances mixed with it are rapidly melted, and, falling down 
into the hearth, make room for afresh quantity of the materials in the shaft of the furnace 
to sink down and undergo the same change, while the gaseous products ascend and 
communicate their heat to the materials in the higher part of the shaft. 

When the iron ore smelted contains carbonic acid or water, and has not been 
previously calcined, those substances will bo separated during the descent of the charge 
m the shaft, and will mix with the products of combustion. This will also be the case 
■with the carbonic acid of the limestone used as a flux, and if coal be used ns fuel, its 
volatilisable portion will likewise be expelled, and mix with the ascending gas. 

In proportion as the extent of this admixture is greater, the gas will have a lower 
heating power when burnt, and therefore it is desirable to reduce the amount of car- 
bonic acid and water-vapour in the blast furnace gas, by previous calcination of the 
ore and limestone, whenever the gas is to be used as fuel. 

As a consequence of the different physical conditions of the products resulting from 
the changes that take place in smelting iron ores, those products are continuously dis- 
charged from tho blast furnace in a manner exactly the reverse of that in which the 
raw materials are supplied to it ; the melted iron and slag flowing out at the bottom, 
while gas escapes from the top or throat of the furnace. 

In considering more minutely the conditions under which these products are formed, 
and the chemical nature of the changes from which they result, it will be convenient 
to follow the course of the air supplied to the furnace as it passes from the bottom to 
the top. 

The direct and perfect combustion of the fuel is, in all cases, confined within a com- 
paratively small portion of the furnace, and in furnaces worked with charcoal, it extends 
only to a short distance above the level of tho tuyeres. Beyond that portion of the 
furnace, heat is communicated to the materials in the tipper part of the furnace by the 
ascending heated gaseous products of combustion, consisting of a mixture of nitrogen 
and carbonic acid, the temperature of the gas being proportionally reduced thereby 
as it passes up to the mouth of the furnace. But since the materials in that part of 
the furnace. immediately above the region of combustion are at a high red heat,, the 
carbonic acid enters into combination with a further quantity^ of carbon, and is con- 
verted perhaps entirely into carbonic oxide, its volume being thereby doubled. This 
reaction being attended with a considerable absorption of ftat (see Funn, ii. 727), the 
temperature of that part of the furnace where it takes plM, though still very high, 
must be, on that account, much lower than it is within thej&gion of direct combustion 
near the tuyeres. 

The following analyses of gas, token from different heights in the shafts of blast 
furnaces, will serve in some degree to illustrate the nature of the changes resulting from 
the reaction taking place between the solid and gaseous materials -contained in the 
furnace^ and figs. 687 and 688 represent the shape of two of the furnaces from which 
the gases were taken. 

The formation of carbonic oxide is probably one of the most important features of 
this process : for there is every reason to consider that the reduction of the iron ore, 
as it descends towards the boshes of the fornace, is effected mainly, if not entirely, by 
this gas, aided perhaps in some cases, by hydrocarbon vapour or gas produced from, 
the foeljjgjf the action of heat. Previously to this, no alteration of the relative pro- 
portion existing by weigh t or volume, between nitrogen and oxygen in atmospharie 
air, would be effected either by the combustion of the fuel or by the subsequent 
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production of carbonic oxide. But by the reduction of the ore resulting from the reaction 
of carbonic oxide with ferrous or ferric oxides at a high temperature, carbonic acid is 

again produced, equal in volume to the 
Fig . 588. — J ----- 



carbonic oxide undergoing the change, and 
the effect of this transfer of oxygen from 
the solid to the gaseous contents of the 
furnace would be to produce a proportion- 
ate alteration of the ratios existing be- 
tween both the relative weights and vo- 
lumes of the nitrogen and oxygen. How- 
ever, the influence exercised by this change 
on the composition of the gas passing 
upwards through the furnace will be slight; 
for, since the consumption of fuel in smelt- 
ing iron ores so far exceeds the amount 
that would be chemically sufficient for 
the mere reduction of the ferric oxide, 
and since it is probable that the whole of 
the carbon consumed passes into the state 
of carbonic oxide at some part of the fur- 
nace not far above the level of the tuyeres, 
it follows that the extent to which car- 
bonic acid is produced by the reaction be- 
tween ferric oxide and carbonic oxide, must 
bo small compared with the total amount 
of carbonic oxide produced in the opera- 
tion ; and, in fact, taking the consump- 
tion of fuel to be at the rate of 2 pounds 
carbon to 1 pound of pig iron made, only 
one-sixth part of the carbonic oxide formed 
at the lower part of the furnace, would 
be converted into carbonic acid by the 
reduction of the iron in the ore from the 
state of ferric oxide, taking place at the 
upper part of the furnace. 

Most probably the reduction of ferric 
oxide by carbonic oxide takes place pro- 
gressively, and since the temperature re- 
quisite does not exceed that of dull ignition, it may extend over a considerable range 
in the descending column of materials, in proportion to the temperature prevailing 
li the upper part of the furnace. 

From the relation existing between the calorific power of iron and that of carbonic 
oxide (see Hbat, p, 105), it is probable that the reduction of ferric oxide by carbonic 
oxide, generates a certain amount of heat, since the quantity of heat generated by the 
combustion of iron is less than that generated by the combustion of the carbonic oxide 
requisite for its reduction from the state of ferric oxide. Thus : 

t Quantity of heat generated 
bywnbustlon of 0*7& lb. 
carbonic oxide, 
heat units. 

1802*25 


Norwegian 
Charcoal blast 
furnace. 



Alft-eton, 

Derbyshire. 


Quantity nf boat generated by com- 
bustion of 1 lb. iron to lerrlc oxide, 

h< at units. Difference. 

1582 . 220 


"* tinless, therefore, the thermal effect of the combusti^tiof carbonic oxide by the 
COilHsused oxygen in forric oxide, be different from that combustion by gaseous 

+.oxygen, this change would be attended with an increase In temperature. But in any 
ease it does not appear that there is any other cause operative in reducing the tempera- 
ture at the upper part of the blast furnace, save the transfer of heat from the asoending 
. gas to the colder materials supplied from time to time at the top, as the charge 
descends, and — if hydrated or carbonated ores, or limestone, or fuel containing volatilisablo 
substance, be used — the absorption of heat accompanying the change of water into 
vapour and of carbonic aeid into gas. 

Consequently, the maintenance of a high temperature in the upper parts of the blast 
furnace must have the effect of preparing the materials constituting the charge, for 
passing rapidly through that stage of the process taking place near the level of the 
tuyeres, w hist; ns regards the present system of working, consists probably in the mere 
fusion of tlloigtal and slag, and the combustion of the remaining fuel. Accordingly, 
a reduction^!* the quantity of material in the charge would admit of a given 
temperxjtfe^l^bfeltlimtained at the upper part of the furnace with a leas consumption 
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cl f*ej; and am ee the time occupied in heating the materials in the fhrnace to such a 
temperature as will determine their fusion, is directly proportionate to the quantity 
of materials to l>e heated, and inversely proportionate to the temperature of the 
ascending gas, other conditions being equal, such a reduction would also admit of an 
increase in the rate of working or production of the blast furnace, and thus effect a 
saving oi both time and fuel. 

Then, since the consumption of fuel over and above that requisite for the reduction 
of the ore, and equivalent, as already shown, to about one-third the Weight of iron 
produced, is incurred chiefly in order to effect the fusion of the charge; it follows that 
any mode of supplying the heat requisite for this purpose, otherwise than by the com- 
bustion of fuel in the furnace, would admit of a reduction in the amount of fuel supplied 
in the charge, and, what is still more important, a proportionate reduction in the supply 
of air. As a consequence of that twofold reduction, a smaller quantity of heat Would suffice 
to bring the charge to a given temperature in a shorter time. The groafcer the substi- 
tution of the extraneous source of heat for the combustion of fuel in the furnace, the 
nearer would be the approximation of the amount, of fuel requisite in the chaige 
to that minimum limit which is necessary for the reduction of the ore, and the greater 
would be the utilisation, in the blast furnace, of the full calorific and reducing power of 
the fuel. 

These considerations will servo to illustrate the principle of the economy, both in 
time and fuel, resulting from the use of hot blast in iron smelting. The apparently 
paradoxical result of a greater thermal effect being produced by a leas consumption of 
fuel, has given rise to a vast deal of misconception in regard to this subject., and has 
even led to the entire denial of any advantage attending the use of hot blast. 

In smelting iron ores with mineral fuel, which almost, always contains sulphur, a por- 
tion of this substance is retained by tho slag, probably in the state of calcium-sulphide; 
but the pig iron generally contains some sulphur, and it is desirable to reduce tho 
amount to the smallest practicable limit. The means that are considered to be capable 
of effecting this object are, increasing the proportion of lime in tho slag, and tho addic- 
tion of materials containing manganese, both of which appear to determine the separa- 
tion of a larger portion of sulphur in the slag. 

The amount of silicon in pig iron appears also to be influenced by the proportion of 
lime in the charge. At the high temperature obtained in smelting with hot blast, silica 
is reduced, in all probability, to a greater extent than is generally tho case with cold 
blast, and tho presence of an additional amount of lime may render that reduction more 
difficult ; but the observations that have been made on this subject are not sufficiently 


decisive to show that this is really the case. 

The pig iron obtained by smelting phosphatic ores almost invariably contains the „ 
greater part of the phosphorus in the ore. Experiments made on this subject by 
Messrs. Price and Nicholson (Phil. Mag. Dec. 1865) show that this is not daejjfl^ 
the influence of hot blast, as had been supposed ; but that it is the natural result of tjok 
easy reducibility of phosphoric acid. Their investigations also lead to the conclusion 
that tho separation of phosphorus in the slag is closely connected with the partial !•» 
duction of the ore, and the presence of a large amount of ferrous oxide in the slag; and 
that the production of iron* free from phosphorus from phosphatic ores, such a# bog 
iron ore, involves a large waste of iron in this way, whereas by the perfect reduction of 
tho ore, the whole or greater part of the phosphorus psisse# into tho iron. As |g n<S 
means of preventing this result are known, and at the present time the eh’minslRgn of " 
phosphorus is probably one of the most important problems connected with the die* 
mistry of iron smelting. < 

The investigation of this and similar subjects is, however, attended with fetf gAd 
difficulty. The nature of tho operations by which iron is produced do not 
admit of being conducted experimentally; while on the other hand it is to 
extent essential that any investigation of the processes involved in those operations ^ 
should be conducted on a large scale. Consequently, though numerous attempts hare 
been made, both by iron smelters and chemists, to investigate the chemistry of this 
art, and thou gh in many instances their labours have been well directed and to some 
extent fruitful, still the advance that has been made in knowledge of the subject is far 
than what is needed ; and without in the least detracting from the merit of some 
who have directed their attention to the subject, it may be said theft, considering the 
national importance of this man ufacture, as well as tho magnitude of the interests 
concerned, toe chemical contributions made during the last thirt v years to its elucida- 
tion and improvement have been in the highest degree meagre, deeultoty, and unsatis- 
factory. B. H. P, 

The alloys of iron are not for the most f^^ much im- 
silver, rine, tin, antimony, Ac. ac — * 
r t by taking-np a few parts in M 


The softer 
w sometime# grei 

* * . % 
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alloys of iron may be prepared by fusing different metals 'with iron wire* in a blast 
furnace, a small quantity of ferric oxide being added to decarbonise the iron. 

1. An alloy of iron and aluminium, nearly in the proportion Al*Fe, is obtained by 
melting 10 pts. aluminium and 5 pts. ferrous chloride with 20 pts. of a mixture of 
the chlorides of potassium and sodium in equivalent proportions, and treating the re- 
sulting crystalline regulus with dilute hydrochloric acid. The alloy then remains in 
iron-coloured six-sided prisms; it is attacked by hydrochloric acid, and soda-ley 
extracts from it a small quantity of aluminium (Michel, Ann. Ch.Pharm. cxv. 104). 
See also Aluminium (i. 155). The peculiar excellence of the Indian steel, known under 
the name of “wootz,” has been ascribed to the presence of aluminium in it ; but there 
is room for doubting whether this is the case (Faraday and Stodart, Quart. Journ. 
of Science, 1819-20, ix. 320 ; Karst en, Eisenhuttenfeunde , i. 484). (See Stbbl.) 

2. With Antimony (i. 316). 

3. With Arsenic. Arsenical Iron , Arsenosiderite . — Two compounds of arsenic 
and iron, Fe 4 As a and IfeAs*, known by these names, occur as natural minerals. They 
appear to be isomorphous, forming trimetric crystals, in which ooP : ooP =s 111° 30' 
(Grog), 122° (G. Rose); cleavage rather distinct in one direction; also massive. 
Hardness = 5 — 5 6. Specific gravity, from 6 80 to 8*71. Lustre metallic. Colour between 
silver-white and steel-grey. Streak greyish black. Fracture uneven. Brittle. Heated 
in a glass tube, they yield a sublimate of metallic arsenic ; on charcoal before the 
blowpipe, they give off arsenical fumes and leave magnetic globules. Nitric acid dis- 
solves them with separation of arsenious acid. 

Arsenical iron always contains sulphur, generally between 1 and 2 per cent. ; a 
specimen from Geier, in the Erzgebirge, contains 6 per cent. If this be reckoned as 
arsenical pyrites (mispickel), Fe 2 As 2 S 2 , the remainder is found to contain, in the lighter 
varieties (specific gravity 6 24 — 7’00), from 67'4 to 68*4 per cent, arsenic, and 32-6 to 
31 *6 iron, :igreeing nearly with the formula Fe*As®, which requires 66*8 As and 33*2 Fe ; 
jfyud in the heavier varieties (specific gravity 6 80 to 8'71), from 71*35 to 73 49 arsenic, 
1 27*88 to 26‘51 iron, agreeing nearly with the formula FeAs 2 , which requires 
84 As and 27*16 Fe. {Rammelsberg's Minercdchemie , p. 19.) 

ironical iron occurs, associated with copper-nickel, at Schladming in Styria; with 
©ntine at Roichenstein in Silesia, and at Loling, near Hiittenborg, in Carinthia, in a 
fo £ spathic iron ore, associated with bismuth and scorodite ; at Goier in the Erzgebirgo; 
^Bedford County, Pennsylvania, and in Randolph County, North Carolina, where a 
ip$tewas found, weighing nearly two pounds. (Dana, ii. 61.) 

by melting 64 pts. iron with 108 pts. arsenic in a closed vessel, obtained an 
Ittssenids of iron, having nearly the composition Fe 2 As 2 ; it was white, brittle, and very 
^l^sily pulverised. Arsenical cast iron (see ante , p. 335). 

Jl. With Bismuth. — An alloy prepared by melting together 3 pts, bismuth and 1 
‘jpon is still magnetic. 

,4 With Copper. (See ii. 42.) 

Gold. — 1 pt. iron forms with J pt. gold a silver- white alloy ; with 1 pt. 
t my alloy. 

, JffthXsaa, — The two metals unite with difficulty when fhsed together, forming 
> allots, arranged one above the other, the lower containing but very little iron, and 
( Upper but a very small quantity of lead (Morveau). By reducing a slag con- 
taining lead andiron in a crucible lined with charcoal, Biewend (J. pr. Chem. xxiii. 
252) obtained a well-fused alloy, which was hard, almost perfectly brittle, lustrous, and 
magnetic; it had a light steel-grey colour, a fine-grained laminar fracture, and. con- 
tained 96*78 per cent of iron and 3*24 of lead. ^ * 

jfc VHth Manganese. — Cast iron, alloyed with manganese, becomes white and mq^e 
bridle ; when the proportion of manganese amounts to Saper cent the iron ceases to 
, magnetic properties. (Mushet.) , €3" 

With M e r c u ry. — An amalgam of iron with mercury is described by J o u 1 e. (Brit. 

Reports, I860, p. 55.) See Mercury. 

i TO. With, Molybdenum. — Molybdide of iron is bluish -grey, har<^ brittle, fine- 
grained, and magnetic ; fusible before the blowpipe when formed of - equal j — ^ ’ 
two metals, but not so when formed of 2 pts. molybdenum and 1 pt. iron. 

< Many samples of the soH^dled " bears ” (£J£«fl-sa«m) ; |rhich are metallic r 
in the hearths of blast farnaces in which copper is smelted, as at Mansfield ( 

Wise consist Ofcjron, alloyed chiefly with molybdenum ^ Bear from the hjr 
Eisleben, obtaiBikMll the fusion of bituminous., marl-slate in smelting 
Fine-grained. 4jOosr4e-grained (Heine, Chem.- ix. 176). — b. 
deburg meteoric Kaj^ containing slag mixedwif^ bronze-yellow e — “ 
the bear from a copper furnace, a is the snilyms of ? 
grained sample, by Stromeyer (Pogg . JjpsuAa 
WeSrle (Xmtsqbr. Phys. v. W. iii. 
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fotke Smite in the Hanj, examined by Wfagens (1 
underground at Lauchstadt. (Steinberg, J. pr. Ch 


g. xrviii. 665). 
. xviii. 379.) * 
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d. Bear found. 


a, a. 
67*91 

a,0. 

b, a. 

b, 0. 

6, 7- 
7311 

e. 

4*. 

73*26 

74*60 

76-77 

81*14 

50 to 89 

28*49 

9*13 

10*19 

9*97 

5*28 

1*08 

10 to 30 



0*01 

0*02 

0*12 

0*14 


0*67 

0*77 

3*07 

3*25 

4*16 

2*40 

trace 

3*42 

4*63 

1*28 

1*16 

0*84 

trace 

1 to 6 

2*46 

1*79 

4*32 

3*40 

5*34 

7*69 

2 to 4 

• • 

* 

* • 

• * 

• • 

trace 

0*29 

trace 


, . 

039 

*0*3*5 

*1*83 

1*94 


0*8*7 

1*42 

0*48 

0*38 

1*20 

0*69 

trace 

. . 

2*47 

1*40 

2*70 

1*82 


3*52 

605 

2*27 

1*25 

1*38 

0*81 

2 to 5 

0*60 

009 

0*92 

2-06 

2*94 

0*62 

trace 



■ 

— 

— — 


■ 


97*93 

9714 

100*00 

100*00 

98*90 

98*62 



i less 
i grey, 


lion 

Molybdenum 
Manganese 
Cobalt . 
Nickel . 
Copper . 
Silver . 
Calcium . 
Silicon . 
Carbon . 
Arsenic . 
Phosphorus 
Sulphur . 


11. With Nickel. — Iron and nickel melt together with facility, forming alloys, some 
of which do not rust so easily as iron itself. An alloy of 1 pt. iron with 0*03 nickel is 
white, of specific gravity 7*80, as extensible as iron, and loss liable to rust. 1 pt. iron 
with 0-1 nickel has a greyish-white to yellowish colour, specific gravity 7*85, is I 
extensible than iron, but rusts less easily. 1 pt. iron and 1£ pt. nickel form a gi 
rather hard, perfectly extensible, and magnetic alloy. 

Meteoric iron consists chiefly of an alloy of iron and nickel. (See p. 336; also 
Mbtboiutbs.) 

12. With Palladium, iron forms a brittle alloy. (Faraday and Stodart, Phil. 

Trans. 1822, p. 264.) . 

13. With Platinum. — Equal weights of platinum and iron heated before the oxy- 
bydrogon blowpipe unite, with vivid omission of sparks, and form a shining, very haffi . 
and malleable alloy, which is scarcely touched by tho file. In equal volumes, the 
metals yield a brittle button (Clarke). Combination does not take place in the hew;.:, 
of an ordinary fire (Lewis, Gehlon). An alloy of 99 pts. iron and 1 pt. platinum if 
not attacked by ordinary nitric acid. (Schonbein, Fogg. Ann. xlii. 17.) 

When equal weights of iron and platinum are dissolved in nitromuriatic acid tab 
excess of acid expelled by evaporation, the solution precipitated by ammonia, and the 
washed precipitate reduced in a stream of hydrogen at a low red heat, an alloy of ircA* 
and platinum is obtained, which immediately takes fire on exposure to the air. If this 
alloy, without being allowed to come in contact with the air, so that no combustion 
may take place, be thrown into hydrochloric acid — which dissolves part of the 
with evolution of hydrogen — and tho residue washed with water, there remains^ 
black heavy powder, containing 80'1 per cent, platinum to 19*9 iron (which may 
dissolved out by boiling nitric acid) together with a trace of moisture, but no hydfT""* 
This residue takes fire in the air considerably below a rod heat, and burns 
emission of sparks. Sometimes the combustion begins at the hottest part aiid sprf?ai 
through the mass with a red light, as in the burning of tinder ; after the combustion, 
the powder is found to have gained 1 per cent, in weight. (Boussingault, Ann. Ch. 
Phys. [2] liii. 441.) 

Carbide of Platinum and Iron. — a. 9 pts. platinum and 2 pts. st eel form a perfect 
alloy, which does not tarnish on exposure to the air ; specific gravity 15*88. 0. The 

alloy of 1 pt. platinum to 1 pt. steel takes a high polish, does not tarnish, exhibits a 
highly crystalline structure on the surface, and has a density of 9*862. y. 1 pt. W- 
tinum and 8 pts. steel form a finely damasked alloy. 9. 1 platinum to 10 steel: specific 
gravity 8*1. #. 1 pt. platinum to 67 pts. steel: the best adapted for cuttmginstru- 

ments. (. 1 pt. platinum to 100 pts. steel : of uniform surface, and beautiful fracture; 
not wxhard aAilv^r- steel, but much tougher, and therefore specially adapted to many 
puMpses. r,. 1 pt. platinum to 200 steel : damasked alloy, very well adapted for won 
(B&aift). Steel alloyed with a small quantity of platinum dittolyes in dilute sujljhurte 
acid match more quickly f ' * "" "* *“ 

l) y axjpt, bt platinum, ai 

°* plaa nuin, the solubility is perceptibly — — ™ --- ^ *, n . 

« 5<H s s d | ve t pM»e quickly than pw steel ; And a compound of 2 pte, steel with 9 pla- 
at aft affected by dilute sulphuric acid. These alloys Wtlubit the same re- 

acid, and the undissolved poxtion, 
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containing platinum, iron, carbon, and hydrogen, is boiled with nitric acid, a black 
residue is left. This latter substance, when heated to 200°, detonates slightly, pro- 
ducing a faint light, but if gradually heated, decomposes with detonation ; it dissolves 
in nitromuriatic acid, yielding a solution containing a larger portion of platinum, with 
but little iron. (Faraday and Stodart. Phil. Trans. 1822, p. 257, and Quart. 
Joum. of Science, p. 329.) 

Coat iron and platinum form a dark, malleable, very hard alloy. 

14. With Potassium. — An alloy having nearly the composition Fe 4 K 2 , is obtained 
by igniting 12 pts. iron filings with 8 pts. pulverised tartar ; it has the aspect of bar- 
iron, is very hard ; can be forged and welded, but oxidises very rapidly in air and 
water. (Gay-LussacandThenard, Recherches Physico-chimiques, 1.238; Calvert, 
Phil. Mag. Oct. 1855.) 

15. With Khodium. — 1 pt. rhodium and 1 pt. steel form an alloy having a 
specific gravity of 9*176, and a very fine colour and surface for metallic mirrors; it 
does not tarnish in the air. An alloy of 1 pt. rhodium and 50 to 100 steel is very 
hard, tolerably tough, requires for tempering a temperature higher by 39° than 
common steel, and by 17° than Indian steel, (Faraday and Stodart, loc. tit. 
p. 329.) 

16. With Silver. — Iron is said to take up a small quantity of silver when melted 


with it. 

17. With Tin. — When iron and tin are heated to redness together, there is formed: 
d . An alloy of 22 pts. tin and 1 iron, somewhat harder than tin, and magnetic; 
and below it b. A compound of 2 pts. iron. and 1 pt. tin (nearly FeSn), which is 
white, very hard, slightly malleable, and difficult of fusion : thiB constitutes tinned 
lron-'plate . — In cast-iron retorts in which the tin-amalgam used for silvering mirrors 
is continually distilled, for the purpose of regaining the mercury, an alloy of tin and 
iron is formed, amounting to between 1 and 2 per cent, of the tin obtained : when 
the tin is poured out of the retorts, this alloy partly floats upon it in scales, and is 

iiurtly deposited at the bottom in the form of a doughy mass. It may be freed from 
$£© pure tin which adheres to it, either by boiling with hydrochloric acid, which 
dissolves the latter, or by treating it with nitric acid, by which the free tin is 
oxidised while the alloy is not attacked. When thus purified, it has the form of 
shining squaro needles, of specific gravity 8*733, brittle, and fusing at an incipient 
White heat. The powder of this compound, when thrown into the flame of a candle, 
burns with emission of sparks and a white smoke. It does not rust in the air, when 
moistened with wator. It is not attacked by nitric acid at any temperature or any 
{tame of concentration ; it dissolves slowly in boiling hydrochloric acid; but rapidly 
and &>mpletely, and with violent action, in nitromuriatic acid. (Lassaigne, 
J^rChim. mid. vi. f»09.) 

Deville and Caron (Compt. rend. xlvi. 920) obtained the alloy FeSn, in broad 
shining laminae, which were but slightly attacked by hydrochloric acid. 

An alloy containing FeSn remains in the preparation of stannous chloride from 
Banca tin (see Tin), in Blender (probably quadratic) needles of specific gravity 7'44, 
fusible only at a white heat ; it solidifies in the crystalline form on cooling, and is 
then magnetic. The crystals are nearly insoluble in hydrochloric and nitric acid, 
but dissolve easily in nitromuriatic acid; they burn in the flame of a candle. 
(No liner, Ann. Ch. Pharm. cxv. 233.) 

It has been proposed to harden malleable iron rails by introducing a portion of tin 
into the metal, but it has been found to render the iron extremely brittle and "*cold 
short,” and also incapable of being welded. (Karst on, J&isenhuttenkunde , i. 508, 
and Percy, Metallurgy , ii. 161.) £ 

18. With Titanium. — Pig-iron often contains titan mm (p. 335), which appears to 
be derived chiefly from the clay of the ore, or from otherfflceous compounds added as 
fluxes. In three samples of grey pig from the iron ore of Westbury in Wiltshire, 
Riley found 1*16, 0*71 and 0*47 per cent titanium. The titanium is either minutely 
disseminated through the iron or else alloyed with it. The presence of titanium in 
the ore or in the flux appears to improve the quality of the iron, and render it of 
excellent quality both for castings and for conversion by the Bessemer process ; bnt 
according to Riley's observations, the titanium does not appear to remain with the 
iron, at least, only in very minute quantity, when it is converted into bar iron or steel. 
Mushet has patented the use of titanium in the manufacture of iron and steel, and 
the alloying of titanium with iron and steel ; but samples of his steel, in the manufec- 
ture of which titaniferous ores were used, did not yield any appreciable evidence of 
titanium. (Riley, Chem. Soc. J. xvi. 387; see ante , p. 335 A ■ 

19. With Tungsten. — Iron and tungften maybe unitedJjy fusion. It is s tated 
that steel of very superior quality may be jtaade by simply melting cast steel, 

Iron, either with metallic tungsten or |tf|h the so-called natjh|l alloy^ prepare^^aiy 
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strongly heating a mixture of powdered wolfram and fine carbonaceous matter in a 
crucible lined with charcoal. (Bernouilii, Pogg. Ann. I860, a ad. 673.) 

20. With Zinc. — Iron takes up zinc when heated with it. A brittle friable alloy 
is readily formed by melting zinc in vessels of wrought or oast iron, or by dropping 
iron into melted zinc; sometimes crystalline compounds of ferruginous zinc are 
doposited. (Percy, Metallurgy , ii. 163.) 

By immersing malleable iron or cast iron, perfectly free from oxide on the surface, 
in melted zinc, the iron becomes covered with a coating of zinc, probably in conse- 
quence of the two metals being alloyed superficially. Iron thus coated with zinc is 
less liable to undergo oxidation when exposed to tke atmosphere, and is largely 
employed under the name of galvanised iron. 

ISON, BROMIDES OT. Iron unites with bromine in two proportions, form- 
ing the dibromide or ferrous bromide , FeBr 2 , and the tribromide or ferric bromide , 
Fe-Br*. 

Ferrous bromide is a yellowish substance obtained by passing bromine- 
vapour over gently ignited iron wire. It is soluble in water, and may be obtained 
in solution by dissolving iron in hydrobromic acid, or in a mixture of bromine 
and water. The solution yields by evaporation rhombic tabular crystals, contain- 
ing FoBr 2 .6H 2 0. When exposed to tho air it turns brown, and deposits ferric 
oxybromide. 

Ferric bromide , Fe 2 Br a , is produced by heating ferrous bromide with bromine,* 
or by evaporating to dryness a solution of iron in excess of bromine-water. It is a 
brown-red mass which deliquesces in the air. It may bo obtained in solution by 
dissolving ferric oxide in hydrobromic acid, or by mixing tho aqueous solution of tho 
ferrous bromide with bromine. 

IRON, CARBIDES OR CARBURETS OF. See Oast Iron (p. 329) and 
Stkkl. By heating alkaline ferrocy snides to redness, a compound of carbon and iron is 
obtained, consisting of FeC 2 . 

Three other definite compounds of iron and carbon have been supposed to exist, rlzw 
FeC, FeC 2 , and Fe 4 C, according to Karsten and Berth ier (Ann. des Mines [3] iii. 229). 
More recently Gurlt (Cl.em. Gaz. xiv. 230) has endeavoured to show that there is 
another carbide, represented by the formula Fe*C. The nearest approach to a definite 
compound of carbon and iron is specular iron, which may perhaps consist essentially 
of a tctracarburet ; but the evidence of the existence of these compounds is exceedingly 
imperfect. 

IRON, CARBONATE OF. See Carbonates, i. 784. * 

IRON, CARBURETTER, ANALYSIS OF. It lias already been mentioned 
that cast iron contains, besides carbon, which is an essential constituent of it, a con- 
siderable number of other elements, both metallic and non-metallic, that many of these 
elements are not completely removed in the processes to which the iron is subjected to 
convert it into bar iron and steel, and that all of them have more or less influence on tho 
quality of the iron. It becomes, therefore, an important problem to detect these 
several elements in iron, and, as far as possible, to estimate their amount. 

The iron used for the analysis must bo finely divided, as in the form of filings, 
turnings, or borings ; very hard iron, such as specular iron, or hard steal, may be com- 
minuted in a steel mortar, and sifted. The iron must of course bo free from dust, rust, 
oil, and other foreign substances. 

1. Estimation of the entire amount of Carbon. — To estimate the whole of the 
carbon in iron, both free and combined, tho iron must be dissolved, without evolution 
of hydrogen, because that gas would carry some of the carbon with it; or the car- 
buretted iron must be completely oxidised, and the carbon estimated as carbonic 
acid. 

When carburetted iron is brought in contact with chloride of silver, cupric chloride, 
or ferric chloride , these compounds are reduced to metallic silver, cuprous chloride, and 
ferrous chloride respectively, while the metallic iron is also converted into ferrous 
chloride, which dissolves, and the whole of the carbon remains behind, together with 
silicon and various metals. The action of chloride of silver is very slow ; -the most con- 
venient reagent for this purpose is cupric chloride. A quantity of the iron (6 to 10 grins.) 

18 covered with a moderately concentrated aqueous solution of cupric chloride, free from 
excess of acid, whereupon metallic copper is precipitated, and ferrous chloride is formed. 
As soon as trituration with a glass rod shows that the deposit is free from hard par- 
ticles of iron, the solution is decanted and the residue is drenched with a concentrated 
solution of cupric chloride acidulated with* hydrochloric acid, in order, to convert the 
fjduoed copper cuprous chloride, and dissolve it. The solution is then filtered 
f tulirijliawn out at the lower end to a narrow neck, and flogged with 

afrbest °s (or platinum-sponge), so as to retain all undissolved particles. Impure carbon 
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is thus obtained, the weight of which may be determined by weuriifiur *u * , 
at 124°-130° C., both before and after the experiment age tube dn'H 

Ferric chloride may also be used instead of cupric chloride, the free acid c 
\tv the solution being previously neutralised with carbonate of sodium or earbonAt^ 
calcium. The basic ferric salt deposited in the reaction may be removed by diJn# 

hydrochloric acid or solution of ferric chloride. * * c8 

The iron may also be dissolved, without loss of carbon, by nitric acid, provided it, be 
first drenched with water, \ and then nitric acid free from chlorine or nitrous acid added 
As soon as the solution has attained a sufficient degree of concentration, it is poured off 
the residue is drenched with fresh quantities of water and aqueous acid , and the turbid 
yellowish solution , which contains nitrate of ammonia and nitrate of iron, is left to 
clarify, and finally filtered as above. 

Another method is to heat the finely divided iron in a stream of dry chlorine gas , pre- 
viously freed from air by passing through a red-hot tube containing finely divided charcoal. 

Bromine or iodine may also be used instead of chlorine, and in the wet way, 
Morfitt and Booth (Chem. Gaz. 1853, p. 358) drench the iron (not very finely 
divided) with a small quantity of water, add iodine (5 grms. to 1 grm. iron), and leave 
it for five or six hours, till the action is finished ; then pour off tho liquid, add more 
water and iodine, if any iron still remains, and filter. Care must be taken not to add 
too much water, and not to allow the action to go on too long, otherwise a portion of 
1 he carbon will be lost. The charcoal which remains after the solution of iodide of 
iron has been filtered off) is washed with hot water, then with hydrochloric acid, and 
again with water, and the residue is weighed. 

The carbon obtained by either of these methods is not pure, but is mixed with a 
small quantity of iron, and a larger quantity of silicic anhydride and oxide of silicon. 
The amount of pure carbon may be determined, either by the loss which the residue 
sustains when ignited in contact with the air, or by burning the carbon as in organic 
analysis, with oxide of copper, or better with chromate of lead, or with a mixture of that 
-*®alt and chlorate of potassium, or in a stream of oxygen, and weighing the carbon as 
carbonic anhydride by absorption in caustic potash. 

Deville (Compt. rend. li. 938) separates the pure carbon at once by igniting the 
finely divided iron in a current of dry hydrochloric acid gas, quite free from atmo- 
spheric air. The iron and all the foreign constituents, except the carbon, are then 
converted into volatile chlorides, and pure carbon remains behind. 

2. Estimation of the Graphite or mechanically mixed carbon. — This is the portion 
which remains behind mixed with silica, and sometimes also with humus-like carbon- 
compounds, when the iron is dissolved by dilute acids. To estimate it, the iron is dissolved 
out by dilute hydrochloric acid of specific gravity 1*1 ; the washed residue is digested 
in potash-ley of specific gravity IT, to remove silica and humus-compounds, then with 
water, then with hot hydrochloric acid, and lastly, with hot water, after which it is 
dried, weighed and ignited in contact with tho air, the loss of weight which it then 
sustains being reckoned as graphite (Morfitt and Booth). Buchner (J. pr.Chcm. 
hprii 364) washes the residue with boiling water, potash-ley, alcohol, and finally with 
ether; then dries, weighs, and ignites as above. Gurlt(Polyt. Centralblatt, 1856, 
p. 378) treats the finely divided iron with recently precipitated chloride of silver and 
solution of sal-ammoniac, digests the residue with cyanide of potassium to remove 
chloride of silver, with potash to remove silica and combined carbon, then with nitric 
acid to remove metallic silver : the residue consists of graphite, which is to be treated 
as above. 

3. Estimation of the combined Ca rbo n. — The carbon actually in combination with 
the iron is for the most part converted, during the solution of the metal, into volatile 
hydrocarbons, which escape with the hydrogen, and irfeftrt to it a well-known offen- 
sive odour ; part of this carbon, however, always remaifiSin the liquid form attached 
to the graphite. When carburetted iron is digested- With chloride of silver, ferric 
chloride, or cupric chloride, as already described, the whole of the carbon remains 
behind, and on treating the residue with potash-ley, that which was originally com- 
bined with the iron dissolves, and may be separated, together with silica, by super- 
saturation with hydrochloric acid, evaporation to dryness, and washing. The amount 
of carbon in the residue thus obtained may then be determined, either by the loss of 
weight sustained on ignition, or by combustion with chromate of lead. The combined 
carbon is, however, more generally estimated by difference. 

4. Estimation of Silicon . — The amount of this element may be determined by 
igniting the residue obtained in the preceding operation ; the carbon then burns 
nway, and silica remains behind ; as, however, a small portion of the carbon is apt to 
escape combustion, and the residue likewise contains a certain portion of slag, the pure 
silica must be dissolved out by potash-ley of specific gravity 1*1 (which will not attack 
the slag), and then precipitated by supersaturation with hydrochloric acid. 
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Caron ignites the pulverised iron in a mixture of hydrochloric acid and air, 
whereby the carbon is converted into carbonic anhydride, and the iron into volatile 
chloride, while silica remains, sometimes mixed with the oxides of titanium, aluminium, 
calcium, &c. 

The silicon in iron also remains as silica in the residue left on burning the iron in 
a stream of oxygen, and may be separated by moistening this residue with concentrated 
hydrochloric acid, evaporating to dryness, then digesting in dilute hydrochloric acid 
and filtering. 

5. Estimation of Nitrogen. — The nitrogen may be detected in cast iron, according 
to Marchand, by igniting the finely divided iron with potassium, perfectly cleansed 
from oil and well dried, in an atmosphere of hydrogen quite free from air. The 
resulting mass, dissolved in water, yields, on addition of a ferro so- ferric salt and super- 
saturation with hydrochloric acid, a precipitate of prussian blue. According to Fr^rny, 
the nitrogen of iron may be converted into ammonia by ignition in pure hydrogen. 

The nitrogen may be estimated by igniting the pulverised iron with six times its 
weight of a mixture of caustic lime and baryta, receiving the ammonia thus evolved in 
hydrochloric acid, and converting it into platinum-salt. Another method is to dissolve 
the iron in acid, whereupon ammonia remains in solution ; boil the liquid with excess 
of slaked lime, and receive the vapours in hydrochloric acid. A portion of the nitrogen 
may, however, remain in the carbonaceous residue, and may be determined by igniting 
that residue with soda-lime in the ordinary way. 

6. Estimation of Sulphur . — The sulphur in pig iron may be converted into sul- 
phuric acid by oxidation with nitric acid, but the quantity is generally too small to be 
estimated in this way. A better method is to convert it into sulphydric acid, by 
dissolving the iron m dilute hydrochloric acid (which, of course, must not contain 
sulphurous acid, or free chlorine), and puss the evolved gas through a Liebig’s bulb- 
apparatus containing an ammoniacal solution of nitrate of silver, or through a series 
of small flasks containing chloride of copper, or acetate of lead (the latter mixed with 
acetic acid), and weigh the precipitated sulphide: 100 pts. sulphide of silver «■ 12*91 
sulphur; 100 pts. sulphide of copper =» 13 45 sulphur. As, however, the precipitated 
sulphide may also contain phosphide or arsenide, it is better to oxidise the sulphide 
with nitric acid, and precipitate the resulting solution with chloride of barium. 

Another mode of estimation is to fuse the pulverised iron with nitre and carbonate 
of sodium, dissolve the mass in dilute hydrochloric acid (silica then remaining undis- 
solved), and precipitate the sulphuric acid as a barium-salt. If the fusion is conducted 
over a gas-flame, care must be taken that the mass does not pass over the edge of the 
vessel, because in that case the sulphurous acid in the flame, coining in contact with 
the fused alkali, will be oxidised, and form an alkaline sulphate, which will greatly 
increase the apparent amount of sulphur in the iron. If the fusion is made over a 
spirit-lamp, this source of error docs not arise. (D. S. Price, Chem. Soc. J. xvi. 61.) 

In several of the analyses already given (pp. 332, 333), the estimation of sulphur 
is probably too high. The results that are quest ionable are marked *. 

7. Estimation of Phosphorus.*— The iron (6 to 10 grins.) is dissolved in nitric or 
nitromuriatic acid ; the solution evaporated to dryness ; the dry residue fosed wfth 
three or four times its weight of alkaline carbonate ; the fused muss disintegrated by 
water ; the filtrate supersaturated with hydrochloric acid and evaporated to dryness 
to separate silica; the residue digested in water; and from the filtrate the phosphoric 
acid is precipitated as ammonio-magnesian phosphate. The acid filtrate may also be 
previously used for the estimation of sulphuric acid, the excess of baryta added being 
then removed, previously to precipitating the phosphoric acid in the way just men- 
tioned. If the solution also contains alumina, tartaric acid must first be added, to 
hold that base in solution. 

The nitric acid solution of the iron may also be precipitated in the cold with car- 
bonate of sodium ; the whole of the phosphorus is then thrown down as ferric phosphate, 
jhich, after washing, may be fused with alkaline carbonate and treated as above, or 
decomposed by sulphide pf ammonium. 

The iron filings may also be fused at once with a mixture of alkaline carbonate and 
nitrate ; the fused mam treated as above described for the estimation of sulphuric 
acid ; and the solution, after being freed from silica, may be used either immediately 
or after separation of the sulphuric acid, for the estimation of phosphoric acid. 

Kggerts (J. pr. Chem. lxxix. 496), evaporates to dryness the solution of 1 grm. 
“J® m grins, nitric acid of specific gravity 1*2, moistens the mass with hydro- 
chloric acid, and dissolves it in such a quantity of water, that the filtrate measures 
j 5 c - c., then adds 12*6 c. c. of a solution of molybdic acid (prepared by dissolving 
*,!*; molybdic add in 4 pts. ammonia, pouring the quickly filtered liquid into 16 pts. 
nitric add, and leaving it to settle). On leaving the mixture to itself for a few hours at 
*0°, a precipitate forms, which must be collected on a weighed filter, washed with 
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“water containing 1 per cent, of nitric acid, and dried at 95°. 100 pts.. of the dried 

Precipitate correspond to 1 pt. phosphorus. 

8. Estimation of Arsenic. — When arseniferous iron is dissolved in dilate hydro- 

chloric or sulphuric acid, the arsenic is not given off as arsenetted hydrogen, but is 
converted into arsenic acid (H. Rose), which remains dissolved if the solution has 
been made in the cold, but is precipitated from warm solutions not containing too 
great an excess of acid, as basic ferric arsenate, and is therefore often found in the 
carbonaceous residue. . . . . 

When the iron is dissolved in nitric or mtromunatic acid, the arsenic is converted 
into arsenic acid, and may be precipitated as basic ferric arsenate (together with phos- 
phate) by boiling the solution with acetate of sodium, after the greater part of the 
ferric oxide has been reduced to ferrous oxide by heating it with sulphite of sodium. 
The precipitate is then decomposed by sulphide of ammonium, and the filtrate, acidu- 
lated, anti treated with sulphydrie acid, yields a precipitate of sulphide of arsenic. 
Or the iron may be dissolved in hydrochloric acid, with addition of a little nitric acid, 
to dissolve all the arsenic ; the filtrate heated with sulphite of sodium, to reduce all 
the ferric to ferrous chloride ; and the solution, freed from excess of sulphurous acid, 
may be treated with sulphydrie acid, with the usual precautions; the arsenic is then 
precipitated as trisulphide (together with the sulphides of copper and lead, if present). 

As a portion of the arsenic sometimes romains in the carbonaceous, residue, this 
residue must be examined, either by treating it with sulphide of ammonium, and pre- 
cipitating the arsenic from the filtrate by sulphydrie acid, or by fusing it with nitrate 
and carbonate of sodium, and precipitating the arsenic as am monio- magnesian arsenate. 

The pulverised iron may also be fused with nitrate and carbonate of sodium, the 
silicic and sulphuric acids separated as above, and the arsenic then precipitated by sul- 
phydric acid, or if no phosphorus is present, by ammonia and sulphate of magnesium. 

9. Estimation of Manganese, Cobalt, Nickel \ and Zinc. — These metals may all 
be separated from iron, by precipitating the latter from a neutral solution iu which all 
the iron exists as ferric salt, with benzoate or succinate of ammonium, or from acid 
solution, with carbonate of barium. 

10. Estimation of Copper and Lead. — The precipitate, thrown down as above 
described by sulphydrie acid from the reduced iron solution, sometimes contains traces 
of these two metals. The arsenic may be extracted from it by monosulphide of potas- 
sium ; and the residue, oxidised with nitric acid and treated with sulphuric acid, yields 
insoluble sulphate of lead and a soluble copper salt. 

11. Estimation of Aluminium. — For the method of separating this metal from 
iron, see i. 165. 

12. Estimation of Magnesium , Calcium , and the Alkali-metals. — lhese 
metals remain in solution after the iron has been precipitated as ferric oxide by ben- 
zoate or succinate of ammonium, or by carbonate of barium, and maybe separated and 
estimated by the usual methods. 

18. Estimation of Chromium , Vanadium , Titanium, Molybdenum , and 
Tungsten. — These metals occur especially in the, black residue which remains when 
pig iron is dissolved in dilute acids, and may be sought for either in this or directly in 

the iron. _ . 

To detect and separate chromium and vanadium, a large quantity of the pulve- 
rised iron is fhsed with 12 pts. nitrate and 1 pt carbonate of sodium ; the fused mass 
(which likewise contains silicic, phosphoric, and arsenic acids) is mixed with such a 
quantity of nitric acid that it still retains a slight alkaline reaction, but does not give 
off any nitrous acid (which would reduce the chromic and vanadic acids') ; the solution 
is mixed with chloride of barium ; the washed precipitated treated with sulphuric 
acid ; the solution is saturated with ammonia and evaporjfced; and a lump of sal-ammo- 
niac is thrown in, whereby vanadate of ammonium Whrown down as a yellow or 
white crystalline powder, while the chromate remains dissolution. The vanadate of 
ammonium, heated in contact with the air, yields dark red vanadic acid, the quantity 
of which can then be determined. , 

According to Sefstrom, the vanadic (and chromic) acid may be separated from the 
fased mass, after neutralisation with nitric acid, by the addition of a lead-salt ; th« 
washed precipitate is then boiled with strong alcohol and hydrochloric acid, the resulting 
blue solution of vanadic (and chromic) oxide, after being evaporated, is oxidised 
by nitric add or chlorine-gas, then mixed with potash-ley, evaporated down, and 
ftasecl the ftised mass is dissolved in water ; and the vanadic acid is precipitated, as 
above,' by sal-ammoniac. The liquid filtered therefrom (after separation of phos- 
phoric and arsenio acids as ammonio-magnesian salts) yields with sulphydrie acid a 
precipitate of chromic hydrate, while sulphide of molybdenum remains iu solution, 
whence it may be precipitated by acids, and, when fused in a narrow tube, yields pure 
sulphide of molybdenum. 
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According to Hiiller, the mass obtained by fusing the iron with nitre and soda, mky 
be dissolved in water, the filtrate treated with chlorine- gas, which separates phos- 
phate of aluminium, and then saturated with nitric, acid, afterwards with ammonia, 
and the vanadium precipitated by sal-ammoniac — or the fused mass is boiled with 
excess of sulphide of ammonium, or saturated with sulphydrio acid gas (whereby 
chromic oxide and alumina are separated), and sulphide of vanadium precipitated 
from the solution of the alkaline sulphovanadate by an acid. 

The chromic a cid may be separated from the liquid filtered from the vanadate of 
ammonium by the ordinary methods, and most readily detected, after addition of 
pure nitric acid, by its reaction with peroxide of hydrogen (i. 953). The chromic acid 
may also be precipitated from the alkaline liquid, after neutralisation with nitric acid, 
by means of mercurous nitrate, the phosphoric and arsenic acids having first been 
precipitated by ammonia and nitrate of magnesium (the addition of sal-ammoniac and 
sulphuric acid must be avoided, as they would precipitate the mercurous salt). 

Riley (Chem. Soe. J. xvii. 23) separates vanadium from pig-iron bjr dissolving the 
borings in dilute hydrochloric acid, and after the iron is nearly all dissolved, adding 
a strong acid, and boiling well ; the chloride of iron is then filtered off from tho 
graphite and Bilica ; the filter well washod from chloride of iron, and treated with a 
dilute solution of potash to dissolve the silica ; the potash thoroughly washed out ; 
and the filter treated with hydrochloric acid, washed until all the acid is removed, 
then dried, ignited, and burnt over a Bunsen’s burner, or better in a muffle. The 
residue is a semi-fused mass, apparently consisting of a mixture of a fusible and infu- 
sible oxide, staining a porcolain crucible yellow, and adhering strongly to it, some 
portions of the mass being of a purply blue colour, similar to the bloom of a plum. 

The semi-fused residue, treated with concentrated hydrochloric acid, gives off 
chlorine, and forms a yellowish-brown solution, which on boiling soon becomes of a 
be autiful green colour, leaving a black, finely pulverulent, insolublo residue. Tho 
solution, freed from ’excess of acid by evaporation, leaves a syrupy dark green mass, 
which when heated with water, yields a small quantity of whito insoluble flocculent 
matter, and a solution which has a green colour when acid, but blue when nearly 
neutral or largely diluted, and gives the characteristic reactions of vanadium-salts, 
especially the yellow precipitate, becoming greenish on standing, with ferrocyanide of 
potassium. 

The black insoluble residue, fused with acid sulphate of potassium, forms a moss 
which dissolves perfectly in cold water, and yields on boiling a dense yellowish-white 
pulverulent precipitate, exhibiting the reactions of vanadium-salts. The black powder 
appears to be vanadous oxide, and the solublo portion of the original residue 
consists chiefly of vanadic acid. In a sample of grey pig iron from Westbury in 
Wiltshire, also containing a considerable quantity of phosphorus, part of which passed, 
as phosphoric acid, into the residue insoluble in dilute acids, Riley found — by sepa- 
rating the phosphoric acid from this residue as magnesium-salt, and considering tho 
remaining portion soluble in concentrated hydrochloric acid, as vanadic acid — that 
the total quantity of vanadic acid in the pig was 0 686 per cent. 

Molybdenum sometimes occurs in the carbonaceous residue left on dissolving pig 
iron in acids, and may bo dissolved out together with arsenic, by sulphide of am- 
monium, and precipitated therefrom by acids : on heating the precipitate in a glass 
tube, sulphide of molybdenum remains behind. 

Iron rich in molybdenum, such as the “bears” from copper furnaces (p. 367), may 
be dissolved in nitro muriatic acid ; the solution evaporated to dryness after audition 
of hydrochloric acid; then redissolved and precipitated by sulphydrio acid, with ad- 
dition of metallic zinc. The whole of the molybdenum is thus precipitated, and may 
be separated from other metals by solution in sulphide of ammonium, procipitation 
therefrom by acids, and heating. 

Titanium is obtained as titanic acid [anhydride] when pulverised iron is heated 
in a current of hydrochloric acid gas and oxygen ; it then remains, together with silica, 
alumina, lime, &c., and may be rendered soluble by fusion with carbonate of sodium. 

When iron is dissolved in nitric acid, at last with aid of heat, and the solution is 
evaporated to dryness and redissolved in nitric acid, titanic anhydride remains, to- 
gether with carbon, silica, &c., and may be rendered soluble as above. 

The iron may also be dissolved in cold hydrochloric acid, the solution mixed with 
tartaric acid to prevent the precipitation of the iron by ammonia, and the whole of 
the iron (together with cobalt, nickel, copper, & c.) precipitated by sulphide of ammo- 
nium ; titanic then remains in solution, and may be precipitated and estimated by 
methods which will be described under Titanium. 

Riley (Chem. Soc. J. xv. 391), after dissolving the iron in hydrochloric acid, col- 
lects the residue on a weighed filter, treats the residue with dilute potash to dissolve 
out the silica, and after washing the filter with hydrochloric acid, dries it at 260°, and 



IRON : CHLORIDES. 


m 

weighs it. The weight of the residue, consisting of graphite mixed with titanic 
anhydride, being thus determined, the graphite is burnt off, and the dirty light brown 
residue is fused with acid sulphate of potassium ; the fused mass dissolved in cold 
water ; and the solution boiled, whereupon titanic anhydride is precipitated nearly 
pure. Part of the titanium is, however, dissolved by the acid together with the iron : 
hence, to obtain the entire amount, the solution obtained by fusing the residue from 
the silica with acid sulphate of potassium must be added to the iron solution, after 
the sulphur contained in it has been precipitated as a barium-salt, and the excess of 
baryta removed. The solution in which the titanium and phosphorus are to be de- 
termined, is first reduced with sulphite of sodium, and the excess of sulphurous acid 
driven off It is then nearly neutralised with ammonia, and acetate of sodium or 
ammonium added. If there is only a small quantity of phosphoric acid present, there 
will always be sufficient ferric oxide to precipitate it ; but if not, a few drops of nitric 
acid must be added, and the solution boiled and filtered as quickly as possible. 
This precipitate may be at once treated; or if it contains much ferric oxide, in 
excess of that sufficient to form phosphate of iron, it is better to redissolve it in 
hydrochloric acid, reduce it again with sulphite of sodium, and repeat the operation 
above described. The precipitate is then dissolved in hydrochloric acid, and chloride 
of magnesium, ammonia, chloride of ammonium, and tartaric acid added, the precipi- 
tate produced being allowed to stund two nights; then the ammonio-magnesiam- 
phosphate is filtered off, dried, ignited, and weighed, and the phosphoric acid calculated 
from the pyro-phosphate of magnesium. The filtrate from the phosphoric acid is 
treated with sulphide of ammonium, and the sulphide of iron separated, the filtrate 
evaporated to dryness, ignited, and burnt in a muffle ; or evaporated nearly to dryness, 
transferred to a flask, and treated with fuming nitric acid until all the tartaric acid 
is destroyed ; in either ease, the residue is fhsed with acid sulphate of potassium. The 
fused mass is dissolved irt. cold water, boiled for some hours, and allowed to stand a 
night in a warm place, when the tittinio acid is filtered off and washed with dilute 
sulphuric acid — dried, ignited, and weighed. If the determination of phosphoric acid 
is not required, then the precipitate produced (either by one treatment or two) by the 
alkaline acetate, may be dried (without washing), burnt, and fused with acid sulphate 
of potassium, and dissolved in cold water, whereby a little phosphate of iron, which 
remains insoluble, is separated ; and the solution being boiled, the titanic acid is pre- 
cipitated, and may be separated as before. (For further details, see the paper above 
referred to.) 

Tungsten, which sometimes occurs in the residue of the solution of iron in hydro- 
chloric acid, may be rendered soluble by fusion with alkaline carbonate, and separated 
by precipitation with acids or with mercurous nitrate. It may be separated from the 
other constituents of the iron by the solubility of tungstic acid in ammonia, or of the 
sulphide in sulphide of ammonium. 

14. Estimation of the Iron. — The amount of puro iron in carburetted iron is generally 
determined merely by difference, after all the other constituents have been estimated. 
It may, however, bo estimated directly by Fuchs’ method with metallic copper (p. 383), 
or by any of the volumetric methods hereafter to be described. Mohr recommends 
especially the use of two titrated solutions of chromate of potassium, one ten times 
more dilute than the other (p. 384). 

IRON, CHLORIDES OS*. Iron forms with chlorine two compounds, analogous 
to the bromides. 

Ferrous Chloride, FeCl*, is obtained in the anhydrous ertate: — 1. By passing 
chlorine or hydrochloric acid gas over iron filings or turnings heated to redness in a 
gun-barrel connected with a receiver into which the nfoduct may sublime. — 2. By 
heating iron-filings with sal-ammoniac, ferrous chloruVttthen remaining behind. — 
3. By boiling down a solution of iron in hydrochloric acjjrtut of contact with the air, 
and heating the residue till the water is expelled. 

Ferrous chloride crystallises in white or yellowish-white shining scales, which, 
according to Senarmont, are six-sided, and optically uniaxial ; it has a specific gravity 
»>f 2*628, melts at a red heat, and sublimes when more strongly heated in a close vessel. 
Heated in an atmosphere of hydrogen, it is reduced, yielding hydrochloric acid and 
pure iron crystallised in tubes. Heated in dry air or oxygen gas, it is resolved into 
ferric oxide and chloride, the latter volatilising : 

3FeCl a + O* « Fe*0* + 2FeCl». 

In contact with aqueous vapour at a red heat, it gives off hydrogen and hydrochloric 
acid, and is converted into ferroso-ferric oxide: 

8FeCl* + 4H*0 = Fe*0 4 + 6HC1 + H*. 

It absorbs ammonia-gas at ordinary temperatures, swelling up and crumbling to a 
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white powder, which, when exposed to the air, quickly takes up water and oxygen, 
and is converted into ferric oxychloride and ferrico-ammonic chloride. Ferrous 
chloride, heated to redness in dry ammonia gas, is converted into a nitride of iron, 
Fe*N* t containing 9 3 per cent, nitrogen (Fr6my, Compt. rend. iii. 323). When 
mixed with a little charcoal powder, it is reduced by zinc- vapour at a red heat, yielding 
crystalline metallic iron, sometimes in dendrites, sometimes in tetrahedrons, and of 
specific gravity 7 84. (Ponmar&de, Compt. rend. xxix. 620.) 

Ferrous chloride exposed to moist air, absorbs water, and deliquesces. It dissolves 
easily in water and alcohol , but is insoluble in ether. It dissolves in 2 pts. water at 
8176° (Abl, Oesterreich. Zeitschr. f. Pharm, viii. 20); in 1 pt. of strong alcohol at 
82*6°. (Wenzel.) 

Hydrated Ferrous chloride , FeGP.ilPO, is most easily obtained by dissolving iron 
in aqueous hydrochloric acid, finally heating the solution with excess of metal, and 
filtering it at the boiling heat into a vessel moistened with strong hydrochloric acid. 
The bluish-green liquid, left to cool in well-closed vessels, deposits the hydrated 
chloride in crystals, which must be quickly prossed between paper and dried in air at 
about 30°. The bluish crystals are monoclinic, and cleave parallel to ooPoo and + P. 
Specific gravity, 1*937. The salt may bo obtained as a crystalline powder by concen- 
trating the solution in a flask or a retort, and evaporating the concentrated liquid over 
the water-bath to a paste, stirring till it is cold. The crystals heated in a close vessel 
first give off half their water, and the remainder at a higher temperature ; when 
quickly heated, they melt in their water of crystallisation ; they effloresce at ordinary 
temperatures when kept over oil of vitriol. They dissolve in 0 68 pts. water , easily in 
alcofud and, according to most authorities, in ether ; according to Jahn, however, they 
are insoluble in ether. The solutions, especially the alcoholic, absorb nitric oxide gas, 
and assume a black-brown colour. The aqueous solution yields by electrolysis , iron and 
hydrogen at the negative, chlorine and oxygen at the positive pole. 

Ferrous chloride forms double salts with the chlorides of the alkali-metals, A 
mixture of the concentrated solutions of ferrous chloride and chloride of potassium 
yields, by cooling or slow evaporation, the salt, K 2 Fe"Cl 4 .2H 2 0 or 2KCI.FeCl 2 .2H 2 0, in 
pale blue-green monoclinic crystals. A similar ammonium-salt is obtained by mixing 
the corresponding solutions, or by boiling iron filings with sal-ammoniac, hydrogen 
and ammonia being then set free. 

Z*erric Chloride. Trichloride of Iron , Fe 2 Cl*, also called Perchloride of Iron f 
Iron sublimate. — This compound is sometimes found in the craters of volcanos; it 
may be obtained artificially by the following processes: — 1. A piece of iron wire 
or a watch-spring introduced rod-hot, or with a piece of burning tinder at the 
end, into chlorine gas, burns with a red glow and forms ferric chloride, which then 
sublimes. The same result may be obtained by passing chlorine gas oyer gently 
heated iron. — 2. Ferrous chloride heated in chlorine gas is converted into ferric 
chloride. — 3. When ferrous chloride is heated in a vessel containing air, ferric chloride 
sublimes, and ferric oxide remains behind. — 4. When an aqueous solution of ferric 
chloride is evaporated, the dry compound remains behind, mixed with more or less ferric 
oxychloride ; the dry residue, gently ignited in a loosely closed flask, yields the ferric 
chloride sublimed in laminae. — 6. A mixture of l pt. calcined ferrous sulphate, and 
1 pt. chloride of calcium, is ignited in a flask till the ferric chloride sublimes. (Baur, 
Repert. Pharm. xxv. 432.) 

Ferric chloride forms iron-black, iridescent plates, having a metallic lustre, and 
volatilising and subliming somewhat above 100°. When heated in contact with oxygen 
gas, it yields ferric oxide and chlorine ; heated with aqueous vapour, it forms feme 
oxide and hydrochloric acid gas. With sulphuric and and with sulphur , it behaves 
like ferrous chloride. (A. Vogel.) . 

Hydrated Ferric chloride.— Ferric chloride dissolves in water with considerable 
evolution of heat, and likewise deliquesces in the air. The liquid formed bv deli- 
quescence is called Oleum, Martis. The same solution may be obtained by the 
following methods 1. By dissolving ferric oxide or its hydrate in boiling hydrochloric 
acid. — -2. By dissolving iron to saturation in a definite quantity of hydrochloric Mid, 
filtering the solution, and mixing it with half as much hydrochloric acid as it already 
contains ; then heating the liquid to ebullition in a capacious vessel, and adding mtne 
acid in small portions, till the dark-brown colour first produced by the absorption of 
nitrous gas has given place to a yellowish -brown, and the further addition of nitric 
acid produces no evolution of nitrous gas. The mixture is very apt to froth over, 
especially towards the end of the operation, when all the nitric oxide which has been 
absorbed has been evolved. The same result may also be obtained by dissolvirgiionm 
nirromuriatic acid ; but it is not easy to hit the right proportion of the a-io^~--8. By 
passing washed chlorine gas through aqueous hydrochloric acid saturated with iron* 
as long as the gas is absorbed. The dark brown liquid, which has a rough taste and 
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#Wtl thl f]Eia yellow, yields, on evaporating and cooling, crystals containing two. or 
firilagu three different proportions of water. 

a. bodem-kydrated, FeK^lMSH^O (with 40 per cent, water). — Ferric chloride deli- 
queecee rapidly in the air, then crystallises in the form of this hydrate, and afterwards 
deliquesces much less quickly (Kinast, Kastn. Arch. xx. 281). The same hydrate 
likewise separates slowly from an aqueous solution of the chloride not too much con- 
centrated — fine radii stretching out in all directions from particular points, and forming 
pale orange-yellow*, opaque, hemispheric nodules, into which the whole liquid is 
ultimately converted. If the evaporation has been carried too far, the syrup will not 
crystallise unless it be exposed for some time to the damp air of a cellar, from which 
it can absorb water. (Mohr. Ann. Ch. Pharm. xxix. 173.) 

t $. A penta-hydrate, Fe 3 Cl a .6H 2 0 (with 21*7 per cent, water) is obtained by evaporat- 
ing the liquid to a syrup, mixing it with a small quantity of strong hydrochloric acid 
to re*diseolve the precipitated ferric oxychloride, and leaving it to itself in the cold 
(Stein, Repert. Pharm. xiii. 264). — 2. By fusing the crystals a, evaporating till the 
liquid becomes perfectly solid on cooling, replacing the lost hydrochloric acid, and 
leaving the solution to cool (Fritzsche).— 3. The crystals a, placed beside oil of 
vitriol, under a receiver containing air, soon deliquesce and form a thick liquid, in 
► which large crystals then form, till the whole is converted into a mass of crystals 
(Fritzsche, J. pr. Chem. xviii. 479). The 6-hydrate forms flat roseate or deep 
reddi&h-yellow crystals, which fuse readily, and solidify again at 42° ; they absorb 
water from the air very rapidly, and with evolution of heat (Fritzsche). When the 
crystals a and 0 are shaken together, a slight fall of temperature takes place, and a 
liquid is obtained — the same as that produced by imperfect evaporation of the crystals 
a — which produces great heat when mixed with water (Fritzsche). 1 at. ferric 
chloride dissolved in 9 at. water yields a liquid, which is identical with the Oleum 
Martis of the older chemists (as obtained by deliquescence of the solid chloride in tho 
air), has a density of 1*646, and refuses to crystallise. Hence there are two solutiors 
of ferric chloride in water to be distinguished ; one containing more than 6 and less than 
12 at., the other containing more than 12 at. water. 

Hex-hydrate , Fo 2 Cl a .6H 2 0 (with 25 per cent, water)? — The hydrate is obtained, 
according to Wittstein, by leaving a solution of ferric chloride concentrated to a density 
of 1*60 in a covered plate, standing in a cool place, till it solidifies to a mass of 
rhombic plates ; also by evaporating to a syrup and leaving it in a covered vessel in a 
warm place. According to Gobley, Mohr, and Fritzsche, however, highly concentrated 
solutions of ferric chloride always yield the ^-hydrate. 

Hydrated ferric chloride dissolves easily in alcohol and ether, forming yellow solu- 
tions, in which, however, if exposed to light or heat, especially in the ethereal solution, 
it is easily reduced to ferrous chloride. Ether abstracts it from tho aqueous 
solution. 

Ferric chloride is also easily reduced to ferrous chloride by zinc, stannous chloride , 
sulphurous acid, sulphydric acid , &c. Hydriodic acid reduces the concentrated, but 
not very dilute solutions of ferric chloride. Silver and platinum , immersed in the solu- 
tion, are converted into chlorides, reducing the ferric to ferrous chloride. The reduction 
is likewise effected by many organic bodies. The reducing action of tartaric acid on 
ferric chloride has been applied to photographic purposes byPoitevin. (Compt rend, 
lii. 94.) 

A concentrated acid solution of ferric chloride yields by electrolysis , ferrous chloride 
at the negative pole, while chlorine, and a small quantity of oxygen are evolved at the 
positive pole. Liebig has suggested the use of this solution, instead of nitric acid, 
m the zinc-carbon battery ; the zinc, according to Buff^should then be immersed in 
solution of common salt. Such a circuit is, however/rjess powerful than that of 
Bunsen. 

Ferric chloride is much used in medicine ; it is a powerml styptic, and is employed 
in the treatment of aneurisms and varicose veins. A few drops of the aqueous solution 
quickly coagulate albumin. (Handw. d. Chem. ii. [3] 607.) 

Basic Ferric Chloride , or Ferric Oxychloride. — When a solution of ferric chloride is 
evaporated, hydrochloric acid, resulting from mutual decomposition of the ferric chloride 
and water, is always given off at a certain degree of concentration ; at the same time a 
certain quantity of undeoomposed ferric chloride volatilises, and a basic salt is left, 
consisting of ferric chloride with more or less ferric hydrate. The stronger the con- 
centration, the greater is the quantity of basic salt in the residue. The evaporated 
mas no longer dissolves clearly in water, unless hydrochloric acid is added to reconvert 
the ferric hydrate into chloride. If the temperature be raised very high during the 
evaporation, a considerable quantity of ferric chloride is evolved, and a highly basic 
insoluble salt remains behind. A solution of ferric chloride heated to 300° in a sealed 
tube, deposits ferric oxide. (S e n a r m o n t.) 
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Insoluble fepic oxychlorides of variable constitution are likewise obtained by ax* 
posing a solution of ferrous chloride to the air ; bj precipitating a solution of fas 
chloride with a quantity of alkali not sufficient to take up the whole of the chlorine; 
and by roasting iron in contact with metallic chlorides, chloride of sodium for example^ 
all these compounds when heated, give off water, and afterwards feme chlo rid e, leaving 
ferric oxide. 

Soluble ferric oxychlorides, or basic chlorides, are obtained by adding reoently pre- 
cipitated ferric hydrate to aqueous ferric chloride. The hydrate dissolves in consider- 
able quantity, and a deep red solution is formed, containing from 5 to 6 or 7 molecules 
of ferric oxide to 1 molecule of the chloride. The solutions may be heated or diluted 
with water without decomposing ; those which contain the larger quantities of oxide 
deposit a portion of it, however, on the addition of certain salts, and when evaporated^ 
leave residues which do not redissolve in water. Compounds containing not mom 
than 10 at. Fe*0* to 1 at. Fe*Cl* are, on the contrary, perfectly soluble in water aftec 
evaporation. (Phillips, Phil. Mag. [3] viii. 406; Ordway, Sill. Am. J. [2] xxvi. 
197; B 4 champ, Ann. Ch. Phys. [3] lvi. 306; lrii. 296.) 

Ferric chloride forms with chloride of cyanogen , the compound Fe , Cl < .2CyCl l already 
described (ii. 279). It unites directly with pentachloride of phosphorus, forming the 
compound Fe*Ci*.2PCl\ also produced by the action of pentachloriae of phosphorus ox 
ferric oxide. It is a brown substance, which melts easily, but is difficult to volatilise. 
(Weber, Pogg. Ann. evii. 375.) 

Ferric chloride unites with the chlorides of the alkali-metals, forming double chlorides : 
among which the ammonium salts are the most stable. 

Ferrico-ammonic chloride , 4NH 4 Cl.Fe 2 Cl u . 21 TO. — A solution of sal-ammoniac in a 
large excess of ferric chloride, when evaporated over oil of vitriol within a receiver 
containing air, yields garnet-coloured monoclinic crystals, which may easily bo mistaken 
for regular octahedrons ; they are not decomposed by water, like the corresponding 
compound of chloride of potassium (Fritzsche, J. pr. Chem. xviii. 484). By slowly 
evaporating a mixture of this nature, L. Gmelin obtained very deliquescent rectan- 
gular octahedrons, having two of the basal edges and four of the basal summits 
truncated. 

A solution of from 3 to 24 pts. of sal-ammoniac and 1 pt. of ferric chloride in water, 
yields, on evaporation, roseate transparent crystals, which, according to Geiger, are 
acute rhombohedrons when they contain a medium quantity of iron, but obtuse when 
the proportion of iron is either very small or very large; according to Marx also 
(Schw. J. liv. 304) they appear to be made up of a very great number of small cubes 
not quite regularly grouped together, whereby the cubical shape is somewhat altered. 
The quantity of iron is small and variable. If 24 pta. of sal-ammoniac are used to 1 
pt. of the ferric chloride, the crystals contain 0*85 per cent, of ferric chloride ; if 14 pts. 
of sal-ammoniac are used, they contain 193; and with 3 sal-ammoniac, they contain 
5' 12 per cent, of ferric chloride. The mother-liquor of the last-mentionefl crystals 
yields, on further evaporation, brown-red crystalline granules, containing 5*76 per cent, 
of ferric chloride (Geiger). When 10 pts. sal-ammoniac have been used with 1 pt. 
ferric chloride, the crystals contain 0 86 per cent of tho latter (Winckler, Repert. 
Pliarm. lxvii. 155). The crystals, when heated, become yellow and opaque, and evolve, 
first sal-ammoniac, and afterwards ferric chloride. They dissolvo in 3 pts. of cold 
water; those in which the proportion of ferric chloride does not exceed 5'12 per cent., 
become moist only in damp air; thoso which contain 575 per cent. Fe*Cl, become 
moist even in dry air (Geiger, Repert. xiii. 422). When their aqueous solution is 
evoporated, sal-ammoniac crystallises out, nearly pure at first, but afterwards con- 
tinually richer in iron, being first yellow and then rod, and there remains a mother- 
liquid richer in iron. 

To these mixtures of ferric chloride and sal-ammoniac belong tho Ferruginous 
Flowers of Sal-ammoniac , Flores Salis-ammoniaci on ar Halts. These are obtained ; — 

1- By subliming 16 pts. sal-ammoniac with 1 pt. ferric oxido, whereupon ammonia is 
evolved : or with 1 pt. iron filings, in which case hydrogen is set free and protochloride 
of iron and ammonium is produced ; the latter, however, if tho air has moderately 
free access to it, is converted into ferrico-ammonic chloride, while ferric oxide is left 
behind. — 2. By subliming a mixture (obtained by evaporation) of 1 2 pts. sal-ammoniac, 
and ferric chloride prepared from 1 pt. of iron filings. — 3. By dissolving 16 pts. sal- 
ammoniac and 1 pt. ferric chloride in water, and evaporating to diyness. Some phar- 
Tn acopoeiaa, however, direct the preparation of the crystals above described. The 
product is a yellow saline which is yellower and more deliquescent in proportion 
as it is richer in iron. 

Ammonio-irichloride of Iron , 2NH*.Fe*Cl*, or Chloride of Ferricum and Ferric - 
V 'tmonium, NH*feC1.2feCl. — Ferric chloride slowly absorbs ammonia gas at common 
temperatures, with slight evolution of heat, but without alteration of external appear-. 
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anee. Part of the compound volatilises undecomposed when heated ; the rest leaves 
ferrous. chloride. It deliquesces in the air, but not so quickly as pure ferric chloride. 
When thrown into water in considerable quantities, it dissolves with a hissing noise 
and forms a dark red transparent solution. (H. Rose, Pogg. Ann. xxiv. 302.) 

Ferrico-potassic Chloride , 4KCl.Fe , Cl*.2H*0. — A solution of chloride of potassium in 
ereess of ferric hydrochlorate evaporated under a bell-jar over oil of vitriol, yields small 
yellowish-red monoclinic crystals. A small quantity of water extracts chloride of iron 
from them, and leaves crystals of chloride of potassium undissolved, as may be seen by 
examination with the microscope. A larger quantity of water dissolves the whole ; 
bnt, on evaporation, colourless crystals of chloride of potassium separate out first, and 
afterwards coloured crystals of the ferrico-potassic chloride; ana at this degree of 
concentration, the crystals of chloride of potassium redissolve without any warming or 
stirring, and are reconverted into crystals of ferrico-potassic chloride. (Fritz sc he, 
J. pr. Chem. xviii. 483.) 

Pcrrico-sodic Chloride melts at 200°, forming a very mobile liquid. (Deville.) 
Ferrico-ammonio-potassio-sodic Chloride — 4(NH < ; K; Ka)Cl.Fe 2 Cl*.2H J 0 (containing 
12*1 per cent, potassium to 6*2 ammonium and 0*16 sodium) — is found, together with 
sublimed ferric chloride, in the craters of volcanos, and remains, after the removal of 
the ferric chloride by deliquescence, in ruby-red regular octahedrons, which may be 
dried over oil of vitriol. It is very deliquescent, and difficult to reciystallise without 
decomposition. (Kremers, Pogg. Ann. lxxxiv. 79.) 

now, CTairiDES OF. (See Cvanidbs, ii. 221.) 

XRON, DETECTION AND ESTIMATION OP. — 1. Blow-pipe re- 
actions. — Iron-salts fused in small quantity, with borax on platinum wire in the 
outer flame, colour the bead yellow while hot, the colour disappearing on cooling. 
With a larger proportion of iron, the bead is red while hot, and yellow after cooling. 
In the inner flame a bottle-green glass is produced. With phosphorus-salt, when a 
moderate quantity of iron-salt is added, the bead is reddish-yellow in the outer flame 
while hot, becoming yellow as it cools, then green, and finally colourless. With a 
large proportion of iron, the bead is deep red while hot, becoming red-brown and dirty 
green as it cools, and reddish-brown when quite cold. The colours change by cooling 
much more quickly than those of the borax bead. These reactions are common to 
ferrous and ferric compounds (H. Rose). Ferrous oxide in minerals may be specmlly 
distinguished by heating the substance for a very short time in the inner flame with 
a bead of borax coloured pale blue by a small quantity of oxide of copper ; the ferrous 
oxide then reduces the cupric oxide to cuprous oxide or metallic copper, which forms 
red spots on the bead. The heat must not be too long continued, as in that case 
ferric oxide, if present, would be reduced to ferrous oxide, which would then produce the 
reaction just mentioned. To check this result, a portion of the substance may be heated 
for a moment in the oxidising flame with a new borax bead containing copper ; the 
bead will then assume a pale green colour if ferric oxide is present, whereas ferrous 
oxide would produce the red spots in this case also. (Chapman.) 

2. Reactions in Solution. 

Some compounds of iron are soluble in water, and the greater number are soluble in' 
acids ; many, however, especially native ferric oxide, and the artificially prepared oxide, 
after strong ignition, require prolonged boiling with strong hydrochloric acid to dissolve 
them. The solution of many iron ores, ana of ferric oxide in a state of very dense 
aggregation, may be facilitated by addition of zinc or stannous chloride, which reduces 
the ferric to ferrous oxide. Many iron ores can be rendered soluble only by fusing them 
with alkaline carbonates ; some only by fusion with acid si&hate of potassium or sodium. 

Iron usually exists in solution as a ferric or ferrous sariJSr partly in one state, partly 
in the other ; rarely as ferric acid, on account of the great instability of the salts of 
that acid. 

Ferric salts in solution are mostly yellow or reddish-yellow, more rarely (as in 
the case of the iron-alums) colourless or pale violet. Svlphydric acid gas passed into 
the neutral or acid solution of a ferric salt reduces it to a ferrous salt* with precipitation 
of sulphur, thus: 

Fe*Cl* + H*S - 2HC1 + 2FeCl* + S. 

In a solution of neutral or basic ferric acetate, however, sulphydric acid forms a black 
precipitate of sulphide of iron ; if, on the other hand, the liquid contains free acetic 
acid, nothing but a milky precipitate of sulphur is produced. 

Sulphydrate of ammonium produces, in neutral solutions of ferric salts, a black 
precipitate of sulphide of iron insoluble in excess of the precipitant, and becoming 
red-brown by oxidation in contact with the air. If the quantity of iron present is very 
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minute, no precipitate is forced at first, but the liquid acquires a men colour, and if 
kept for some time in a closed vessel, deposits sulphide of iron in black flocks. 

Alkali e and alkaline carbonates produce a red-brown precipitate of ferric hydrate 
insoluble in excess of either of these reagents. 

The carbonates of barium, strontium , and calcium, shaken up with a ferric solution, 
likewise form a precipitate of ferric hydrate. 

Phosphate of sodium forms a white precipitate of ferric phosphate, which is turned 
red-brown by alkalis, dissolves easily in nitric or hydrochloric acid, but is insoluble in 
acetic acid. 

Ferrocyanide of potassium forms a deep blue precipitate of Prussian blue, insoluble 
in but dissolving in alkalis, with separation of ferric oxide. If the quantity of 

iron present is very small, the precipitate appears green, or the liquid merely acquires 
a green colour, and deposits blue flocks on standing. 

Ferricyanide of potassium forms no precipitate, but changes the colour of the liquid 
to greenish-brown. If the least trace of a ferrous salt is present, a blue precipitate is 
produced. 

Sulphocyanate of potassium changes the colour of ferric salts to deep blood-red, the 
coloration being very decided even in extremely dilute solutions : this is, in fact, the 
most delicate of all tests for the presence of iron in the ferric state. The red colour is 
not modified by addition of a small quantity of hydrochloric acid ; but a large quantity 
nearly destroys it. A certain quantity of nitric acid destroys it completely after a 
while, and it is not restored by subsequent addition of the ferric salt. The red colour is 
also destroyed by oxalic, iodic, phosphoric, and arsenic acids, but reappears on again 
adding a solution of a ferric salt Ammonia instantly decolorises the red solution and 
precipitates ferric hydrate. Sulphide of ammonium forms a black precipitate of ferric 
sulphide. 

Infusion of galls colours ferric solutions deep blue-black, and renders them turbid. 
The precipitate is dissolved and the colour destroyed by free acids. 

Ferric salts are easily reduced to ferrous salts by various de-oxidising agents ; as by 
sulphydric acid, as already mentioned; by sulphurous, hyposulphurous, and phosphorous 
acids ; by stannous chloride ; by metallic iron, and even by silver at the boiling 
heat. 

The reactions with sulphide of ammonium, alkalis, ferro- or ferri-cyanido of potas- 
sium, and sulphocyanate of potassium, serve to distinguish ferric salts from all other 
metallic salts. 


Solutions of ferrous salts have a bluish -green or bluish colour, and, when 
exposed to the air, take up oxygen and are converted wholly or partially into ferric 
salts ; and unless a sufficient excess of acid is present to form a neutral feme salt with 
the quantity of iron present, part of the iron is precipitated in the form of a yellow- 
brown basic salt. They are likewise converted into ferric salts by aerated water, by 
hypochlorous acid, nitric acid , and by easily reducible metallic oxides and salts, such 
as those of silver , gold, and mercury . When nitric acid is the oxidising agent, the 
nitric oxide separated from it does not escape from the liquid at ordinary temperatures, 
so long as anv portion of ferrous salt remains unoxidised, but remains dissolved, forming 
a dark greenish-brown solution. . 

A concentrated solution of ferrous sulphate or chloride placed in the circuit of a 
powerful voltaic battery, deposits metallic iron in small granules on the negative 
platinum wire. If the positive wire is dipped into a solution of common salt separated 
from the iron solution by moist clay, the iron is obtained in glittering crystals which 
exhibit magnetic polarity (Becquerel). Zinc immersed in a perfectly neutral solution 
of ferrous sulphate or chloride contained in a stoppered bottle, throws down metallic 
iron (together with oxide) which is deposited partly on the zinc, partly on the con- 
tiguous side of the glass. (Fischer, Pogg. Ann. ix. 266.) 

Sulphydric acid forms no precipitate in a solution of ferrous salt containing an excess 
of one of the stronger mineral acids, but from a solution containing only a weaker acid, 
such as carbonic, oxalic, tartaric, or acetic acid, it precipitates part of the iron, in the 
form of a black hydrated ferrous sulphide, the precipitation in the three last-mentioned 
salts going on only till a moderate portion of acid is set free ; the same reagent pre- 
cipitates ferrous benzoate, and even, to a slight extent, the sulphate and chloride, if 
the acids are completely saturated with base, krom the sulphate or chloride mixed 
with acetate of potassium, it throws down a considerable portion of the iron, but not 
the whole, even when the acetate is in excess. The black precipitate acquires a rusty 
brown colour by exposure to the air. It dissolves readily in hydrochloric or sulphuric 
acid, and likewise in a large quantity of acetic acid, provided it docs not contain excess 
of sulphur. — The same precipitate, but containing the whole of the iron, is produced in 
all ferrous salts, on the addition of an alkaline sulphydrate, and it is not soluble in an 
excess of the reagent. A very dilute iron-solution to which sulphydrate of ammonium 
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is added, assumes a green colour, from the presence o£ iron-sulphide in a state of 
suspension. 

Fixed caustic alkalis completely precipitate t$e iron in the form of a -white hydrate, 
which, by exposure to the air, acquires a dingy-green and afterwards a red-brown 
colour. — Ammonia throws down part of the iron in the form of hydrate, the rest 
remaining dissolved in the liquid, which, when exposed to the air, becomes covered 
first with a green and afterwards with a brown film. If the ferrous salt is previously 
mixed with sal-ammoniac, ammonia yields no precipitate, but forms a pale-green 
mixture which exhibits similar appearances on exposure to the air. 

Monocarbonate of potassium or sodium, and sesquicarbonate of ammonium, throw 
down white ferrous carbonate, which soon acquires a green and afterwards a brown 
colour by exposure to the air, and, if sal-ammoniac be added, dissolves in the liquid, 
which then exhibits a green, and subsequently a brown turbidity on exposure to the 
air. Acid carbonate of potassium or sodium forms the same precipitate, with evolution 
of carbonic anhydride ; but, if the solutions are dilute, a clear mixture is formed, which 
deposits ferrous carbonate on boiling, and on exposure to the air yields a precipitate 
of ferroso-ferric hydrate. — The carbonates of alkaline earth-metals do not precipitate 
ferrous salts. (Fuchs.) 

Phosphate of sodium precipitates white ferrous phosphate, which acquires a bluish- 
green colour by exposure to the air. — Arsenate of sodium precipitates white ferrous 
arsenate, which becomes dingy-green on exposure to the air. 

Oxalic acid and acid oxalate of potassium communicate a yellow colour to ferrous 
salts, and, after a while, throw down yellow ferrous oxalate, the precipitation being 
immediate when an alkaline oxalate is used. 

Ferroeyanide of potassium forms a precipitate which is white, if the solution has 
been perfectly freed from air by boiling and the iron-salt is absolutely free from ferric 
oxide, but otherwise bluish-white: by exposure to the air, this precipitate is con- 
verted into Prussian-blue. Ferricyanide of potassium gives a deep blue precipitate 
(ii. 244), even in very dilute solutions. 

Sulphocyanate of potassium neither alters the colour of ferrous solutions, nor forms 
any precipitate in them. 

Tincture of galls neither colours nor precipitates ferrous salts when they are quite 
free from ferric oxide ; but the mixture acquires a violet-black colour on exposure to 
the air. 

The precoding reactions, especially those with the alkalis, and with ferroeyanide, 
ferricyanide, and sulphocyanate of potassium, afford marked distinctions between 
ferrous and ferric salts ; it is but rarely, however, that forrous solutions can be obtained 
so pure as to give the reactions exactly as they are above described, exposure to the 
air for a very short time being sufficient to convert a portion of the ferrous into ferric 
Balt : hence the precipitate formed by ferroeyanide of potassium is generally somewhat 
bluish, and those formed by the alkalis have more or less of a dark -green tinge. 
The best way of obtaining a solution of iron quite free from ferric suit, is to immerse 
a few pieces of bright iron wire in aqueous sulphurous acid : a mixture of ferrous 
jBiUphi te and hyposulphite is then formed, which gives a perfectly white precipitate 
with ferroeyanide of potassium. 

Solutions containing both ferrous and ferric salts, such as are obtained by dissolving 
Magnetic oxide of iron in hydrochloric acid, of course give reactions intermediate 
between those of pure ferrous and pure ferric salts ; in particular, they give blue pre- 
cipitates both with ferroeyanide and with ferricyanide of potassium ; the formation of 
both these precipitates in a solution obtained by dissolving a mineral in hydrochloric 
or sulphuric acid, without the addition of any oxidising agent, such as nitric acid, 
may be taken as an indication that the mineral contaifija mixture or compound of 
ferrous and ferric oxides. From such mixed solutions, ferric oxide may be pre- 
cipitated by means of carbonate of barium, while the -forrous oxide will remain in 
solution. 

For the reactions of iron in the state of ferric acid, see ii. 637. 

3. Quantitative Estimation of Iron* 

Iron is always estimated by weight in the form of ferric oxide. If the solution con- 
tains ferrous oxide, either alone or mixed with ferric oxide, it is first boiled with a 
sufficient quantity of nitric acid to convert the whole of the ferrous oxide into ferric 
oxide, and then treated with ammonia in excess to precipitate the latter. The precipi- 
tate is collected on a filter, washed, dried, and ignited at a moderate red heat ; too 
high a temperature expels a portion of the oxygen. Every 10 pts. of pure ferric 
oxide correspond to 7 pts. of metallic iron. In some cases, however, it is necessary 
to use potash as the precipitant In that case, the precipitated ferric oxide is reiy apt 
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to carry down with it a portion of the potash, which is exceedingly difficult to remove 
by washing. It is best therefore, after having washed it two or three times with hot 
Water, to redissolve it in acid and precipitate by ammonia. In other cases, as when the 
solution contains organic matter, the iron must be precipitated by sulphide of ammonium, 
because such substances prevent the precipitation of the oxide. To ensure complete 
precipitation, the liquid, after being mixed with excess of sulphide of ammonium, should 
be left for some time in a covered vessel standing in a warm place till it becomes quite 
colourless or yellow, then filtered as quickly as possible, protecting it from the air, and 
the precipitate washed with water containing sulphide of ammonium. The precipitated 
sulphide is then dissolved in nitric acid, and the iron precipitated by ammonia as before. 

If the iron is mixed or combined merely with volatile or with easily combustible 
substances, its amount may be determined by simple ignition in contact with the air ; 
all the volatile and combustible matters will then be driven off or burnt away, and the 
iron will be left in the form of ferric oxide : to ensure its complete conversion into 
this oxide, however, the residue should be moistened with nitric acid, and heated 
again. 

An indirect method of estimating iron, given by Fuchs (J. pr. Chem. xvii. 160), 
depends upon the fact that metallic copper does not dissolve (or dissolves but very 
slowly, and only when finely divided, ii. 40) in hydrochloric acid, if kept from contact 
with the air, but when boiled with ferric chloride, it dissolves, with formation of 
ferrous and cuprous chlorides : 

Fe*Cl« + Cu 3 - 2FeCl 2 + Cu*Cl*. 


The solution of ferric chlorido mixed with excess of dilute hydrochloric acid and 
diluted with water, is boiled in a flask, and clean copper-foil, not too thin (from 15 to 
20 pts. copper to 2 or 3 pts. ferric oxide), is completely immersed in the liquid ; the 
flask is closed with a perforated cork, having a narrow glass tube passing through it, 
and the liquid is boiled till it becomes permanently bluish-groen or colourless. It is 
then left to cool with the flask closed; decanted from the undissolved copper; this 
copper washod by repeated affusion with hot water, and decantation, then dried botween 
bibulous paper, and finally by heat, taking care not to mb it, and weighed. The loss 
of weight multiplied by 0*883 gives the quantity of iron in the solution : for each atom 

of copper ( = 63*4) represents 1 at. iron ( ~ 56) in the solution, and ■- - 0*884. Or 

R0 

the loss of weight multiplied by - = 1*261 will give the quantity of ferric oxide 

in the solution. To ensure the complete reduction of the ferric to ferrous chloride, 
it is essential that the air bo entirely excluded from the vessol, and therefore that the 
boiling be kept up uninterruptedly till the liquid has become colourless. 

Silver in the spongy state may also be used to reduce the ferric chloride. The 
pnxlucts of the reaction are forrous chloride, which remains in solution, and chloride 
of silver, which mixes with tho metallic silver, and increases its weight. As in this 
reaction, each atom of chlorino that enters into combination with tho silvor correspond# 
to 1 at. iron (Fe 2 Cl® + Ag* = TFeCl* + 2AgCl), the increase of weight multiplied by 

1‘ 57 74 gives tho quantity of iron in tho solution ; or « 2*2535 give# 
36*5 35 o 

the quantity of ferric oxide. 

The method of reduction by copper or silver may be applied to determine tho quaft~ 4 
tities of ferrous and ferric oxides, when they exist together in solution. The quantity 
of ferric oxide, or of iron existing as ferric salt, is first determined as above, fho 
ferrous salt present not interfering with the reaction. It is necessary, however, to 
guard against the conversion <jf the ferrous into feme salt by atmospheric oxidation t 
for which purpose it is best to perform the determination in an atmosphere of nitrogen 
or carbonic anhydride. Another portion of the solution is then treated with chlonne 
to convert the ferrous salt contained in it into feme salt, and m this solution the total 
quantity of iron is determined by the same method. The difference of the two deter* 
mi nations gives the quantity of iron existing as ferrous salt. 

Ferrous and ferric oxides may likewise be separated by means of carbonate of barium 
or carbonate of calcium, which precipitates ferric oxide from slightly acid solutions, 
but not ferrous oxide. It is necessary to have the solution slightly acid, since if it is 
perfectly neutral, a small quantity of ferrous oxide may likewise be precipitated. ^ The 
solution, which should be slightly warmed, is shaken up with recently preci pitate d 
carbonate of barium (which acts more quickly than carbonate of calcium), in a.corked 
flask filled with carbonic anhydride; then left to stand, and shaken up again from 
time to time, till it become quite colourless, afterwards filtered, and the precipitate 
washed, always in an atmosphere of carbonic anhydride. The precipitate, consisting 
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of carbonate of barium mixed with ferric hydrate, is dissolved in dilute hydrochloric 
acid, the baryta precipitated by sulphuric acid, ^pd the ferric oxide from the filtrate 
by ammonia. This determines the quantity of iron existing in- the solution as fcrri- 
cum. To find the quantity existing as ferrosum, the liquid filtered from the precipi- 
tate of .carbonate of barium and ferric oxide is boiled with nitric acid, to convert, the 
ferrous into ferric salts, then freed from baryta by sulphuric acid, and the iron is pre- 
cipitated as ferric, oxide by treating the filtrate with ammonia. Or another portion 
of the original solution may be treated with nitric acid, to bring all the iron into the 
ferric state, and the total quantity of iron determined by precipitation with ammonia. 
The difference of the two determinations will then give the quantity of iron existing 
as ferrosum. 

Anhydrous ferroso-ferric oxides may be analysed by dissolving them in nitric or 
nitromuriatic acid, and precipitating, the iron as ferric oxide by ammonia. The 
proportions of iron and oxygen are thus determined, whence the formula may be 
calculated. 

Volumetric estimation of iron. — When iron is contained in a solution as ferrous 
oxide or ferrous salt, it may be estimated by determining the quantity of an oxidising 
agent required to convert it into ferric oxide ; if, on the other hand, it is present as 
ferric oxide, the estimation may be made by measuring the quantity of a reducing 
agent required to bring it to the state of ferrous oxide. 

1 . Methods dipending on oxidation. — The reagent most generally employed for 
converting ferrous into ferric oxide in volumetric analysis is permanganate of potassium. 
The method of applying it is fully described in the article Analysis, Volumetric 
(i. 263). — If the iron in the solution under examination is present wholly as ferrosum, 
the method is directly applicable ; if, on the contrary, the iron is present wholly or 
partly as ferricum, it must first be brought to the ferrous state by heating it with 
sulphurous add or sulphite of sodium, or better with a few grains of pure zinc. In a 
mixture of ferrous and ferric salts, the ferrosum may be determined by treating one 
portion with the permanganate directly, and another after reduction of the ferric salt 
in the manner just described. 

Acid chromate of potassium may also be used for the volumetric estimation of iron, 
and has the advantage of not varying in strength when its solution is kept in well 
closed vessels. The reaction between ferrous oxide and chromic acid may be repre- 
sented by the equation : 

200* + 6FeO » 3Fe a 0» + Cr'O* 

Chromic Chromic 

anhydiide. oxide. 

whence we find that 1 grm. of iron requires 0 8849 grms. of acid chromate of potassium, 
K 2 0.2Cr0*, to convert it from ferrous into ferric oxide. If, then, 8 849 grms. of 
the pure acid chromate are made into a litre (1000 cub. cent.) of solution, 100 cub. 
cent, of this solution will correspond to exactly 1 grm. of iron. The solution of the 
acid chromate is slowly added to the acid ferrous solution till a drop of the liquid no 
longer forms a blue precipitate with red prussiate. (Penny, Chein. Gaz. 1850, 
p. 699.) k . 

Bunsen (Ann. Ch. Pharm. lxxxvi. 288) adds to the ferrous solution mixed with 
hydrochloric acid, a weighed quantity of acid chromate, more than sufficient for the 
complete oxidation of the ferrous salt, passes the chlorine evolved on heating, into a 
solution of iodide of potassium, and estimates the quantity of iodine thus liberated by 
the method described under Analysis, Volumetric (i. 266). If no ferrous oxide 
were present, 1 at. K 2 0.2Cr0* would give 3 at. chlorine; &nd therefore 3 at. iodine; 
but as a portion of the chlorine is used up in converting the ferrous into a ferric salt, 
there will be 1 at. less of iodine set free for every 1 at%on present as ferrous salt. 
The quantity of iron x will therefore be given by the fonkrala : 


„ 3Fe 
* _ P0550f ,? 




where p denotes the weight of acid chromate used, and a , », t, V have the same signifi- 
cations as in the article gust cited. 

For the exact estimation of iron in cast iron, iron ores, &c., Mohr uses two titrated 
solutions, one containing 8785 grms. of the acid chromate in a litre, therefore 1 cub. 
cent.. » 0*01 grm. iron ; the Becond diluted ten times as much, therefore 1 cub. cent. 
» 0*001 grm. iron. A quantity of the substance, containing about 1 grm. of pure iron 
(that is to say 1*05 grm. pig iron, or 2 00 grms. iron ore* supposing the latter to con- 
tain about 60 per cent, iron) is then weighed out, and dissolved in hydrochloric acid ; 
the whole of the iron in solution is brought to the ferrous state by reduction with zinc, 
&c. ; the solution is then mixed with 100 cub. cent, of the stronger solution of chromate 
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and the more dilute solution is afterwards added from a burette, till the liouid no 
longer give* a blue colour with ferricyanide of potassium. ^ 

Or 1 grm. of the carburetted iron is dissolved in acid, See, ; the solution is mixed 
with 100 cub. cent, of the stronger chromate -solution ; and as an excess of the latter is 
then present, it is titrated backwards with a graduated acid solution of ferroso-ammonic 
sulphate (1 litre of this solution containing 7000 grms. of the crystallised salt 
(N H 4 )*Fe"(S0 4 ) 8 .6H*0, together with a small quantity of free sulphuric acid, so that 
1 cub. cent — 0*001 grm. iron), till a blue colour is produced on addition of ferricyanide 
of potassium. The number of cubic centimetres of this iron-solution used must of course 
be deducted, as so many milligrammes of iron. (Mohr, Dingl. pal. J. dir. 124.) 

2. Methods depending on Reduction. — Strong (Pogg. Ann. xciv, 498) dissolves the 
metal or ore to be valued in boiling hydrochloric acid ; oxidises, if necessary, with 
chlorate of potassium ; dilutes with cold water, after expelling the free chlorine, and 
mixes tho solution with excess of iodide of potassium, whereby iodine is set free : 

Fe*Cl« + 6KI « 2FeI* + 6KC1 + I* 

A dilute titrated solution of stannous chloride is then added — whereby the brown colour 
of the solution is rendered lighter— and whon only a small quantity of iodine remains 
id tho free state, some clear starch-solution j then more stannous chloride, by drops, 
till tho blue colour disappears. If the tin-solution has been titrated with acid chro 
mate of potassium, the percentage of metallic iron is given by tho formula: 

_10(K6Fe . c_ CG 
A.(K*0.2CrO s ) * ~f' 

wneroe denotes the quantity of acid chromate in 1 c.c. of tho standard solution of that 
salt, G the number of cubic centimetres of tin-solution added to produce decoloration, 
g the number of cubic centimetres of the same tin-solution used in determining its 
strength, C the number of cubic centimetres of the chrome-solution used to oxidise the 
g cub. cent, of tin-solution, and A the quantity of iron or ore dissolved. 

Mohr (Ann. Ch. Pliarm. cxiii. 257) after bringing tho whole of the iron to the state 
of ferric chloride (by treating the solution of ferrous chloride with artificially propared 
peroxide of manganese, and boiling to expel free chlorine), adds a small quantify of 
hulpliooyanate of potassium, and then a standard solution of stannous chloride, till the 
red colour disappears, the tin-solution having been previously titrated with a solution 
of pure ferric chloride. Or the solution of ferric chloride under examination is mixed 
with starch and iodide of potassium heated to 60° or 60°, and the standard tin-solution 
fidded till the colour disappears. Frosenius uses a solution of stannous chloride of 
such a strength, that from 50 to 100 c.c. are required to reduce 1 grm. of pure iron 
' 1 003 grm. harpsichord-wire) from ferric to ferrous chloride. He dissolves the iron or 
iron -compound in hydrochloric acid, oxidises with chlorate of potassium, and adds to the 
dowly but continuously boiling liquid, after all tho free chlorine has been expelled, a 
paint ity of standard tin-solution rather more than sufficient to decolorise ft. The 
■oolod liquid is then mixed with starch-solution ; and a solution of iodine and iodide 
:*f potassium (containing about 0 005 grm. iodine in a litre), previously titrated 

i gainst the tin-solution, is added till a permanent blue colour is produced. The quantity 

>f this iodine-solution required for the purpose gives the excess of tin-solution pro* 
lously added. x 

Iu using a solution of stannous chloride for the estimation of iron, it is essential 
liat the water with which the iron-solution is diluted bo free from Air; otherwise a 
xjrtion of the stannous salt will bo oxidised thereby. 
vVhen ferric chloride is brought in contact with hyposulphite of sodium , tetrathionutc 
, N * K ”“ ra is formed, together with chloride of sodium and ferrous chloride, but no 
ulphurie acid : 

Fe*Cl* + 2Na*S’O t - 2FeCl* + 2NaCl + Na*S*0«. 

Hyposulphite TVtrathlonats 

of sodium. or sodium. 

to this equation, 248 parts crystallised hyposulphite of sodium 

S*0* 6H*0) correspond with 162 5 pts. ferric chloride; or 100 pts. iron, present as 
>r T* cu ™» require for reduction to ferrosum, 44 2*9 pts. of the crystallised hyposulphite. 
Mohr ( loc . cit .) uses hyposulphite of sodium in the same way as stannous chloride, 
solution of ferric chloride with iodide of potassium, a little hydrochloric 
cid and starch-paste, heating it to 50°-60°, and adding the standard solution of 
yposulphite till the blue colour disappears. 

|he»e reduction-processes may also be used for determining the proportions of ferric 
no ferrous salt existing in the same solution, one portion of the solution being titrated 
> its original state, another after all the iron has been converted into ferric salt; the 
i ©fence gives the amount of iron existing as ferrous salt, 

hi. c o 
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4 . Separation of iron from otfof etemeiiifi. 

From all metals of the first group (i. 217), iron is easily separated by tulpkydrie 
acid, which throws down all those metals, leaving the iron in solution. The filtrate, 
which contains the iron in the form of ferrous salt, must then be heated with nitric 
acid to oxidise the iron, which may afterwards be precipitated by ammonia. 

The separation of iron from the metals of the second group, which are not precipitated 
by sulphydric acid from acid solutions, but are precipitated, together with iron, by 
sulphide of ammonium from neutral or alkaline solutions, is more difficult. 

From manganese (present as manganous salt) and from zinc, iron is most 
effectually separated by succinate or benzoate of ammonium. The solution, after all 
the iron has been brought to the state of ferric salt, is mixed with a sufficient quantity 
of sal-ammoniac to hold the manganese or zinc in solution, and very carefully neutralised 
with ammonia ; it is then treated with benzoate or succinate of ammonium, which throws 
down the iron as ferric benzoate or succinate, leaving the manganese or zinc in solu- 
tion. The precipitate is washed, .dried, and ignited in an open platinum crucible, so 
that the air may have sufficient access to it, to prevent any reduction of the iron by 
the carbon of the organic acid. Should such reduction take place, the iron must be 
reoxidised by nitric acid. The success of this mode of separation depends entirely on 
the care with which the acid in the solution is neutralised with ammonia before adding 
the benzoate or succinate. If too much ammonia has been added, manganese or zinc 
goes down with the iron ; if too little, a portion of iron remains in solution. The 
addition of ammonia should be continued till a small quantity of ferric oxide is pre- 
cipitated, and does not redissolve on agitation. The supernatant liquid has then a 
deep brown colour, the greater part of the iron being still in the solution. 

The separation of iron (as ferricum) from manganese and zinc may also be effected 
by agitating the solution with carbonate of barium (as in the separation of ferric from 
ferrous oxide, p. 383), which precipitates the iron as ferric oxide, leaving the other 
metals in solution. 

According to J. Schiel (Sill. Am. J. [2] xv. 275) manganese may be separated 
from iron by mixing the solution with acetate of sodium , and passing chlorine through 
it, which throws down the manganese as peroxide. 

Zinc may be separated from iron (ferricum) when both are present as acetates in a 
solution containing a sufficient quantity of free acetic, but no inorganic acid, by passing 
sulphydric acid g#s through the solution, the zinc being then precipitated while the 
iron remains in solution. If the two metals are combined with any other acid, they 
must be precipitated by carbonate of potassium, and redissolved in acetic acid ; or if 
they are present as sulphates, they may be converted into acetates by decomposition 
with acetate of barium. 

For the methods of separating iron from cobalt, see vol. i. p. 1046. When the two 
metals are precipitated together by sulphide of ammonium, the separation may be 
effected by digesting the sulphides with acetic, as well as with dilute hydrochloric 
acid ; the iron then dissolves as acetate, while the cobalt remains behind. 

Iron may be separated from nickel by the same methods as from cobalt (excepting 
that with nitrite of potassium). Nickel may also be separated from iron ( ferricum ) 
by mixing the solution with a large quantity of sal-ammoniac (20 pts. of that salt to 
1 pt. of nickel), precipitating the iron with carbonate of ammonium , then heating the 
liquid slowly to the boiling point, keeping it at that temperature for some time, adding 
a small quantity of ammonia and filtering: ferric oxiae then remains on the filter, 
whilo all the nickel passes through in solution (Schwa rzeuberg, Ann. Ch. Pharm. 
xcvii. 216). Iron and nickel may also be separated by precipitating the iron as ferric 
oxide with carbonate of barium. For the separation rf iron from cobalt, this method 
is not so well adapted, because a small portion of thAmbalt is apt to be precipitated 
at the same time. 

Uranium may be separated from iron, both being' in the state of sesquioxides, by 
treating the solution with excess of carbonate of ammonium , which precipitates the 
ferric oxide, and retains the uranium in solution. The carbonate of ammonium must, 
however, be quite neutral, as if it contains any excess of carbonic acid, part of the iron 
may be rediesolved. To ensure this condition, the carbonate of ammonium should be 
previously boiled, and the solution of the metals, if acid, must be neutralised with 
ammonia till a slight permanent precipitate begins to form ; the solution is then 
to be diluted with water, the carbonate of ammonium added, and the precipitate 
digested with it for some time before filtering. 

For the separation of iron from, cerium, chromium, didymium, lanthanum, 
molybdenum, niobium, platinum and its congeners, tantalum, titanium, 
tungsten, and vanadium, see those metals; also pp. 374, 375. 
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From aluminium, iron in the form of fenio salt may be separated by caustic 
potash, which when added in access, and boiled with the concentrated solution of the 
two salts, precipitates the iron as ferric oxide, and retains the alumina in solution. 
If the proportion of iron is small (not exceeding 1 pt ferric oxide to 100 alumina), 
this method of separation is sufficiently exact ; but when it is larger, a portion of the 
alumina always remains with the ferric oxide, and must be separated by redissolving 
the precipitate in a small quantity of hydrochloric acid, and repeating the treatment 
with potash. With very large quantities of iron, this treatment must sometimes be 
repeated three or four times before complete separation is effected. The process may 
be modified by first reducing the ferric solution with sulphurous acid or an alkaline 
sulphite, and then boiling with potash till the iron is precipitated as dark green 
ferroso-ferric oxide ; but in this way also the separation is not quite complete ; if too 
much sulphurous acid is added, a small quantity of sulphite of aluminium is sometimes 
precipitated on boiling. 

Iron and aluminium may, however, be much more easily separated by means of 
hyposulphite of sodium, which precipitates alumina together with sulphur, leaving the 
iron in solution (i. 155). 

Another very good method of separating iron and aluminium is to mix the solution 
with a quantity of tartaric acid , sufficient to prevent the precipitation of the oxides 
-when the liquid is rendored alkaline, then add excess of ammonia, and precipitate the 
iron as sulphide by sulphide of ammonium. The same method serves to sepamte iron 
from various other metals, e.g. cerium, glucinum, magnesium, thormum, yttrium, and 


zirconium. 


Aluminium (or glucinum) may also be separated from iron by precipitating the 
alumina and ferric oxide together with ammonia, and igniting a weighed quantity of 
tho washed and calcined precipitate in a stream of hydrogen. The iron is then 
reduced to the metallic state, while the alumina remains unaltered. Tho loss of weight 
gives the quantity of oxygon which was combined with the iron, whence the quantity 
of ferric oxide may be calculated, and the alumina determined by difference. As a 
check on the result, which is especially necessary when the quantity of iron is small, 
the residue may be digested for 24 hours, without heating, in very dilute nitric acid 
(1 pt. acid of specific gravity 1*2 diluted with more than 30 pts. water), winch dis- 
solves the iron without ntiacking the ignited alumina. A slight loss may arise in this 
process, in consequence of particles of the alumina (or glucina) being carried over by 
the stream of hydrogen (Rivot). Devi lie modifies this process by exposing the 
mixture of metallic iron and alumina, obtained as above, to a very strong red heat-, in 
a stream of hydrochloric acid gas, whereby the iron is volatilised as chloride, while 
the alumina remains unaltered, and may afterwards be weighed ; tho iron is then 
determined by difference. Or the iron may also be directly determined by passing 
the vapour of boiling hydrochloric acid into the tube and attached receiver, in which 
the chloride of iron is condensed, oxidising tho solution of ferrous chloride thus ob- 
tained with nitric acid, and precipitating by ammonia. 

brom glucina, and from most other protoxides, iron in the form of sesquioxide 
may be separated by precipitation with carbonate of barium (p. 383). 

brom magnesia, ferric oxide may be separated bv precipitation with ammonia after 
addition of sal-ammoniac — better with succinate or benzoate of ammonium , as already 
described for manganese (p. 386), or with carbonate of barium. 

*rom the alkalis ana alkaline earths, ferric oxide may be separated by am- 
monia ; in the case of the alkaline earths, however, care must be taken not to add 
more than a slight excess of ammonia, and to protect the precipitate from the air 
during filtration and washing ; otherwise carbonic acid will be absorbed, and earthy 
carbonates will be precipitated, together with the ferric oxide, and the precipitate, 
after washing, will appear light-coloured ; it must then be redissolved in acia, and 
^precipitated by ammonia. If the solution contains any organic substance, the iron 
muat be precipitated by sulphide of ammonium (p. 383), 

1 recipitation by ammonia serves to separate iron in the ferric state from most of its 
mor 8J“ lc «dts, e.g. the nitrate, sulphate, &c. From phosphoric or boric acid It 
be separated by dissolving the salt in hydrochloric acid, adding tartaric acid in 
sufficient quantity to prevent precipitation by alkalis, then adding excess of ammonia, 
precipitating the iron by sulphide of ammonium. — For other.methods of analysing 
phosphates of iron, see Phosphohio acid. 

From arsenic, iron may be separated by precipitation with sulphydric acid, the 
semte or arsenate of iron being dissolved in hydrochloric acid. These salts may also 


•wenite c 
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dec °mpoeed in the dry way, by ignition in a stream of sulphydric acid gas, sulphide 
of ar8 ®aie then volatilising, and sulphide of iron remaining. (See also p. 874.) 
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5. As* ay of Iron ores. 

1. In the wet way. — From most ferruginous minerals that are actually used for th 
extraction of iron, viz. the oxides and carbonates, the iron may be dissolved out b 
boiling with hydrochloric acid, the insoluble residue consisting of quartz, day, &c 
which may be farther analysed by fusion with an alkaline carbonate. 

The acid solution generally contains — besides iron — manganese, aluminium, calcium 
magnesium, the alkali -metals, and small quantities of sulphur, phosphorus, arsenic 
siliciam, and titanium, and less frequently copper, zinc,' lead, vanadium, chromium 
molybdenum, and tungsten. These elements may be detected and separated by method 
already described, or to be described, under their respective heads (see also pp. 374- 
376). The last four, together with titanium, may be separated by fusing the pulverise 
ore with a mixture of alkaline carbonate and nitrate, and treating the fased mass witl 
water, whereby a solution is formed, which may contain titanate, vanadate, chromate 
molybdate, and tungstate of alkali-metal, together with silicate, arsenate, and phosphate 

If the whole of the iron cannot be extracted from an ore by boiling with hydro 
chloric acid, it must be pulverised and fused with carbonate or acid sulphate of alkali 
metal (bisulphate of potash), and the fused mass then dissolved in water or aqueoui 
acid, freed fhim silica by evaporation, and further examined for the above-mention^ 
constituents. 

In the complete quantitative analysis of iron ores, it is necessary to determine th< 
water and carbonic acid. The water may be estimated by igniting the ore in a glas* 
tube, and condensing the aqueous vapour by means of chloride of calcium; the carbonic 
acid by the method described under Ajlkalimetuy (i. 119). When either water oi 
carbonic acid is present alone, its amount may be determined by the loss of weigh! 
sustained on ignition. 

If the percentage of iron in the ore is the only point to bo determined, the iron, aftei 
being brought into the ferric state by oxidation with nitric acid, may be precipitated 
by ammonia, or, if phosphoric and arsenic acids are present, by sulphide of ammonium 
after addition of tartaric acid (p. 387). Alumina, if present, must be separated by one 
of the methods already described. All the trouble of these separations may, however, 
be avoided by adopting Fuchs’ method of estimation with metallic copper, which gives 
correct results, provided all necessary precautions are taken to exclude th© air, or by 
one of the volumetric methods already described. 

2. In the dry way. — The object of this mode of assaying, which is an imitation, on 
the small scale, of the process which goes on in the blast furnace, is to determine, not 
only tho quantity of iron contained in an ore, or rather the quantity that can be 
extracted by smelting, but likewise the quality of the pig iron obtainable, and generally 
also that of the slag. 

10 grms. of the finely-pounded ore are mixed with 3 to 10 grms. of anhydrous borax 
(according to the proportion of the gangue) ; and the mixture is placed in a crucible 
lined with charcoal {creuset brasquk\* and exposed in a powerful air-furnace or a 
portable blast-furnace — Griffin’s blast gas-furnace (ii. 787), for example — to a gradually 
increasing heat, raised at last to whiteness. After cooling, there is found in the 
crucible, if the operation is successful, a well-fused regulus of cast iron, and above it a 
slog composed of borax and the materials of tho gangue. The regulus must be care- 
fully freed from slag and weighed. It should have a grey colour without much 
appearance of separated graphite. A largo separation of graphite shows that the heat 
has been too great. If the metal is white, it is very fusible and probably contains 
manganese; it is then imperfectly carbonised, or it contains phosphorus, arsenic, or 
sulphur. The slag should not contain either globes of iron mechanically mixed 
(these, if present, must be separated from the pulverised slag by levigation, or by tho 
magnet), or iron chemically combined, which IatteJWbndition will be indicated by a 
green colour in the slag. The weight of the regulus is increased by the carbon which 
it ( on tains, but, on the other hand, a small quantity of iron always remains in the slag» 
and the two errors thus produced may, for the most part, be regarded as compensating 
one another. 

Sometimes powdered glass free from metal is used instead of borax, to increase the 
fusibility of the gangue ; or the ore to be assayed is mixed with the same kind of flu* 
that is to be used in the actual smelting process — that is to say, with chalk, if ths 

* To prepare these crucibles, a Hessian or Cornish crucible is lined with successive layers of a pa*** 
composed of fine charcoal -powder mixed with water, the whole being well stamped with a woode* 

pestle. As soon as a layer has been, well pressed, its surface must be roughened with a knife, so tew 
the next layer may adhere to it well ; otherwise the layers will separate when heated. The crecjW* 

having been thus filled with stamped charcoal, the portion which projects over the edge is remove** 
a cavity with rounded bottom is made in the middle, and the sides aud bottom of this cavity are pons®* - 
with a rounded glass rod 
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guigae consist* of qpaita or clay, or with day if the gangue is chiefly limestone. To 
ascertain approximately , the quantity of flu* required, a preliminary analvda mi,, be 
made 1. Bv gently igniting 10 grms. of the ore, to determine the amount of wate/and 
carbonic acuf.— 2. By exhausting another sample with very dilute nitrio Mid. to 
determine, by the loss of weight after washing and heating, the amount of water 
carbonic acid, and lime, taken together.— 3. By boiliDg with hydrochloric acid till all 
the iron is dissolved out, and weighing the residue, which consists of quart* and clay • 
the loss of weight in this experiment, compared with that in the soeoud, irives the 
amount of feme oxide. B 

These points being determined, 10 grms. of the ore are mixed with such a quantity of 
clay or chalk that the assay may contain 3 pts. chalk to 2 pts. clay (Regnault) A 
certain quantity of fluorspar or borax may likewise be added. For rich ores Karsten 
takes 1 grm. fluorspar and 1 grm. calcined borax to 10 grms. of ore ; for tile poorer 
ores 2-5 grms. floor and an equal quantity of chalk ; and for very poor ores, the same 
with 1 grm. borax, * 

For ores not containing silica, a certain quantity of clay or quartz is added with the 
fluorspar. Or 10 grms. of ore are mixed with the following proportions of flux : 


Magnetic iron ore 
Specular iron or® 
Red haematite 
Brown haematite 
Clay iron ore 
Sparry iron ore 


1 grm. 
0-5 „ 


2-5 

2-0 

2*5 to 3 0 
1*0 


chalk and 


2*5 
2*6 
2-5 
2 0 

2-6 to 3 0 
2 0 to 3 0 


fluorspar. 

i» 

it 

I* 

ii 

it 


grms. 

ii 

ii 

ii 

i» 

ii 


If the right proportion of flux has been added, and the proper temperature attained 
a well-constituted regulus is produced (p. 388), together with a good slag, having a 
grmr-yellowish or sometimes violet colour, an enamel-like or sometimes glassy aspect, 
and a conchoidal fracture. If the slag is stony or earthy, yellow, grey, or brown, with 
rough fracture, it is too rich in bases ; too great an excess of lime causes it to crumble 
easily when touched. If, on the other hand, there is an excess of silica, the slag is 
glassy, more or less transparent, of green colour (arising from ferrous oxide), and venr 
brittle. The results of t successful assay yield the requisite data for smelting on the 
large scale. ° 


6. Atomic Weight of Iron. 

The atomic weight of iron has been determined in several ways: — 1. From th® 
weight of ferric oxide obtained by dissolving a known quantity of pure iron (harpsi- 
chord wire) in nitric acid, precipitating with ammonia, &e., the small quantity of 
carbon contained in the iron being estimated and allowed for. — 2. From th® quantity 
of iron obtained by reducing a known weight of ferric oxide with hydrogen.—3. By 
measuring the volume of hydrogen evolved in the solution of iron in hydrochloric acid. 
—4. From the quantity of chloride of silvor obtained by precipitating a known quan- 
tity of pure ferrous or ferric chloride with nitrate of silver. Tho following table exhibits 
the results obtained by various chemists ; the determinations are arranged in chronolo- 
gical order, and the bracketed numbers indicate the method employed : 


Berzelius* (1) . 

Gay-Lussac f ( 1 ). 

^ it (3) . . 

R. Davy I (4) 

Svanberg and Norlin § (1) 

” » (2) 


. Fe ~ 27*12 
. Fe « 28*36 
. Fe « 28*27 
. Fe - 27*98 
. F® * 27*94 
♦ Fo - 27*99 


Berzelius § (1) . . . F® 

Erdmann & Marehand | (2) F® 

Maumen^Tf (1) . . . Fe 
Dumas** (4) . . Fe 


28*03 

28*01 

1 27*98 
28*02 
28*10 
2709 


The number 27*12, deduced from the first experiments of Berzelius, was for many 
received as the true atomic weight of iron, although Bucholz, some yean 
eelbre, had made a determination of the composition of ferric oxide, which now appears 
to have been nearer the truth. Berzelius was afterwards led to conclude that his first 
th^^ ment " Were a ^ ecte< * ^rith an error, arising from the action of the nitric acid on 
ne glass vessel used, and from subsequent experiments, in which platinum vessels 
isth employc ^* he obtained the higher number 2803. The whole number 28, which 
mean °f most trustworthy determinations, is now universally adopted as 

0 ato ? ic wei 8 ht of iron, on the supposition that the metal is univalent in the 
emus, and seequi-valent in the ferric salts, e.g. ferrous chloride ••Fed; ferric 


! Gtfc* Ann. vH. 313. 

4/?“* *5: Phsrm. L 4K. 

••Ana. Ch.Phsrm.cxlU. a 


1 


Ann. Chftn. Ixxx. 163. 
Ibid. 111. 912. 


t Phil. Tnni. ctt. lil. 
t Ann. Ch. Thy*. (9? XXX. ISO. 
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chloride «* 2 T&GP. If, however, iron is supposed to be bivalent in the ferrous, and 
tri valent in the ferric compounds — which is the view now generally adopted, e.g. 

Ferrous chloride . . FeCl* I Ferric chloride . . . FeCl* 

Ferrous oxide • . . FeO | Ferric oxide . . . Fe*0*, 

then the atomic weight is Fe ~ 56. (See Metals, Atomic Weights op ; also i. 470 ; 
ii. 30.) 

The equivalent of iron, that is to say, the quantity of the metal which replaces 
1 at. of hydrogen, is, in the ferrous compounds, e.g . FeCl*, equal to 28, and in the ferric 
compounds, e.g. Fe 2 Cl s , or FeCl*, it is § of 28, or 18|, which number is denoted by fe. 
(See Equivalents, ii. 403.) 

ntOEF« P1UORXDE8 07. Ferrous fluoride , FeF*, is obtained by dissolving 
iron in aqueous hydrofluoric acid, and crystallises by evaporation, or as the solution 
approaches saturation, in small, colourless, rectangular plates containing water, which 
they give off without decomposition when moderately heated. The anhydrous fluoride 
is not altered by ignition, even in contact with the air, but the hydrated salt soon 
turns yellow on exposure to the air, and if quickly heated, oxidises partially, giving 
off hydrofluoric acid. The hydrated crystals dissolve slowly in pure water, more 
easily in acids. Ferrous fluoride forms with •fluoride of potassium, a soluble double 
salt, 2KF.FeF*, which separates in granular crystals. (Berzelius.) 

Ferric fluoride , Fe 2 F®, is obtained by dissolving ferric oxide or hydrate in aqueous 
hydrofluoric acid, and separates on evaporation in pale flesh-coloured crystals. When 
heated in a platinum crucible, over a lamp urged by a blast, it melts, sometimes 
exhibiting on the surface small cubic crystals of the fluoride, while the fused mass has 
a rose-red colour, perhaps due to the formation of a small quantity of ferric oxide, 
ferric fluoride is isomorphous with fluoride of aluminium, somewhat more fusible than 
that compound, and equally volatile. (Devi lie, Compt. rend, xliii. 970.) 

Ferric fluoride dissolves slowly but completely in water, forming a colourless, 
sweetish, astringent liquid. Its solution mixed with ammonia deposits a basic salt, or 
oxyfluorido, which, when dry, forms a rust-yellow powder. 

Mixtures of the solutions of ferric fluoride and fluoride of potassium deposit, on slow 
cooling, colourless, crystalline, sparingly soluble double salts. If the solution of the 
ferric fluoride is added by drops to that of the potassic fluoride, the salt formed is 
2KF.Fe 2 F*, in the contrary case, 4KF.Fe 2 F*. (Berzelius.) 

rooW-aXAXrezs. Specular Iron ore. See Ison, Oxides or (p. 385); also Ikon 
(p. 338). 

XROXT, HYDRATES OX*. See Iron, Oxides of (pp. 393—399). 

XRQV, HTBRXDE OF. The flame of hydrogen evolved by dissolving iron in 
dilute acids sometimes yields black spots when a cold piece of porcelain is held in it, 
and has hence been supposed to contain a gaseous compound of iron and hydrogen ; but 
Fresenius and Schlossberger (Ann. Ch. Pharm. xliv. 264), and other chemists, 
have shown that these spots ara produced by phosphorus, and that the gas, when 
perfectly freed from mechanical impurities, does not produce them. Cameron (Chem. 
News, ii. 181) has shown that no ferruretted hydrogen is formed by dissolving the 
alloy of iron and sodium in acids. 

"When ferrous iodido is treated with zinc-ethyl and ether, gas is evolved (consisting 
of hydride of ethyl and hydrogen), and the residue, after washing with ether, yields a 
hydride of iron, mixed with metallic iron, in the form of a black powder, re- 
sembling metallic iron, and decomposing with evolution 5}f hydrogen, in contact with 
water, or when heated. (Wanklyn and Car i us, Ann. Ch. Pharm. cxx. 74.) 

ntOlT' IODISES OF. Ferrous Iodide , Fel*, oijined by heating or triturating 
iodine with a slight excess of iron filings, is a browa_TOnpound, which melts at a red 
heat, forms a grey laminar mass on cooling, and volatilises at a stronger heat. It 
dissolves readily in water, and the pale green solution, which may also be formed 
directly by digesting 1 pt. iron and from 2 to 4 pts. iodine in water, yields, when 
svaporatea in contact with iron, and protected from the air, green deliquescent crystals, 
containing FeI 3 .5H*0. Both crystals and solution, when exposed to the air, very 
quickly turn brown, from formation of oxyiodide, and separation of ferric hydrate and 
iodine. Ferrous iodide cannot, therefore, be easily kept unaltered, either in the solid 
state or in solution ; it keeps best when mixed with a sufficient quantity of common 
sugar or milk-sugar. For preparing the compound for medical use, Mohr recommends 
that 1 pt iodine do converted into ferrous iodide by trituration with iron and water, 
the filtered liquid mixed with 25 pts. if simple syrup, and the whole quickly evaporated 
down to 25 pts.; 20 pts. of this syrup contain l at. of ferrous iodide. It i* 
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however, to prepare the compound fresh every time it is wanted, which is not difficult, 
as the action is very quick. 

. The solution of ferrous iodide treated with alkaline carbonates, yields iodide* of the 
alkali -metals, and may be used for the preparation of those compounds. 

Ferrous iodide easily dissolves an excess of iodine : on adding 1 at. iodine to 3 at. 
ferrous iodide, a brown solution is formed (containing Fe*I®), which, when mixed with 
carbonate of potassium, yields iodide of potassium and black ferroso-ferric hydrate ; 
it is doubtful whether the brown solution contains iodated ferrous iodide, or a ferroso- 
ferric iodide, analogous to the magnetic oxide. 

Ferric iodidt > Fe 2 I*, is not known with certainty, but appears to be formed when 
iron is heated in excess of iodine-vapour. The resulting compound dissolved in 
water, yields a brown-red solution, which reacts like that which is obtained by dissolv- 
ing iodine in ferrous iodide, as above, or by dissolving ferrous hydrate in hydriodic acid. 
All these solutions, when exposed to the air, give off iodine and deposit ferric hydrate. 

XBOX 1 , MBTXOBZO. See p. 336. 

XBOSr, WATXVSL See p. 335. 

IRON XTATBOLZTE. See Natroi.itb. 

ZROV, VZTRZBR OS*. Iron heated to dull redness in a porcelain tube, and 
subjected to the action of ammonia gas, becomes white, brittle, and increases in weight 
by about 12 per cent. The compound thus formed is supposed by Despreta (Ann, 
Chim. Phys. [2] xlii. 122) to be a nitride of iron ; but it has not been analysed, and is 
supposed by some chemists to contain hydrogen. It dissolves in weak acids, with 
evolution of hydrogen and nitrogen, and formation of amiuoniacal salts. At a white 
heat it decomposed, giving off its nitrogen. Hydrogen, at a red heat, withdraws the 
nitrogen, forming ammonia. 

Sometimes the iron, after ignition in ammonia-gas, is found to be altered in physical 
properties, and yet not to have increased in weight ; in such a case, the combination of 
the nitrogen with the iron is but transient, but nevertheless appears to alter its mo- 
lecular structure. 

Nitride of iron is also produced when oxide of iron is ignited in ammonia gas ; also 
in minute quantity when .nitrogen gas is passed over red-hot iron. (Pelouze et 
F rimy. IVaiti, ii. 452.) 

Kcspecting the controversy about the existence of nitrogen in steel, see Steel. 

ntON, NITROBUXFHIBBS OT. Nitroeulfures de fir. (Roussin, Ann. 
Ch. Phys. [3] lii. 286.)— Compounds produced by the simultaneous action of nitrites 
and alkaline sulphides on iron-salts. They contain nitric oxide, together with sulphide 
of iron and sulphide of hydrogen or an alkali-metal, and may therefore perhaps be 
regarded as analogous in composition to the nitroferricyanides (ii. 260), that is to say, 
as sulphides of iron in which 1 at. sulphur is replaced by 2 at. nitrosyl , NO. They 
contain in fact a disulphide of iron, FeS 3 , in which the fourth, or sometimes the half, 
of the sulphur may be supposed to be replaced by an equivalent quantity of nitrosyl. 
The analogy of the nitrosulphides to the nitroferricyanides is shown by the fact, that 
when a solution of nitrofemeyanido of sodium is completely decomposed by sulphydric 
acid, and the solution boiled and evaporated, the residue contains dinitrosulphide of 
iron, which may be reconverted into a nitroferrievanide by treating it with cyanide of 
potassium. A mixture of iron-salt and nitrite of potassium yields a nitroferricyanide 
when treated with cyanide of potassium, and nitrosulphide of iron when troatod with 
sulphide of potassium. In neither of these classes of compounds can tbe iron be 
detected by ordinary reagents, 

Dinitrosulphide of Iron , Fo a S 4 H 2 (NO) 4 - Fe 2 S*(NO)* FeS(NO*) 2 .H 2 S, or Fe*S* 
(NO)\H*S. — This compound is prepared by dropping a solution oi feme chloride or sul- 
phate, with constant stirring, into a mixture of the solutions of nitrite of potassium and 
sulphide of ammonium, heating the liquid to boiling, keeping it at the boiling heat for a 
few minutes, and filtering to separate sulphur ; the deep-coloured liquid deposits crystals 
of the compound on cooling. — Or 86grms. ferrous sulphate dissolved in 0'2 litre of de- 
aerated water is added to a solution of 21 grins, dry nitrite of potassium, and 15 gnus, 
crystallised sulphide of sodium also in 0*2 litre of water, and the solution is boiled and 
filtered. When a ferrous salt is used in the preparation, no separation of sulphur 
tjl *oe place. The crystals are purified by recrystallisation. 

Dinitrosulphide of iron forms black, needle-shaped, oblique rhombic prisms, 2 mm. 
lo ”& m <^e soluble in hot (about 2 pts.) than in cold water, easily soluble in alcohol, 
wood-gpirit, amylic alcohol, and glacial acetic acid ; they dissolve in all proportions in 
ether, and deliquesce even in ether-vapour. The solutions are very a eep- coloured, 
ta * t * *typtic at first, then persistently bitter ; they remain unaltered in air containing 
? ho recrystallised from alkaline solutions. When heated to 115®— 
1*0°, they give off reddish vapours, together with sulphur, sulphite of ammonium, and 
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nitrite of ammonium, and leave iron in the residue ; when quickly heated, they burn 
away* The compound is easily decomposed by mineral acids, with evolution of reddish 
vapour*, not by organic acids. Chlorine and iodine decompose it, with evolution of 
nitric oxide and separation of sulphur. It is precipitated from solution by potash and 
ammonia, much more slowly by soda. The crystals are decomposed by permanganate 
of potassium, peroxide of lead, and mercuric oxide. Many metalUc salts precipitate 
the solution, with elimination of nitric oxide. Cyanide of potassium and cyanide of 
mercury convert the crystals into nitroferricyanides. 

The crystals are not decomposed by sulphide of ammonium, sulphydric acid, ferro- 
or ferri-cyanide of potassium, or tannic acid, neither of these reagents giving any 
indication of the presence of iron in them. Neither are they decomposed by caustic 
potash or soda in the cold, but when heated therewith, they give off ammonia gas and 
yield ferric hydrate, together with a filtrate which deposits the following compound* 

Sulphuretted Nitroaulphide of Iron and Sodium , Fe 2 Na 8 N 2 S*0* or Fe*S , (NO)*.3Na*S. 
— This compound forms large black crystals having a very bitter taste, easily soluble in 
water and in alcohol, but insoluble in ether. The crystals decompose at 120°; their 
solution is decomposed, with evolution of nitric oxide, by chlorine, iodine, or mercuric 
oxide. It forms precipitates with motallic salts, the reaction being in some cases 
attended with evolution of nitric oxide. The solution yields crystalline compounds on 
addition of potash or ammonia, but is not altered by caustic soda ; the crystals are 
not altered by sulphido of ammonium or ferrocyanide of potassium, but with ferricyanide 
of potassium they yield nitric oxide gas and prussian-blue. 

Sulphuretted Nitroaulphide of Iron and Hydrogen , Fe 2 H H N 2 S 7 0 2 = Fe 2 S 8 (NO) 2 4H 2 S(?), 
separates in reddish flocks, when the preceding compound is decomposed by acids, but 
gives off sulphydric acid and suffers further decomposition, even during washing. 

Nitroaulphide of Iron, Fe 2 S 8 N*0 2 or Fe 2 S 9 (NO) 2 , separates, with evolution of sul- 
phydric acid, when sulphuretted nitrosulphide of iron and sodium is decomposed by an 
acid at the boiling heat. It is a black substance, which when freshly prepared and 
dried, burns away like tinder, when set on firo. It decomposes spontaneously, leaving 
sulphide of iron. It is insoluble in water, alcohol, and ether, but dissolves in caustic 
potash, with partial decomposition and separation of ferric hydrate. 

Nitroaulphide of Iron and Sodium , iVN8*NTO*.H*0 - < Fe 2 S*(NO) 2 .Na 2 S.IPO.-- 
Formed by evaporating a solution of nitrosulphido of iron in sulphide of sodium at 
100°, and treating the residue with alcohol and ether. Crystallises in red prisms, 
black by reflected light; dissolves with deep red colour in water, alcohol, and ether, but 
is insoluble in chloroform and in sulphide of carbon. The solution is precipitated by 
metallic salts, forming insoluble compounds in which the sodium is replaced by the 
other metal. Some of these precipitates are tolerably permanent, whereas others, the 
silver precipitate for example, decompose quickly, with evolution of nitric oxide. 

ntoxr OS.K0. The ferruginous minerals containing sufficient quantities of iron 
to bo available for the extraction of the metal, have already been described (pp. 337 — 
843). For the methods of assaying them, see p. 388. 

The following mineralogical terms must here be noticed. 

Argillaceous or Clay Iron Ore. — This term is applied to sovpral ores consisting of 
oxide or carbonate of iron mixed with clay. The argillaceous carbonate is called sim- 
ply 44 clay iron-stone anhydrous and hydrated ferric oxides with a similar admixture, 
are called “red clay iron-stone, M and 44 brown or yellow clay iron-stone,” respectively. 

Azotomous Iron Ore , or Kibdclophane. A variety of ilmenite or titaniferous iron 
ore. (See Titanatbs.) 

Bog Iron Ore. — A brittle or loosely aggregated variety of brown haematite, occurring 
In low marshy grounds. It proceeds from tne decomposition of other species and often 
takes the form of leaves, nuts, or stems, found in the marshy soilC |T 

Brown Iron Ore . — Hydrated ferric oxide (p. 338). C3. 

Columnar Iron Ore . — Red clay iron stone, having a columnar structure. 

Green Iron Ore. — Hydrated ferric phosphate. (See Dufrbnitb, ii. 347.) 

Jaspcry Iron Ore . — A variety of red day iron ore, having a large, flat conchoidal fracture. 

Lenticular Iron Ore. — A variety of red clay iron-stone having a flat granular structure. 

Magnetic Iron Ore. — Ferroso-ferric oxide (pp. 337, 397), 

Micaceous Iron Ore . — Specular iron ore with a micaceous structure. 

Ochrtous Iron Ore. — Red haematite, having a soft earthy consistence. 

Octahedral Iron Ore. — Syn. with magnetic iron ore. 

Pitchy Iron Ore . — A variety of red haematite. 

Bed Iron Ore. — Native ferric oxide (p. 337). 

Sparry or Spathic Iron Ore . — Crystallised ferrous carbonate (I. 786). 

Specular Iron Ore. — Red hematite having a perfect metallic lustre (pp. 338, 894). 

Titan\ferous Iron Ore. — Ferric titans to. (See Titanatbs.) 




mow, ossoat OF. Iron forms two oxides corresponding with the chlorides. 
Vi*, the protoxide or ferrous oxide , FeO, the eeequioxide or ferric oxide , Fe*0* end 
several oxides of intermediate composition, ca lied ferroso-ferric oxides, which may be 
regarded as compounds of the two just mentioned : the most important of these is 
the magnetic oxide , Fe*0 4 -Fe0.Fe*0*, A trioxide , FeO*, may be supposed to exist 
in the ferrates (ii. 636); e.g . ferrate of potassium, K*Fe0 4 » K*O.FeO g , but it has not 
been isolated. 

Ferrous oxide, FeO, is never found in nature in the free state, but may be 
supposed to exist, in combination with carbonic anhydride, as ferrous carbonate 
(FeCO* «= FeO.CO*) in spathic iron ore, and jn solution in chalybeate waters; also 
combined with ferric oxide in magnetic iron ore. It is not easily obtained in the pure 
state, on account of the avidity with which it absorbs oxygen. According to Debray, 
it is obtained by passing a mixture of equal volumes of carbonic anhydride and carbo- 
nic oxide over red-hot ferric oxide. According to L i e b i g, it is obtained, mixed with a 
little metallic iron, by igniting ferrous oxalate in a close vossel. The impure ferrous 
oxide thus obtained is a black pyrophoric powder, which in contact with the air 
quickly takes fire, and is converted into ferric oxide. 

Hydrated Ferrous Oxide, or Ferrous hydrate, is obtained by precipitating 
the solution of a pure ferrous salt, perfectly free from air, with potash-ley, also free from 
air, in a vessel filled with do-aerated water. The hydrate is then precipitated in white 
flocks, which must be washed by decantation with recently boiled water, then dried and 
preserved in an atmosphere perfectly free from oxygen. Schmidt (Ann. Ch. Pharm. 
xxxvi. 101), by a very careful preparation thus conducted, obtained the hydrate as a 
non-magnetic, very friable mass, having a pale greenish colour, probably arising from 
partial oxidation. When exposed to the air, even in the dry state, it quickly absorbs 
oxygen, bocoming strongly heated, oven to ignition, and is converted into ferric oxide. 
In the moist state it is converted by oxidation, first into greenish ferroso-ferric, then 
quickly into brown ferric hydrate. It reduces iodic acid, also platinum- and mercury- 
wilts. It dissolves, according to Bineau, in 150,000 pts. of water, forming an alkaline 
liquid. It dissolves easily in acids, forming forrous salts, and absorbs carbonic 
anhydride quickly, ovon in the dry Btate, so that it cannot bo dried in an atmosphere of 
that gas. 

Ferrous salts. — Ferrous oxide and hydrate dissolve in acids, forming salts iu 
which the iron is mono- or di-atomic, according as its atomic weight is 28 or 66 : e.g, 

FeO + 2HC1 = H’O 4- FeCl* 

FeO + IPSO 4 - 11*0 + FeSO 4 . 

The soluble ferrous salts are likewise produced by dissolving iron in dilute acids. The 
insoluble salts, e.g. the carbonate and phosphate, are obtained by precipitation. The 
carlMinate is of frequent occurrence as a natural mineral (p. 339). 

Most ferrous salts are soluble and crystallisable, white in the anhydrous, pale 
greenish-blue in the hydrated state. The solutions are green or greenish-blue, have a 
sweetish taste, with inky after-taste, and quickly absorb oxygen from the air, yielding 
a yellow-brown deposit of basic ferric salt, because the quantity of acid in the solution 
is not sufficient to form a normal ferric salt, inasmuch as iron is tri valent in the ferric, 
and only bivalent in the ferrous salts ; thus ferrous sulphate yields by oxidation a basic 
ferric sulphate, or oxysulphate containing only 2 at. SO 4 ; 

2(Fe0.80>) + O - Fe*0*.2SO», 

or 

2FeS0‘ + O - F 0 f S o « 4 

whereas the soluble normal ferric sulphate has the composition FeW.SSO* or 
1*V(S0 4 )*. 

Those ferrous salts which contain a volatile acid, give it up on ignition, leaving a 
residue of ferric oxide, if the acid, such as sulphuric or nitric acid, gives up its oxygen 
readily ; of ferroso-ferric oxide, if the acid, such as carbonic acid, retains its oxygen 
more forcibly ; and of metallic iron, either pure or mixed with ferrous oxide, if the acid 
is organic. 

For the reactions of ferrous salts in solution, see p. 381. 

Ferric oxide. Fe*0*. Sesguioxidt or peroxide of iron. This oxide occurs in 
nature very abundantly and widely distributed, vis. 1. An specular iron ore 
in rhombonedral forms, R . oR, also R . £P2 . fR (ratio of principal to secondary 
axes bb 1*3668 : 1). — 2. As martite,in regular octahedrons. — 3. As red haematite, 
in columnar, granular, botryoidal, and stalactitic shapes, also lamellar and granular, 
either alone or associated with clay, forming the several varieties of red clay iron-stone 
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(p. 840). It U formed by beating iron or it* lower cade <« and hydrate* in contact with 
toe air. 

Ferric oxide may be obtained in small crystals by decomposing ferric chloride with 
lime at a red heat (DaubrA, Compt. rend. xlix. 143); in micaceous laminae bv heating 
the amorphous oxide with borax, and treating the resulting mass with hydrochloric 
acid (Hauer, Wien. Akad. Ber. xiii. 466), or by melting the amorphous oxide with 
chlonde of calcium (Kuhlmann, Compt. rend. lii. 1283). Rhombohedral or laminar 
crystals of ferric oxide are likewise obtained by igniting the amorphous oxide in a slow 
current of hydrochloric acid gas. (Deville, Compt. rend. lii. 1264.) 

When equal parts of ferrous sulphate (green vitriol) and common salt are heated to 
redness, and the product exhausted by washing, feme oxide remains in red-brown 
shining scales. “When pulverulent ferric oxide is ignited with sal-ammoniac, part of it 
becomes crystalline, while another portion volatilises as ferric chloride. 

Ferric oxide is obtained in the amorphous state by igniting ferrous sulphate with ^ 
pt of saltpetre, and lixiviating the product ; by dissolving iron in nitric acid, evapo- 
rating, and heating the resulting nitrate to redness ; also by deflagrating iron filings 
with saltpetre. In the distillation of fuming sulphuric acid from green vitriol, a residue 
of impure ferric oxide is obtained, formerly known as Caput mortuum vitrioli. Amor- 
phous ferric oxide is usually prepared for pharmaceutical use by igniting ferric hydrate 
or ferrous carbonate in contact with the air ; the preparation thus obtained is called 
Crocus Martis adstringens or Ferrurn oxydatum rubrum. Veiy pure ferric oxide may 
be prepared by heating ferrous oxalate in contact with the air ; the salt then takes fire 
and is completely converted, without further heating, into ferric oxide. (A Vogel.) 

Ferric oxide prepared by either of the latter methods, is amorphous, and has a brown- 
red, red, or nearly black colour, according to the particular mode of preparation adopted. 
It is very hygroscopic, not magnetic, very hard, and is therefore used as a grinding 
and polishing material. The specific gravity of the artificially prepared oxide is 6*04 
to 6*17 (H. Rose, Pogg. Ann. lxxiv. 440) ; that of red hcematite and specular iron ore, 
from 4*6 to 6'3 ; of some columnar varieties as low as 4*2 ; that of martite from Peru, 
3*80; from Puy de Dome. 4'66; from Brazil, 4-80 (Brei thau pt) ; from Monroe, New 
York, 6*33 (Hunt). Hardness of haematite and specular iron ore 5 o to 6 5; of 
martite — 6. The cubic expansion of ferric oxide «= 0 00004 for 1° C. (Kopp). 
Ferric oxide is not volatile, but at a full white heat it gives off oxygen, and is partially 
converted into ferroso-ferric oxide, which is attracted by the magnet. 

Ferric oxide is reduced to the metallic state iy hydrogen gas , at a heat even below 
redness, and completely at red heat b y charcoal or carbonic oxide , also by ammonia gas. 
When ignited with sulphur, it yields sulphurous anhydride and a sulphide of iron. 
It easily gives up its oxygen when ignited with combustible bodies, but takes it up 
again when heated in contact with the air : hence it facilitates the combustion of 
organic bodies, and may be used for incinerating them (Grager, Ann. Ch. Pharm. 
cxi. 124). Even at ordinary temperatures, it frequently acts as an oxidising agent in 
contact with organic matter, and is thereby reduced to magnetic oxide, or even to 
ferrous oxide, and then, by taking up carbonic acid, converted into spathic iron ; the 
reduced oxide, if in contact with moisture, is frequently also reconverted into ferric 
hydrate (iimonite or brown hematite) by atmospheric oxidation. The oxide is also 
sometimes further reduced by the action of sxdphydric acid , and converted into pyrites: 
hence magnetite, Iimonite, and pyrites often occur as pseudomorphs after red hematite. 
According toKuhlmann (Compt. rend. lii. 1169), it easily converts sulphide of cal- 
cium into gypsum at the expense of atmospheric oxygen ; the oxysulphide of calcium 
of the soda-residues mixed with an equal weight of ferric oxide (the residue of the 
burning of pyrites), forms a very useful cement, which hardens quickly in contact with 
the air. i 

Ferric oxide dissolves in acids, but less easily in proport ionjjaa it has been more 
strongly ignited : the best solvent for it is strong boiling hydrodSmc acid. The solu- 
tion is facilitated by the addition of zinc or stannous chloride, the oxide then dissolv- 
ing as ferrous chlonde. 

Feme oxide, on account of its hardness, is much used as a grinding and polishing 
material. A very hard compact kind of red haematite, called bloodstone, forms, 
when well polished, the best material for producing a high lustre on coat-buttons, 
and on the gilding of porcelain. Ferric oxide in tne pulverulent state is used for 
polishing gold, silver, and other metals, for polishing and sharpening cutting instru- 
ments, ana for grinding and polishing glass for mirrors and lenses. According to 
Vogel (DingL. pol. J. cxxxii. 276), the oxide obtained by the combustion of ferrous 
oxalate (p. 393) is peculiarly adapted for these purposes. That which is prepared 
by igniting green vitriol in crucibles is also much used, the least calcined portions, 
which are of a scarlet colour, forming jewller's rouge for polishing gold or silver, and 
the more calcined portions, which are bluish or purplish, forming the crocus which 
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ii uftd for bcsfls and steel. Lord Rosas prepares feme adds for polish- 

the specula of Tub telescopes, by precipitating a pure dilute solution of ferrous 
crcunhate with amm onia, pressing the washed precipitate in a screw-press till nearly 
dry, and exposing it to a heat which appears dull red in the dark. (See Wi Dictionary 

^Femc'oxide^s also used as a colouring material for glass and porcelain, especially 
the latter ; it yields a fine purple-red, or when more strongly heated, an orange-yellow 
enamel colour, the tint produced depending essentially on the mode of treatment ; 
according toBontemps (Phil. Mag. [4] xxxv. 439), ferric oxide may be made to 
colour glass with all the tints of the spectrum, according to the degree of heat applied. 

Hydrated ferric oxide , or Ferric hydrate, occurs abundantly in nature, either 
crystallised as gothite or needle iron ore (ii. 940), or in stellate groups of needles 
or fibres, as xanthosiderite, or more frequently in stalactitic, botiyoldal or miwimil- 
lury forms, having a fibrous or subfibrous structure ; also massive and occasionally 
earthy as brown haematite or limonite; also mixed with day, as brown or 
yellow clay iron-stone (pp. 338, 339). It is the colouring principle of many 
minerals, of ochre, of the deposit of mineral waters, of yellow sandstone, Turkish 
umber, &c. It is formed by the precipitation of feme salts with alkalis or alkaline 
carbonates ; also when ferrous salts are precipitated in like manner, and the precipitats 
is exposed to the air ; and by the rusting of iron, which takes place when the metal is 
exposed to moist air, and is accelerated by contact with small quantities of acids, and 

of various saline solutions, especially ammoniacal salts and urine. 

Ferric hydrate is most easily prepared by precipitating a moderately dilute solution 
of ferric chloride with excess of ammonia (with a smaller quantity, a basic salt would 
be thrown down) ; it is apt, however, to retain small quantities of ammonia, to remove 
which it must be washed several times with water, then dried, and washed completely 
after being reduced to powder. This precipitate formed in the cold (the Ferrum mi * 
datum fiutcum of the pharmacopoeias) has the composition Fe*0 8 .2H*0, according to 
O m ol i n ( Handbook , v. 198) and Lefort (J. pr. Chem. liv. 305) ; Fe*0 # .3H*0, accord- 
ing to Wittstein (Pharm. Centr. 1853, p. 367); or 2Fe*0*.3lP0, according to PAan 
do Saint-Gilles (Ann. Ch. Phys. [3] xlvi. 47), the proportion of water doubtless 
varying according to the degree of dilution, the mode of precipitation, and the tem- 
perature to which the hydrate has been exposed in diying. The hydrate precipitated 
from hot solutions is Fe’0*.2H*0. (Le f o rt ; Scha f f n er, Ann. Ch. Pharm. U. 117.) 

Native ferric hydrates are also of .various composition. Gothite is le’O .HO; 
limonite, 2Fe 2 0*.3H 2 0 ; xanthosiderite, Fe 3 0 , .2H*0 ; and a variety of bog iron ore 
(railed Qucllcrz) from Nischnei-Nowgorod in Russia, consists, according to H orman n 
(J. pr. Chem. xxvii. 63), mainly of Fe*0 B .3lFO. 

Ferric hydrate has a light yellow to dark brown colour, and is sometimes a loose 
earthy powder, sometimes a heavy friable mass, according to the mode of preparation. 
When recently precipitated, it is easily soluble in acids, but its power of uniting; with 
acids is diminished by drying, and frequently even by prolonged immersion in liquids. 

A remarkable insoluble modification of ferric hydrate is produced by boiling the 
ordinary yellow hydrate, 2Fe’0*.3IP0 (precipitated from the chloride by ammonia), 
in water for seven or eight hours. The colour then changes from ochre-yellow to 
brick-red, and the hydrate thus altered is scarcely acted upon by strong boiling nitric 
acid, and but very slowly by hydrochloric acid. In acetic acid, or dilute nitric or 
hydrochloric acid.it dissolves, forming a red liquid, which is clear by transmitted, 
but turbid by reflected light ; is precipitated by the smallest quantity of an alJcali- 
salt or a sulphate ; and on addition of strong nitric or hydrochloric acid, yields a red 
granular precipitate, which redissolres on diluting tho liquid with WAter. The modi- 
fied hydrate does not form prussian blue with ferrocyamdo of potassium and acetic 
acid. It appears to consist of Fe’OMi’O. This insoluble hydrate is likewise preci- 
pitated whenT solution of the ordinary hydrate in acetic acid is rapidly boiled. The 
same solution, if kept for some time at 100° C. in a close vessel, becomes lipht in . 
colour, no longer forms prussian blue with ferrocyanide of potassium, or exhibits any 
deepening ofcolour on addition of a sulphocyanate ; strong hydrochloric or nitnc acid, 
or a trace of an alkali-salt, or sulphuric acid, throws down all the feme oxide m the 
>luble hvdrate. (P6an de Sai nt-Gi lies, Ann. Ch. Phys. [3] xlvi. 47.) 


deepening 
or a trace . _ 

™d he»t; ft is abro completely dehydrated by heating it to 160° 200°, with a eatu- 

rated solution of chloride of calcium or chloride of sodium. (Sen arm on t.) 


Iieo flomiion OI CBlunue ut uoivmu. V, . '% . *1_ 

Ferric hydrate easily gives up part of ita oxygen to oxidable bodies, « «mjy 
reduced by sulphurous acid, stannous chlonde, &c. In contact with putrefying 
organic bodies, out of contact with the air, it forms ferroso-feme compounds, or 
ferrous carbonate; but if the air has access to it, it quickly recovers the oxygen which 
it has given up to the putrefying substance, and can then again exert an oxidising 
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action, thna acting as a carrier of oxygen from the air to the organic body: hence it 
accelerates the oxidation of woody fibre in the soil. (Kuhlmann, J. pr. Chenu 
lxxxi. 110.) 

Ferric hydrate is rarely used alone in medicine ; but in the recently precipitated 
state, it acts as an antidote to arsenic, as, when given in sufficient quantity, it forms a 
highly basic ferric arsenite, very difficultly decomposable by water. 

Ferric hydrate unites with colouring matters, and easily fixes itself on many organic 
bodies, especially on tissues : hence its use as a mordant, and the formation of iron- 
mould on linen, cotton, &c. Such spots may be removed by oxalic acid, or acid oxalate 
of potassium, the action being greatly accelerated by contact with metallic tin. 

Ferrto salt s. — In these salts, the iron may be regarded as trivalent, or the group 
Fe* as sexvalent, e.g. the chloride, Fe 3 Cl‘ ; the nitrate, Fe^NO*) 4 ; the sulphate 
Fe*(S0 4 )*. (The oxygen-salts may, of course, be regarded as compounds of ferric 
oxide with anhydrous acids, e.g. the nitrate, Fe*0 , .3N*0*, the sulphate, Fe 2 0*.3S0*.) 
Accordingly, it requires three molecules of a monobasic acid, such as nitric acid to 
form a normal salt with one molecule of ferric oxide. 

The normal ferric salts are for the most part soluble in water, and difficult to ciys- 
tallise ; some of them aro deliquescent. They are mostly analogous in composition to 
the salts of aluminium, and frequently isomorphous with them ; this correspondence of 
form and composition is most conspicuous in the alums ; thus ferrico-potassic sulphate 
FeK(S0 4 )*.12H*0, is isomorphous with common alum, AIK(S0 4 ) 2 .12H 2 0. 

Soluble ferric salts are obtained by dissolving ferric oxide or its hydrates in aqueous 
acids, or by oxidising ferrous salts with nitric acid, adding the quantity of acid required 
to form a normal ferric salt ; e.g . : 

2FeS0 4 + O + H J S0 4 — Fe 2 (S0 4 )* + H 2 0. 

The insoluble salts are obtained by double decomposition. 

Ferric salts are white in the anhydrous, yellow or yellowish-red in the hydrated 
state. The solutions have also, for the most part, a yellowish-red colour, especially 
when i heated ; the solutions of the nitrate and fluoride, however, are colourless ; that of 
the chloride is brown-red, and those of the acetate, meconate, and sulphocyanato are 
blood-red. r J 

The presence of froe hydrochloric acid in a solution of ferric chloride changes the 
colour of the solution to orange yellow ; this coloration, like that of other acid solu- 
tions of ferric salts {e.g. ferric sulphocyanate), is completely destroyed by addition of 
a sufficient quantity of phosphate of sodium ; on the other hand, the colouring power 
of ferric chloride, in presenco of an excoss of strong hydrochloric acid, is very great, 
the bright yellow colour of commercial hydrochloric acid, for instance, being caused 
by a quantity of ferric chloride too small to impart a perceptible colour to the liquid 
whon somewhat diluted with water. 

Ferric oxide lias a great tendency to form basic salts, which may be rogarded as com- 
pounds of the normal salts with excess of ferric oxide : thus, besides the triacid or 
normal sulphate, (S6*) 9 ] 

Fe 1 0 , .3S0 4 « ho 2 (SO*) 8 = ^ j O •, there are several basic sulphates, viz. 


Sexbasic, fiFe'O'.SO* =* 
Quadribasic, 4Fe*0 , .S0 > ** 
Tribasic, 3Fe 1 0*.S0* — 
Dibasic, 2Fe*0 , .S0 i * 
Monobasic, Fe*0\S0* «• 
Sesquiacid, 2Fe*0*.3S0* — 
Fe»0*.2S0* - 



Diacid, 
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Most of these basic salts axe insoluble in water, and are precipitated on heating a 
moderately 1 dilute and nearly neutral solution of the corresponding normal salt {*m. 
ferric acetate), or on adding to the solution of a normal ferric salt, a quantity of alkcui 
not sufficient to precipitate the whole. 

Ferric salts containing volatile acids are decomposed by ignition, leaving a residue 
of ferric oxide, ferrous oxide, or metallic iron, according to the nature of the acid 
present. For their reactions before the blowpipe and in solution, see page 880. 

renroto-feiTio Oxides and Hydrates. — The term ferroso-ferric is applied to 
oxides of iron which are intermediate in composition between ferrous and ferric oxide, 
and may be regarded as compounds of the two. The principal of these intermediate 
oxides are the scale-oxide and the magnetic oxiae. 


a. Scale oxide, Fe^* «■ 6FoO.Fe*0*. — When iron is heated to redness in the air, 
two layers of scale oxide are formed, which may easily be separated. The inner layer, 
6Fe0.Fe*0*, is blackish-grey, porous, brittle, and attracted by the magnet. Tho outer 
layer contains a larger quantity of ferric oxide, but in variable proportion ; it is of a 
reddish iron-black colour, dense, brittle, yields a black powder, ana is more strongly 
attracted by the magnet than the inner layer. The amount of ferric oxide in the 
outer layer is between 32 and 37 per cent., and on the very surface it is as much as 
52-8 per cent. (Mosander, Pogg. Ann. vi. 35; also Schw. xlvii. 81). The specific 
gravity of the scale-oxide is 6*48 (P. Boullay). Bcrthier (Ann. Cli.Phys. [2] xxvii. 
19 ; also Schw. xliii. 319) regards the scale-oxido as 4Fe0.Fe*0* ; Mosander attributes 
tho greater amount of ferric oxide found by Berthier to the fact of Bortliior having 
analysed the inner and outer layers together. 

TJ* " ) 

0. Magnetic oxide, Fe*0 4 ~ ** FeO.Fo*0*. — This oxide occurs abun- 


dantly as a natural mineral, and is one of tho richost and most valuable ores of iron, 
containing, when pure, nearly 72 percent, of the metal (p. 337). It occurs in mono- 
metric crystals, the dominant form being usually the octahedron, sometimes the rhom- 
bic dodecahedron, these forms being modified as in figuros 194, 195, 190, 199, 
200, &c. (Crystau-ographt, ii. 129, 130) ; twins also occur, like figure 319 (ii. 100). 

It is isomorphous with spinel gahnito, a^ T i | O 4 , eeilanito, 


franklinite, chromo-iron ore, j O 4 , and other minerals in which the 

bivalent radicles, Mg, Zn,Fo, and likewise tho sexvalent radicles Al*, Fo*, Cr replace one 
another in various proportions, or into which other diatomic pictals enter in various 
proportions; e.g. calcium, Ca, with magnesium in ploonast and chlorospinel. Cleavage 
octahedral, more or less distinct. Tho dodecahedral faces are commonly striated, 
parallel to- the longer diagonal. Much more frequently, however, it occurs massive, 
with granular structure (p. 336). 

Ferroso-ferric oxide, Fe’OV is produced when iron is heated to redness in aqueous 
vapour (Regnault, Gay-Lussac); when ferrous chloride is heated t/> low redness 
with excess of carbonate of sodium (Liebig and Wohler, Pogg. Ann. xxi. 582); also 
according to Mitscherlich (Pogg. Ann. xv. C22), when iron is burned in oxygen-gas 
or before the blowpipe. It is obtained crystallised in octahedrons, by igniting ferroso- 
ammonic chloride in contact with the air (Ilauer, Wien. Akad. Ber. xiii. 466); also, 
together with ferrous chloride, by heating ferrous oxide in a slow stream of hydrochloric 
acid g^ui (Deri lie, Compt. rena. liii. 199) ; by fusing ferric phosphate with 3 or 4 times 
its weight of sulphate of sodium (Dc bray, ibid. lii. 985); and by heating ferrous sul- 
phate with chloride of calcium in covered crucibles (Kuhlmann, ibid . lii. 1288). 
Deville and Caron (i ibid . xliv. 764), by heating ferric fluoride with boric anhydride 1 
out of contact with the air, obtained the magnetic oxide in long needles, made up of 
aggregates of regular octahedrons. Ebelmen obtained < 
tne action of heat on ferrous silicate, 
however, most frequently a black mass, 
attracted by the magnet 

Many metalhugic products also contain ferroso-ferric oxide, either free or combined 
with silica — refinery- slags for example, according to Plattner (Ann. Ch. Fharm. 
xx. 233). The iron plates which are laid beneath the hearths of iron-smelting furnaces, 
and are exposed to a red beat, are sometimes, in the course of 6 or 10 years, completely 
converted, by the moisture of the soil, into magnetic oxide, partly crystalline, partly 
axnpact* and attracted by the magnet (but not itself magnetic). The same compound 
i* formed on the under side of the refining hearths, where the iron comes in contact 
with aqueous vapour. (Koch, Veber kryttaU. Mttlcnproducte , p. 17.) 
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y. Crystallised ferrous carbonate, ignited in close vessels, yields ferroso-ferric oxide, 
consisting, according to Kr&mer, of FeO.Fe*0 J ; according to DSbereiner, of 
SFeO.F&O * ; according to Glasson, of 4FeO.Fe*O f , the composition of the product 
being doubtless influenced by the rapidity of the heating. 

3. The old pharmaceutical preparation called JEthiopa martialia ; is a ferroso-femo 
oxide, or mixture of ferrous and ferric oxides in various proportions, obtained by 
oxidising iron in a current of aqueous vapour, or by partially reducing ferric oxide by 
ignition with iron filings, or with a quantity of oil just sufficient to make it into a 
moist powder ; the preparation obtained by this last method always cont ains carbon. 

Ferroso-ferric oxide is easily reduced to the metallic state by ignition with hydrogen, 
charcoal, carbonic oxide, or ammonia-gas. When ignited in the air, it is converted 
into ferric oxide. 

Ferroao-ferric Hydrates . — These are compounds of various composition, 
obtained by the partial oxidation of ferrous, or reduction of ferric hydrate, by pre- 
cipitating mixtures of ferrouB and ferric salts with alkalis, and by the oxidation of iron 
In contact with sir and water. 

a. Dingy-green Hydrate . — By exposing white ferrous hydrate to the air for a short 
time — or by precipitating a mixture of a ferrous salt and a small quantity of ferric salt, 
with potash or ammonia — a dingy-green hydrate of ferroso-ferric oxide is obtained, 
which, on further exposure to the air, is quickly converted into rusty-brown ferric 
hydrate. 

0. Black Hydrate. — 1. This hydrate, which has nearly the composition FeO.Fe*0* 
is precipitated from a solution of magnetic oxide in hydrochloric acid, or 
from a mixture of equivalent proportions of ferrous and ferric salts, on the addition 
of potash or ammonia. The yellow solution of magnetic oxide in hydrochloric acid 
yields, with ammonia, a brownish-black precipitate, which is magnetic even while in 
the liquid, so that it collects round a magnet dipped into that liquid. It may bo 
washed on the filter without becoming more highly oxidised (Liebig and Wohler, 
Pogg. Ann. xxi. 683). — 2. The same precipitate is obtained by mixing ferrico-ammonic 
sulphate with ferrous sulphate, in such proportion that the ferric oxide present in the 
mixture may contain three times as much oxygen as the ferrous oxide, and precipi- 
tating with ammonia (Abich, Pogg. Ann. xxiii. 364). — 3. Two equal portions of 
ferrous sulphate are taken ; the first is dissolved in water acidulated with sulphuric 
acid, and oxidated at a boiling heat by the addition of nitric acid in small portions at 
a time. The other portion is dissolved in water freed from air by boiling. The two 
solutions are then mixed ; the mixture, while still hot, precipitated by ammonia added 
at once in excess ; and the liquid, together with the brown-black precipitate, heated for 
some minutes to the boiling point. The precipitated ferroso-ferric oxide is then col- 
lected on a filter and washed—during which process it undergoes further oxidation — 
and then dried at a gentle heat (W onl er, Ann. Ch. Pharm. xxii. 66). This process 
should yield 2FeO.Fe'‘ t O , ; but even if a greater quantity of ferric oxide is not pro- 
duced by the nitric acid still remaining, or by contact with the air, the proportion of 
that oxide is sure to be increased by decomposition of water. — 4. Bottger ( Beitrdge , 
xi. 12) precipitates ferrous sulphate free from ferric oxide by the addition of carbonate of 
sodium ; washes the precipitate several times by decantation ; and then boils it with 
tolerably concentrated caustic potash. This process yields a velvet-black powder, 
much less liable to absorb an additional quantity of oxygen than that which has been 
precipitated by ammonia. — 6. Noel (J. Pharm. [3] i. 62) precipitates ferrous sulphate 
with carbonate of sodium, washes the ferrous carbonate by decantation, leaves it to 
drain upon linen, and then heats it in a cast-iron vessel, with constant stirring, till it 
is dry. It is thereby converted into a velvet-black powder. SonBeiran obtained by 
this process a precipitate which was not perfectly black, and whjfo treated with hydro- 
chloric acid, evolved carbonic anhydride. — 6. Preuss introduWs 4 pts. of pulverised 
iron and 5 ptB. of ferric oxide into a flask, together with a two Srdhreefold quantity of 
water, and boils the liquid gently for some time. The mixture g^ves off fetid hydrogen 
gas, and turns dark brown at first, but afterwards black. When the evolution of gas 
ceases, and the resulting black powder settles down readily, it is separated by leviga- 
tion from the excess of iron ; thrown on a filter of grey porous paper ; and the filter, 
liter the water has drained off, is wrapped up in a large quantity of paper, and quickly 
dried in hot air. The black, very loose powder dissolves in acias without evolution of 
gas, and the solution yields a black precipitate on the addition of an alkali. The pre- 
cipitate must not be dried by heat, because in that case it would turn brown from 
higher oxidation. (Wohler, Ann, Pharm. xxviii. 92.) 

The black hydrate of ferroso-ferric oxide exhibits, after drying, the appearance at 
brown black, brittle, strongly magnetic lumps, having a conchoidal fracture, and yield- 
ing a dark-brown powder. It contains about 7 per cent, of water, which it gives off 
when heated in a retort, leaving black anhydrous ferroso-ferric oxide. When heated 
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in the air, it is converted into ferric oxide. From its yellow eolation in hydrochloric 
acid, it is precipitated unchanged by ammonia (Wohler). 

Forroso-ferric hydrate was formerly much employed in medicine, but has now almost 
fallen into disuse. In preparing iodide of potassium from iodide of iron, it is advis- 
able to take the iron and iodine in such proportion (Fe*I $ ) that, on precipitating with 
carbonate of potassium, this black ferroso-ferric hydrate shall be formed, because it is 
much less bulky than ferric hydrate, and therefore easier to wash. 

The ferroso-ferric oxides and hydrates dissolve in acids, forming brownish or yellow 
solutions, according as the one or other of the oxides predominates. These solutions, 
commonly said to contain ferroso-ferric salts, are mere mixtures of ferrous and 
ferric salts, and give reactions intermediate between the two. They give black precipi- 
tates with alkalis; blue, both with ferro- and with ferri-cyanide of potassium, also 
with cyanide of potassium (ii. 219, 227), a reaction not produced either by ferrous or by 
ferric salts when pure. 

Trloxlde of Iron, or Ferric anhydride, FeO $ , is not known in the free state, but 
may be supposed to exist in the ferrates (salts obtained by fusing iron or its oxides 
with nitre, (ii. 626) e.g. Ferrate of potassium, FeK*0 4 = K*O.FeO*. 

y pnw, OZT8EOMZDB OF. Ferric oxybromido is obtained by evaporating 
the aqueous solution of ferric bromide, or by treating it with a quantity of potash not 
sufficient for complete precipitation, or by exposing a solution of ferrous bromide to the 
air. (Lo wig.) 

HON, OXYCBLOXXDB OF. See page 378. 

ntOST, OXTF1VORXD1 OF. A ferric oxy fluoride is precipitated by ammonia 
from the solution of ferric fluoride. (Berzelius.) 

UtOKT, OXYOBN-8ALTB OF. The general properties of these salts have been 
already described (pp. 380, 393, 396). For the special descriptions, see the several 
Acids. 

XROW, OXY8ULPHZDE OF. See page 401. 

XKOW, PHOSPHIDES OF. Phosphorus unites readily with iron, forming a grey, 
fusible, very hard compound, which takes a high polish. This compound, which has 
l he composition Fe 4 P, may be prepared by heating a mixture of phosphate of iron and 
charcoal in a crucible liued with charcoal and placed in a forgo tire. 

A very small quantity of phosphorus produces a great alteration in the properties of 
iron, rendering it brittle in the cold (pp. 329, 334). 

ZSOir, PULVBXIBED. Ferrum pulvcratum ; Limatura fcrri s. Martie alco - 
holteata . — Finely pulverised iron for medical use may be prepared by mechanical 
trituration of filings of bar iron, and subsequent boiling and straining. Iron-powder 
is prepared in large quantities by this method in the Tyrol. The iron is, however, 
obtained in a much finer state of division, by reducing an oxide of iron with hydrogen. 
Wohler (Ann. Ch. Pharm. 'cir. 126 ; cv. 192) mixes 1 pt. of ferrous sulphate perfectly* 
free from copper, with three times its weight of chloride of sodium ; heats the mixture* 
till it becomes red-hot and fusea ; washes the residue completely ; heats the ferric 
oxide thus produced to dull redness in a glass tube or gun-barrel ; and passes over it 
a stream of dry hydrogen, perfectly free from carbon, sulphur, phosphorus, and 
arsenic, as these substances, if present, would unite with the iron. It is difficult, how- 
ever, when ferrous sulphate is used, to obtain iron quite free from sulphur ; hence, 
Luca (Compt rend. Ii. 333) precipitates ferrous chloride with ammonia, and reduces 
the washed oxide with perfectly washed hydrogen-gas, avoiding the use of vulcanised 
caoutchouc-tubes (because the gas might take-up sulphur from them). It is doubtful, 
however, whether the presence of minute quantities of sulphur and carbon in the JJul- 
▼erised iron!, would be at all injurious in its application. To preserve tho iron from 
rust, it is kept in sealed vessels filled with hydrogen. 

Reduced iron is an impalpable, slate-grey powder, which may be set on fire by £ 
glowing body, and then burns away very quickly (mechanically pulverised iron cannot 
be set on fire in this way) ; it should be heated strongly enough in the hydrogen- 
atmosphere to prevent it from becoming actually pyrophoric. It is much more active 
than mechanically pulverised iron, on account of its finer state of division. 

OtOW f IBUnmns OF* Selenium in the state of vapour, passed over iron- 
filings, combines with the metal, producing considerable evolution of lichr and heat. 
The product is a yellowish-grey substance, with metallic lustre, hard and brittle. It 
melts before the blowpipe, giving off oxide of selenium, and forming a black brittle 
globule, apparently consisting of ferrous selenite. (Berzelius.) 

O. Little (Ann. Ch. Phsrm. aril. 211), by passing selenium-vapour over red-hot 
iron win; and melting the brittle product under borax, obtained a metallic-looking 
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greyish-yellow, easily pulreri sable compound, having^ a specific gravity of 6*38, and 
the composition of ferric selenide, Fe*Se B . 

ZSOJT, IV19KZBIS or. Iron and sulphur unite directly with one another, 
under various circumstances, and in several different proportions. Besides two sub- 
sulphides containing less than 1 at. sulphur to 1 at. iron, there is a protosulphide or 
ferrous sulphide , FeS ; a sesquisulphide or ferric sulphide, Fe 2 S* ; a disulphide , FeS * ; 
And a compound called the magnetic sulphide, intermediate in composition between the 
proto- ana sesqui-sulphides. Metallic iron heated with excess of sulphur, yields one 
or other of the four last-mentioned compounds, according to the heat applied, the 
degree of sulphuration being less as the temperature is higher. (Bam me Is berg, 
Fogg. Ann. exxi. 337.) 

An ootofbrrio sulphide, Fo*S, is formed by passing hydrogen-gas over red-hot 
dibasic ferric sulphate (p. 390). It is a blackish-grey magnetic powder, which, when 
treated with dilute acids, yields a mixture of 7 vols. hydrogen -gas and 1 vol. sul- 
pbydric acid. 

A hemisulphlde, Fe*S, is produced by heating anhydrous ferrous sulphate in 
hydrogen gas, half of the sulphur being then given off as sulphurous anhydride. It is 
a dark grey, coherent, magnetic powder, which dissolves easily in dilute acids, giving 
off equal volumes of hydrogen and sulphydric acid. When ignited in sulphydric acid 
gas, it takes up sulphur and is converted into the protosulphide. It occurs, combined 
with other metallic sulphides, in many furnace-products obtained in the smelting of 
lead and copper ores. 

Protoaulpbide, or Ferrous sulphide, FeS. This compound occurs in many 
specimens of meteoric iron, somotimes imbedded in small yellow-brown masses, some- 
times as a grey powder possessing metallic lustro. (Berzelius; Bammelsberg, 
Pogg. Ann. cxxi. 3(53.) 

It lias not boon found in the free state as a terrestrial mineral, but exists in combi- 
nation with sulphide of nickel, and mixed with copper-pyrites, in a massive, bronze- 
coloured mineral, with octahedral cleavage and specific gravity = 4'60, from Lillo- 
haiiimer, in Norway. This mineral, after deducting 5'14 per cent, of copper pyrites, 
contains 307 per cent, sulphur, 41*1 iron, and 22 2 nickel, agreeing approximately 
with the formula 2FeS.Ni 2 S. (Rammelsberg, loc, tit.} 

Ferrous sulphide is produced : 1. By the direct combination of sulphur and iron, 
either at a red heat, or at lower temperatures in presence of water. — a. Heated iron 
wire introduced into sulphur- vapour bums brightly, and forms ferrous sulphide. — 

When iron filings are gradually heated in a covered crucible with about two-thirds 
their weight of sulphur, the mass, when heated to about the temperature of low-red- 
ness, begins to glow, and combination rapidly takes place, witn vivid combustion 
throughout, the entire mass. — y . Sulphur pressed against a red-hot iron bar, perforates 
it, and forms ferrous sulphide, which runs off in drops, and may be quenched in water. 
8. Ferrous sulphide may also bo obtained in the wet way by moistening a mixture of 
28 pts. iron filings and *16 pts. sulphur, and applying a gentle heat ; combination then 
takes place, attended with considerable rise of temperature. WTien a considerable 
quantity of mixture of 2 pts. sulphur and 3 pts. iron-filings is made into a paste with 
water, and covered with earth, the mass after a while becomes red-hot, and gives off a 
large quantity of steam, which throws up the earth with violence, producing the effect 
of an artificial volcano. 

2.VBy igniting ferric oxide or scale-oxide of iron with sulphur. — 3. By heating iron 
pyrites, ferric sulphide, or magnetic pyrites, either alone to a bright red heat, or with 
iron filings, or in an atmosphere of hydrogen. — 4. By reducing ferrous sulphate at a 
bright red heat in a crucible lined with charcoal. Ferrous sulpqate is also reduced to 
sulphide in the wet way by contact with decomposing organic flatter. — 5. By precipi- 
tating ferrous salts with alkaline sulphides. 

Ferrous sulphide prepared in the dry way is a dense yellow mass with metallic 
lustre, or sometimes a black porous mass. It is sometimes magnetic, but according to 
Berzelius, only .when it contains a portion of one of the higher sulphides. It does not 
alter sensibly by exposure to the air at ordinary temperatures, and is not decomposed 
by ignition, even to whiteness, in close vessels ; but when gently heated in the air, it is 
partly converted into ferrous sulphate ; while at a stronger heat, sulphurous anhydride is 
evolved, and ferric oxide remains behind. With nitric acid it evolves nitrous gas, 
ferric oxide and sulphuric acid being formed, and sulphur separated. It dissolves in 
dilute sulphuric or hydrochloric acid, with evolution of pure sulphydric add gas. If, 
however, it is mixed with metallic iron, which is generally the case with the protosul- 
phide obtained by igniting iron filings with sulphur, it gives off a mixture of sulphydric 
add and free hydrogen. Aqueous vapour passed over red-hot proto-sulphide of iron 
converts it, with evolution of much hydrogen and sulphydric add gas, into a black ami 
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partly magnetic mass. The water forms with the sulphide of iron, sulphydrie acid and 
ferrous oxide, which, by further decomposition of water, yields hydrogen gas and 
ferroso-forric oxide ; but a portion of the sulphur remains, even after three hours 1 
ignition (Regnault, Ann. Ch. Phys. [2] lxii. 3791. Chlorine gas does not decompose 
cold sulphide of iron ; but that compound, when heated in the gas, yields chloride of 
sulphur and sublimed ferric chloride (H. Rose, Pogg. Ann. xlii. 640). Protosulphide 
of won, heated to low redness with once or twice its weight of carbonate of sodium or 
potassium, fuses into a black, crystalline, highly magnetic mass, from which water 
extracts sulphide of sodium or potassium, with a trace of sulphuric acid. Baryta and 
lime behave in the same manner, only that the viscidity of the slag prevents the iron 
from fusing into a mass (Bert hi or, Ann. Ch. Phys. [2] xxxi. 170). When proto- 
sulphide of iron is fused with 30 times its weight of protoxide of lead , the whole of 
the sulphur is given off in the form of sulphurous anhydride, metallic lead is separated, 
and a fused mixture of protoxide of iron and protoxide of lead is produced. 

Ferrous sulphide prepared in tho wet way is a black amorphous substance, perhaps 
containing water ; in the finely divided state, it has a dark green colour. In the moist 
state, it oxidises quickly on exposure to the air, being converted, first into ferrous 
sulphate, then quickly into yellow-brown basic ferric sulphate. It exhibits tho same 
reactions as the protosulphide prepared in the dry way, but is much more easily 
decomposed, and dissolves much more quickly in acids, with violent evolution of 
sulphydrie acid gas. 

The black mud at the bottom of drains, cess- pools, ponds and morasses, owes its 
colour to sulphide of iron, probably formed by the putrefaction of organic matters ill 
contact with ferric oxide contained in the soil. 

Sesqulftulpblde or Ferric Sulphide. Fo 2 S*. — This compound is probably 
a constituent of copper pyrites, GVS.IVS* (ii. 77), and of magnetic pyrites 
(see below). It is produced by heating iron to moderate redncBB, or ferric oxide to 
low redness with excess of sulphur: in the latter case, however, tho product is mixed 
with ferric oxide, unless the process is several timos repeated (ltam me Isberg, Pogg. 
Ann. exxi. 339). According to Berzelius, it may also be obtained by the action of 
sulphydrie acid on ferric oxide at 100°, or on forric hydrate at ordinary temperatures, 
or by dropping a neutral solution of ferric Bulphnte into excess of sulphydrate of am- 
monium. According to Rammelsberg, however, tho product obtained by heating ferric 
oxide in sulphydrie acid gas to a temperature short of redness, is an oxysulphiuo con- 
taining 1 at. ferricoxideto 3 at. ferric sulphide ; after stronger heating, the product contains 
less ferric oxide, but in place of it a certain quantity of ferrous sulphide ; and if the 
heat be raised to bright redness, there remains at last a sulphide of iron free from 
oxygen and having the composition of magnetic pyrites. 

Ferric sulphide dried out of contact with air, is a yellow-grey, non- magnetic powder. 
When heated to redness in close vessels, it gives off sulphur and leaves magnetic 
pyrites. In the moist state it oxidises very quickly in contact with tho air, especially 
when prepared by precipitation of ferric salts. Acids decompose it, with formation of 
ferrous salt, evolution of Bulphydric acid, and precipitation of sulphur. 

rerroso-ferrlo or Magnetic Bnlpliide. — This sulphide occurs native as mag- 
netic pyrites, and is formed by heating iron with a slight excess of sulphur till the 
mass fuses; also by heating the disulphide to redness in a covered crucible. As thus 
prepared, it has a brownish-yellow to speiss-yellow colour ; is attracted by the 
magnet, and sometimes itself magnetic. It does not lose weight when simply ignited 
in close vessels, but when heated in hydrogen gas , it yields sulphydrie acid and tho 
protosulphide. Dilute acids dissolve it, with separation of sulphur and evolution of 
sulphydrie acid. Boiling potash-ley is said to remove a portion of the sulphur, leaving 
ferrous sulphide. 

Magnetic pyriteB or Pyrrhotin occurs in crystals belonging to the hexagonal 
system and generally tabular, exhibiting the combinations oP , P,oP , ooP, oP . esP . P, 
like figures 239, 240 (ii. 139) and others. Ratio of principal to secondary axes - 1 : 1-741. > 
Angle P : P in the terminal edges of the pyramids ■■ 126° 49' ; in the lateral edges 
* 127° 6'. Cleavage tolerably distinct parallel to oP, indistinct parallel to ooP. More . 
commonly massive and amorphous, with granular structure. Hardness *■ 8'ft to 4'fl# 
Specific gravity, 4*51 to 4-64 (Rammelsberg). Lustre metallic. Colour between 
bronze-yellow and copper-red. Streak dark greyish-black. Fracture small subcon - 
choidal. Brittle. Slightly attracted by the magnet. Tarnishes quickly. Before the 
blowpipe it gives off sulphurous anhydride, and on charcoal in the outer flame, is 
converted into ferric oxide ; in the inner flame it melts and continues to glow after tbs 
blowpipe is removed. The mass, after cooling, is magnetic and has a metallic crystal- 
line structure, with a yellowish colour on the fractured surface. 
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The following are analyses of magnetic pyrites calculated to 100 parts, after 
deducting quartz, &c. (Rammmelsberg, loc. tit.) 


U. Rosa. SchafffoUch. 


a b 

Fe 61-00 61*17 

S 38*44 38*83 


g b 

Fo 69*21 60*00 

8 40*79 40*00 


Plaltner. 

d e 

60*20 60*29 

39*80 39*71 

Rammelaberg. 


* J k 

60*83 61*03 61*30 

39*17 38*97 38*70 


RamineU- 

berg. 

60*66 

39*34 


Strowejrer. 

69^29 

40*71 


7 

60*10 

39*90 


a. From Bodenmais in Bavaria ; b, from the same ; c, from the same ; d, from 
Conghonas da Campo, Brazil ; e, from Fahlun in Sweden ; f t from Treseburg in the 
Harz ; y, h, from Harzburg in the Harz ; ?, from Trumbull in Connecticut \ j, from 
Xalastoc in Mexico ; k, l, from localities unknown. 

These results may be included under the general formula, Fe*S n + 1 , in which n 
may have either of the values 6, 6, 7» 8, 9, 10 ; but the purest specimens agree most 
nearly with the. formula, Fe 7 S* — dFeS.hVS*, given by Berzelius, or with Fe®S*«> 
6Fe8.Fe*S*. 

Nickelj'erous magnetic 'pyrites occurs crystallised or massive and of specific gravity 
4*613 to 4*674, in several localities. The following are analyses : 


Berzelius. 

a 

Scheercr. 

b 


Ramm«*l»berg. 


#r ' c 

d 

e 

\ 

/ 

Fe 68 73 

56*74 

5582 

55-96 

56*57 

66*42 

Ni 317 

2*82 

659 

3*8G 

3*16 

3*33 

S 38*10 

40-44 

38*59 

40*18 

40*27 

4025 

100 00 

100*00 

100*00 

100*00 

100*00 

100*00 


a. Massive from Klefva in Sm&Iand, Sweden ; b. Massive from Modum in Norway ; 

c. Ijaminar, intergrown with quartz and mica, from tho Gap mine, Pennsylvania ; 

d . Massive, intergrown with whito iron pyrites, also containing a small quantity of 
copper pyrites, from Horbach in Baden ; e. Laminar, from Hilsen in Norway. 

These analyses may bo represented by the formula, M a S* = 3MS.M. 2 S*, and 
M*S T ss 4MS.M V S 3 , where M stands for Fe (66) and Ni (68*9), each metal being present 
in both degrees of sulphuration. '(Kamm els berg.) 

Disulphide of Iron. FoS 2 . — This compound occurs abundantly in nature 
\*i two distinct forms, viz. as Yellov> Iron pyrites, Cubic pyrites or Mundic , which 
crystallises in monometric forms, and White Iron pyrites , Marcasite , Radiated pyrites , 
Spear pyrites. Hepatic pyrites , or Cellular pyrites, which crystallises in trimetric 
forms. Cubic pyrites occurs abundantly in rocks of all ages, from the oldest 
crystalline to the most recent alluvial deposits, and has been found in small irregular 
crystals in the Vesuvian lavas. Marcasite occurs also in rocks of various ages, being 
found in granite, gneies, and mica slate, und abundantly in the plastic clay of the brown 
coal formation near Carlsbad in Bohemia. The peculiar circumstances which deter- 
mine the formation of one or other of these varieties aro not known ; neither has it been 
found possible to convert the one into the other. Iron pyrites is often formed from 
iron salts, in presence of putrefying organic matters, such as straw, wood, &c., the 
sulphide of iron thus produced retaining the form of the organic substance. 

Yellow iron pyrites occurs in a great variety of monometric forms, the domi- 
nant forms being the cube, the octahedron, the trapezohedron^p2 (Jig. 180, ii. 126V 

the pentagonal dodecahedrons (Jig. 192), and tha hflOtaki s tetra h edro ns ^^* 

2 2 2 

402 

-y (hemihedral forms of the hexalds-octahedron, ii. 127), these forms occurring 

either alone or in combinations, such as Jigs. 194, 196, 196, 211, and numerous others. 
Twin-crystals are also found resulting from the intersection of two pentagonal dodeca- 
hedrons. Cleavage cubic and octahedral, more or less distinct ; the cubic and octa- 
nedral "frees are- often striated. It likewise occurs radiated, subfibrous, and massive; 
often reniform or globular, with a crystalline surface. Hardness — 6 to 6*5. Specific 
gravity 4*068 to 5*031 (Dana); 6*0 to 5*2 (fiamme labor g). Lustre metallic, 
splendent ; colour, bronxe-yellow, nearly uniform. Streak, brownish black, opaque. 
Fracture ooncholdal, uneven. Brittle, strikes fire with steel [For analyses, see 
p. 343.} 

White iron pyrites or marcasite forms trimetric crystals, in which a : b : c «• 
0*7464 t 1 : 1*1648. Angie t»P * «eP » 73° 24': f>ao in th« lunl nrincinl 



40 * 


IRON: SCJLPHIDES — ISAMIC ACID. 

section — 98° 18'. The crystals are pyramidal and prismatic combinations, the those 
£ao being frequently predominant in the latter. Cleavage tolerably distinct, parallel 
to oDP. lt occurs also in globular, reniform, and other imitative shapes ; often massive, 
col umnar , or granular. Hardness -» 6 to 6*5. Specific gravity » 4*678 to 4*847 
(Dana); 4*85 to 4*88 (Bammelsberg). Lustre metallic. Colour, pale blouse* 
yellow, sometimes inclining to green or grey. Streak, greyish-black or brown-black. 
Fracture uneven. Brittle. 

Disulphide of iron is produced artificially: 1. By heating iron with excess of 
sulphur to a temperature below redness (Rammelsberg, Pogg. Ann. cxxi. 339),— 
2. fey exposing ferric oxide or hydrate, ferroso-ferric hydrate, or ferrous carbonate, at a 
heat above 100°, but not amounting to redness, to a stream of sulphydric acid gas^ 
as long as the mass continues to increase in weight-. At first the action is so strong, 
that aqueous vapour, sulphurous anhydride, and hydrogen are evolved, and lower sul- 
phides of iron are formed ; but these afterwards take up more sulphur, And liberate 
pure hydrogen gas. The sulphide of iron thus produced retains the ciyst&lline form 
of the oxide used in its preparation, with the same lustre on the faces, And the same 
directions of cleavage (Berzelius). — 3. The lower sulphides of iron may be brought 
to this, the highest degree of sulphuration, by heating them in like manner in sul- 
phydric acid gas (Berzelius). — 4. An intimate mixture of 2 pts. protosulphide of 
iron and 1 pt. sulphur, heated in a retort to a temperature short of redness, leaves 
disulphide of iron as a bulky, dark yellow, non-Trmgm*tie, metallic powder, not attacked 
by hydrochloric, acid (Berzelius). — 6. When an intimate mixture of ferric oxide, 
sulphur, and sal-ammoniac is heated to a temperature a little above that at which the 
s:il-ammoniac sublimes, the residue is found to contain small, brass-yellow octahedrons 
and cubes, which may be separated from the restof the powder by levigation (Wohler, 
Pogg. Ann. xxxvii. 288).— 6. When sal-ammoniac containing sulphate of ammonium is 
sublimed at a dull red heat in iron vessels coated with clay, the clay covering becomes 
impregnated with chloride of iron, and cubes and octahedrons of iron pyrites torn upon 
its surface (Lowe, •/. pr. Chrm. vi. 98). — 7. The compound may also be prepared in 
the wet way by mixing solutions of alkalino persulphides with ferrous chloride at 
180°, or ferrous sulphate at 166°. (Senarmont, Ann. Ch. Phys. [3] xxx. 129.) 

Artificially prepared disulphide of iron differs in character according to the mode of 
preparation adopted, being either a bulky dark yellow powder (Berzelius), or crys- 
tallising in small brass-yellow cubes and octahedrons (Wdh ler), or a black powder 
(Senarmont). It is not magnetic, is not attacked by dilute acids, but is decomposed 
by heating with strong hydrochloric acid, with evolution of sulphydric acid, and sepa- 
ration of sulphur, and is oxidised when heated with strong nitric acid or with nitro- 
muriatic acii 

Yellow iron pyrites in its compact forms, and the denser varieties of the artificial 
disulphide, do not alter by exposure to the air, and even that which is prepared in the 
wet way oxidises but slowly in the air, and only when moist; but white iron pyrites 
weathers veiy rapidly, and the yellow variety in the finely divided state oxidises even 
at ordinary temperatures, with sensible evolution of heat, as in the roasting of alum- 
stone, and the spontaneous heating of coal or lignite containing pyrites, which some- 
times becomes intense enough to set fire to inflammable substances, and gives rise to 
the spontaneous combustion of coal-mines. The products of this spontaneous oxidation 
are, so long as the temperature remains modorate, sulphuric acid and ferrous sulphate, 
which separates partly in crystals, partly as an efflorescence on the surface, but is for 
the most part dissolved out by the water which permeates the mass (see Sulphates ) ; 
but at higher temperatures, sulphurous anhydride is evolved, and ferric oxide is 
left, with only a small quantity or sulphuric acid. This reaction renders iron pyrites 
available for the manufacture of sulphuric acid ( q . «».). When ignited with charcoal, 
it yields sulphide of carbon. Mixed with 10 per cent, charcoal, and exposed to the 
action of a mixture of superheated steam and atmospheric air, it is completely desul- 
phurised, giving off sulphur, sulphydric acid, and sulphurous anhydride, together with 
carbonic anhydride and carbonic oxide, while the iron remains, aocording to cir- 
cumstances, either in the metallic state or as ferric oxide. (Brunfaut* Journ, dec 
Hines, 1861, No. 5.) 

nunr, TA 1 TAIATS OT. See Tahtalite. 

IIOV, TBLLUXZC. A term applied to native metallic iron found on the earth's 
•fcriace, to distinguish it from meteoric iron. 

ttov, nunUDl or. See Tblluridea 

HOV ( TUVOITAT8 OF. See Tungstates. 

Z8AMXO ACID. C , *H , *N*0 4 . Imasatic acid, Rubindenie acid, (Laurent, 
Ann. Ch. Phys. [3] iii. 490.) — This add is produced by the action of warm ammonia 
mi matin ; hut the best mode of preparing it is to maaolra is atm to saturation 

n n 2 *■ * * 
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aotleoti* potash; evaporate the solution to drvness ; dissolve m alcohol; mix the eolatioa 
with a mr concentiated solution of sulphate of ammonium (in the proportion of 
rather more than 1 at, of that salt to 1 at. isatin) ; filter to separate sulphate of potas- 
sium; evaporate the filtered liquid to dryness, whereby the isatate of ammonium is 
converted into isamate; then boil with alcohol; filter to separate jaamide and sulphate 
of ammonium ; and neutralise the filtrate with hydrochloric acid, taking care to avoid 
an exeesa. Isamic acid then separates in crystals on cooling. If a small quantity of 
isatin should likewise separate, in consequence of too much hydrochloric sad having 
teen added, or of too great a heat having been applied, or of the solution of isatate of 
ammonium not having been sufficiently evaporated, the crystals must be treated with 
weak ammonia, which dissolves the isamic acid and leaves the isatin. 

Isamic acid crystallises in splendid, shining, rhombic laminae, of the colour of red 
iodide of mercury. By spontaneous evaporation of the solution, ruby-coloured hex- 
agonal tables are formed, with angles of about 1 10°. It dissolves sparingly in boiling 
water, forming a yellow solution, easily soluble in hot alcohol, somewhat less in ether. 

Isamic acid dissolves with fine violet colour in hydrochloric acid. By boiling with 
dilute acids, it is converted into ammonia and isatin. Bromine attacks it violently, 
forming indclitrrome , C , *H s Br 4 N 8 0 > , a yellow substance insoluble in water. 

Isamate of ammonium, C ,6 H ,2 (NH 4 )N‘0\ crystallises in small needles or very acute 
microscopic rhombs. When somewhat strongly heated, it gives off water, and is con- 
verted into isamide. Its solution does not precipitate the salts of barium, calcium, or 
magnesium. It forms a yellow precipitate with acetate of lead , red with mercuric 
chloride , yellow with nitrate of silver. 

Isamate of potassium may be boiled without decomposing. 

Dichlorisamic acid , C la H M CPN*0\— - Produced by adding hydrochloric acid to a 
solution of dichlorisamide in dilute potash, and crystallising the brick-red flocculent 
precipitate from alcohol. It forms bright red elongated hexagonal laminae, derived 
from a rhombus of about 110°. It is more soluble than isamic acid in alcohol and 
ether, and forms yellow solutions. It is decomposed by distillation. Strong acids 
dissolve it, with violet colour, at ordinary temperatures ; but at the boiling heat, they 
convert it into ammonia and chlorisatin. 

Tetrac hi or isamic acid, C^IPCPNK) 4 . — Tetrachlorisamide is converted by boiling 
alcohol into tetrachlorisamate of ammonium ; and on adding nitrate of silver to this 
•alt, a flocculent precipitate is formed containing C^H'AgCrN'O 4 . 

MAW IB1. C ia H ,4 N 4 0 # . Amasatin. (Laurent, Ann. Ch. Phys. [3] iii. 488.) 
Produced by heating isamate of ammonium till water is given off, and washing the 
residue with water. It is pulverulent, of a fine yellow colour, tasteless, inodorous, 
insoluble in water, nearly insoluble in ether, very sparingly soluble in alcohol, mode- 
rately soluble in boiling alcohol containing ammonia. Potash dissolves it with yellow 
colour, with elimination of ammonia ; the solution contains isatin. 

XBATAIT. C ia H lf N ,,! 0* ? (Laurent, J. or. Chem. xxviii. 346.) — This body is 
sometimes produced when diaulphisatyde is boiled with acid sulphite of ammonium, as 
a white precipitate, which dissolves when boiled with a large quantity of alcohol, and 
is deposited on cooling in crystals, which appear under the microscope, either as well- 
defined rectangles, or as pointed ovalB, according to the side on which they are 
viewed. The compound, heated till it melts, turns brownish red, and yields a mixture 
of isatin and indin : 

SC^H^NK)* - 2C*H s NO* + 2C ,I H I2 N , 0 3 + H*0. 

IiaUn. Isatin. Indin. ^ 

It is decomposed by boiling nitric acid, with formation of a violet powder, similar to 
nitrindin. With alcoholic potash it forms a yellow solutionrCjom which water preci- 
pitates hydrindin, and hydrochloric acid throws down iaat^Snu**! with a resinous 
substance. 

The composition of isatan is equal to that of 2 at. indigo-blue 4* 1 at. water 
(2C*H*NO + IPO), and to that of isatyde minus 1 at oxygen (C ,# H l *N*0* — O). 

I8ATZO AOI3>. CTPNO 1 . (Laurent, Ann. Ch. Phys. [3] iii 371.)— Th® 
potassium-salt of this Hcid is produced by the action of caustic potash upon isatin. 
The acid itself is not easily obtained in the free state. 

.'.The so l utio n of the potassium-salt mixed with hydrochloric acid, deposits, after a 
while, crystals of isatin, which in fact differs from isatic acid, only by the elements of 

OinNO 1 - C*H*NO* + H*0. 

Isatic acid. Isatin 

‘ The composition of the tsatattis is represented by the formula C , H*MNO*. # The 
n-Balt appears to be capable of existing only in solutit n ; for on evaporation ta 
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dryness, Itgives off water, and is converted into isamate of ammonium (p. 404). The 
barium-salt, C l *H l *Ba"N , 0*, produced by the action of baryta-water on matin, crystal- 
lises in scales. The potassium-salt contains C*H*KNO*. Isatin dissolves in a cold strong 
solution of potash, forming a deep violet-red liquid, which changes to pale-yellow when 
diluted with water and boiled. On evaporating the solution, the salt is obtained in 
crystals of a faint yellow colour. It precipitates chloride of barium if the solutions are 
concentrated, and forms with acetate of lead, a yellow flocculent precipitate, which 
gradually turns red. The silver-salt, C^IPAgNO’, is soluble in wator, and crystal Uses 
in beautiful yellow prisms. It is obtained as a precipitate on mixing the boiling and 
rather concentrated solutions of isatate of potassium and nitrate of silver. 

Bromisatlo acid, C H II a BrNO s , is obtained as a potassium-salt by the action of 
cold aqueous potash on brom isatin. 

Dibr&misatic acid , OH^Bri'NO 3 . (Erdmann, J. pr. Chem. xix. 360.) — This acid 
is obtained, by adding hydrochloric acid to a concentrated solution of its potassium- 
salt, as a light yellow pulverulent substance, soluble in a larger quantity of water. 
By desiccation, even in vacuo, at menu temperatures, it is converted into dibromi- 
satin. 

Dibromisate of potassium , C^H^KBriNOMUO, is prepared by dissolving dibromi- 
satin in cold aqueous potash, and leaving the solution to itself for a while. It crystal- 
lises in pale yellow, shining needles, less soluble in water and in alcohol than the 
dichlorisatate. It gives with metallic salts the same reactions as the dichlorisatate 
Sulphurous acid converts it into dibromisato sulphite of potassium , CHUKBriNO^SO*. 

CMoriaatfte acid. C 8 H a ClNO s . (Erdmann, Ann. Ch. Pharm. xxxiii. 129.-— 
Laurent, Ann. Ch. Phys. [3] iii. 378.) — This acid is not known in the free state, but 
several of its salts have been prepared. 

Chlorisatate of potassium , ClPKClNO 1 , is obtained by mixing warm, moderately 
concentrated solutions of caustic potash and chlorisatin. The salt separates on cooling 
and may be purified by repeated crystallisation from alcohol. It crystallises in shining 
flattened quadrilateral needles of a light yellow colour, soluble in water and alcohol, 
and decomposed by heat. Hydrochloric acid added to its solution throws down 
chlorisatin. 

The other salts of chlorisatic acid are obtained by double decomposition. The barium- 
salt separates on cooling from a mixture of the hot solutions of chlorisatato of potassium 
and chloride of barium, sometimes in pule yellow noodles containing O la H ,0 Ba"Cl*N a O*. 
H 7 0, sometimes in deep yellow, v»>ry brilliant lamina* containing C ,M H ,a Ba"Cl 3 N 2 O a .3H*0. 
Both those hydrates givo off their water between l/>0° and 160°. The bismuth-salt 
has a deep orange-yellow colour. The calcium-salt resembles tho barium-salt. The 
cadmium-salt is yellow. Tho cupric salt, when first precipitated, is bulky, and of 
tho colour of ferric hydrate, but changes after a while to a heavy granular powder of a 
blood-red colour. The ferric salt is a browu-rod precipitate obtained by adding ehlo- 
risatate of potassium to iron-alum. The lead-salt, C ,a H ,0 Pb ”Cl a N 2 O a .2H 2 0, is produced 
as a brilliant yellow gelatinous precipitate, which, in a few minutes, especially if 
agitated, becomes flocculent, and of a splendid scarlet colour, almost as bright as that 
of mercuric iodide. Under the microscopp, the yellow precipitate appears pulverulent, 
without any trace of crystallisation, but the red flocks present the appearance of den- 
dritic vegetation. These red flocks contain 1 at. water, which they give off at 160°. 
The magnesium - and aluminium- sal Is appear to lie soluble. The mercury -salts are 
yellow precipitates. The nickd-salt is a yellowish crystalline powtlur. The silver-salt , 
C a H*AgCINO , t is a light yellow precipitate, which dissolves in bailing water and crys- 
tallises on cooling in needles grouped in tuffs, or in dendritic vegetations of yellowish 
colour. The zinc-salt is a yellow precipitate. 

Dieblorlaattc acid. CTUCTOO 1 . (Erdmann, Laurent, loc, cit.) — This acid 
separates from a concentrated solution of its potassium-salt, on addition of a mineral 
acid, in the form of a yellow precipitate, which, however, cannot be obtained pure; 
for by desiccation, even in vacuo at moan temperature, it separates into dichlonsatin 
and water. It dissolves in water, forming a light yellow solution, which becomes 


turbid at 60°, and deposits dichlorisstin. 

Dichlorisatate of potassium, C*H 4 KCl a N0 f .H 2 0.-- Pichlorisatip dissolves in cold 
aqueous potash, forming a deep red solution which becomes colourless when heated, 
and on cooling deposits the potassium-salt in shining yellow laminae, which may be 
purified by crystallisation from alcohol. They contain 1 at. water ( 6 per cent.), 

which is not completely expelled below 130°. When crystallised from absolute 
alcohol, the salt appears to contain only half of that quantity of water. It is decom- 
posed by heat, with a kind of explosion. 

The barium-sattf C**H*Ba M Ci a N 2 0*.2lI a 0, forms shining golden-yellow needles,— 
The cupric salt is a red-brown precipitate, which soon becomes greenish yellowjjpgjjtjf- 



m 


ISATILIM — iSAilN. 



stately crimson, the*e changes of colour anaing bom the •« 

■within the liquid. The lead-salt is a yellow precipitate,- ®e stlmr* 

yellow precipitate, which dissolves in a large quantity of boilingwater, atidfe^OnSe 
on cooling in transparent yellowish needles, grouped in tufts. When heated in^ciiatefct, 
with the air, it melts to a brown mass, and yields a sublimate of dic hlo risa t i n . 

ZfATILZM. CPWWO* «= 3 at. isatin + NH* — H 2 0. — A substance stated by 
Laurent (J. pr. Chem. xuv, 121) to be sometimes obtained when dry ammonia-guy 
is passed over isatin moistened with alcohol. Yellow non-crystalline flocks easily de- 
composed by potash. Its composition is rather doubtful. 

XBATZMZSB. C 24 H ,r N 4 0\ (Laurent, loc. cit .) — Obtained by passing dry 
amm onia-gas over isatin moistened with alcohol, either ordinary or absolute. When 
absolute alcohol is used, imesatin (p. 246) first crystallises out in prisms with square 
or rectangular base ; and the solution decanted therefrom deposits isatimide in the 
form of a yellow, shining, crystalline powder. It is insoluble in water, scarcely 
soluble in boiling alcohol or in ether, but dissolves easily in boiling alcohol, containing 
ammonia. Potash dissolves it with yellow colour and evolution of ammonia; the liquid 
contains isatin. 


XBATtM. C § H 5 NO*. (Laurent, Ann. Ch. Phys, [3] iii. 371. — Erdmann, J. pr. 
Chem.xxiv.il. — A. W. Hofmann, Ann. Ch.Pharm. liii. 11.— Gw. xii. 51. — Gerh. iii. 
534.) — This body, which was discovered simultaneously by Laurent and by Erdmann, 
in 1841, is produced by the action of nitric or chromic acid upon indigo: 


C"H 4 NO + 0 - C 8 H 4 NO*. 

Indigo. Isatin. 

Preparation . — 1 kilogramme of finely powdered, good commercial indigo is stirred up 
in a large dish to a thin paste with water ; it is then placed over a moderate fire, anu 
commercial nitric acid is gradually added (which causes a violent effervescence, without 
evolution of nitrous acid), until the blue colour has disappeared, for which, from 600 
to 700 grms. of nitric acid are necessary. The solution is boiled with several quarts of 
wuter, and filtered at the boiling heat, as rapidly as possible; after 12 hours, the isatin 
separates in reddish crystalline nodules. The mother-liquor is boiled with the undis- 
solved residue and filtered, 'the operat ion beiug two or three times repeated : the last 
mother-liquor still yields isatin on evaporation. The crystals are moistened with 
water containing a little ammonia, in order to removo a resinous matter ; they are 
then washed with cold water, and finally reciystallised several times from boiling 
alcohol (100 pts, of indigo yield 18 pts. of isatin) (Laurent). When an excess of 
nitric acid is employed, nitrosalicylic acid is formed. After each addition of nitric 
acid, it is necessary to wait until the effervescence is over. If no effervescence takes 
place, in consequence of the indigo being mixed with too much water, and if tile 
boiling is continued, whilst more and more nitric acid is added, a violent reaction sud- 
denly ensues when the solution lias reached a certain concentration, the mass over- 
flowing the vessel even when it is very capacious : the residue generally contains 
nitrosalicylic acid (Hofmann). — 2. Indigo is heated with chromic acid, properly 
diluted, until the whole nearly boils, when it is filtered hot ; isatin then crystallises 
out on cooling, and is purified by repeated recry stallisat ion from water, and lastly from 
alcohol. If the chromic acid is so concentrated that it causes an evolution of carbonic 
anhydride, the solution deposits little or no isatin on cooling, but a small quantity by 
spontaneous evaporation or in vacuo ; on evaporating the solution by heat, only sesqui- 
oxidc of chromium and a brown powder separate (Erdmann). Laurent drops a 
dilute aqueous solution of chromic acid upon powdered indigo, aim warms th© mixture, 
the addition of chromic acid being discontinued as soon as ihe blue colour has disap- 
peared, and the process continued as in (1). In order to puatfw crude isatin, which still 
contains resin, Hofmann dissolves it in potash, and carefulljrfildfl hydrochloric acid to 
the solution, as long as it forms a blaek or brown precipitate ; when a portion cat 
filtering is of a pure yellow colour, and gives a highly red precipitate with hydrochloric 
acid, the whole solution is filtered off decomposed with hydrochloric acid, and the 
precipitate washed with a little water. 

Properties. — Isatin crystallises in large, transparent, brownish-red prisms, dr in 
•mailer yellowish* red prisms, belonging to the trimetric system ; the crystals are very 
brilliant, especially when obtained from an alcoholic solution. They exhibit the com- 
bination ooP. a> Poo , Poo ; the faces oe>Poo greatly predominating. Inclination' of the 
feces »P : »P - 133° $0’ to 133° 65' ; Poo : P» - 127° ltf to 127° 30' (G. Bose, 
J. pr. Chem. xxiv. 11). Isatin is inodorous, and has a bitter taste. It melts when 
heated, and solidifies on cooling in a crystalline mass of needles ; when heated above 
Its melting point in contact with the air, the greater part volatilises, without decome 
^position, in yellow and very irritating vapours. It dissolves sparingly in cold, mor* 
Ifestty in boiling water, forming a solution of a dark-reddish yellow colour. Nitris 
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httt, And dwpoalte it ucciiAnned on ooo Hn g. 
Bpffipf||hjmndily ^ cMbl, less easily in ether. 

^ ;^MMpMm^* ai> Jtttin distilled in a retort leaves a large residue of charcoal 
plfimanjv Laurent). When thrown upon glowing charcoal, it diffuses the same 
odour as indigo, Heated in the air upon platinum-foil, it burns with a brilliant flame, 
and leaves abused residue of difficultly combustible charcoal. — 2. When isa tin is sus- 
pended in hot water, and a current of chlorine is passed through the solution, it is 
converted into chloris&tin ; no dichlorUatin is formed, even if the solution is exposed 
to sunshine. — 3. Isatin heated to 180° with chloride of ben zoyLyi elds a brown substance 
having the composition ofbenzoyl-isatin, — 4. Moderately warm 

mtrio add dissolves isatin without decomposition, but on boiling, a violent action takes 
place, attended with evolution of nitrous fumes, oxalic acid being formed together with 
a reddish-brown nitro-resin, soluble in ammonia ; no picric acid is formed. — 6. Isatin 
heated with fuming sulphuric acid, dissolves with brownish-red colour; a strong 
effervescence then takes place, and on treating the solution with water and alcohol, a 
yellow substance is obtained, which has not been further investigated. — 6. Isatin 
dissolves in cold potash without undergoing decomposition, and imparts to it a 
brownish red colour : after a time, or immediately on boiling, the solution becomes 
yellow and is found to contain isutato of potassium : 

C B NH 5 0 3 + H‘0 « C 8 NH T 0*. 

If this solution be concentrated by distillation, decomposition suddenly takes place, 
colourless drops of phenylamine passing over with the steam, and hydrogen Doing 
simultaneously evolved (Hofmann) : 

C«H # NO* + 4KHO - C*H 7 N + 2K 2 CO» + H». 

7. Ammonia forms with solutions of isatin, various products of decomposition, which 
vary according to the concentration of the ammonia and the solvent of the isatin ; 
mixtures of several compounds are always formed, each containing 1, 2, or 3 at. isatin, 
plus 1 or 2 at. ammonia minus water. — 8. Vhenylamine. behaves with isatin in a 
similar mannner. — 9. With sulphurous acid in presence of alknlis, isatin forms salts of 
isatosulphurous acid. — It dissolves in sulphite of ammonium, with formation of isatyde. 
— 10. When sulphydri c acid gas is passed through an alcoholic solution of isatin, di- 
sulphisatyde (p. 412) is formed. 

Isatites. — Isatin does not unite with acids, but rather itself plays the part of 
an acid, exchanging 1 at. of its hydrogen for an equivalent quantity of metnl. Isatin 
dissolves in cold strong aqueous potash, forming a very dark violet-red liquid, probably 
containing isatite of potassium, C"H 4 KNO*. On diluting with water and boiling, the 
colour changes to pale yellow, and the solution is then found to contain mutate of 
potassium. Isatite of cupr ammonium, C ,B H"(N*H a Cu)*N :, 0*, is obtained as a light blue 
precipitate on pouring an ammoniacal solution of isatin into an ammoniacal solution of 
acetate of copper. Isatite of silver , CTPAgNO*, is a wine-rod crystalline precipitate, 
obtained by mixing nitrate of silver with an alcoholic solution of isatin. It gave by 
analysis 42-5 and 42 2 per cent, silver (calculated quantity 42’52). On adding nitrate of 
silver to an alcoholic solution of iodine containing a considerable quantity of ammonia, 
a red crystalline precipitate is formed, consisting of isatite of argentammonium , 
C*H < (NH , Ag)NO a . It guve by analysis 35-23 per cent carbon, 2 60 hydrogen, and 
39*75 silver (by calculation, 35 42 carbon, 2 58 hydrogen, and 39 85 silver). 

Brominatcd and Chlorinated Derivatives of Isatin . 

These compounds, which were discovered by Erdmann, have the composition of isatin, 
in which 1 or 2 at hydrogen are replaced by an equivalent quantity of bromine or 
chlorine. They closely resemble isatin in form and properties, and when treated with 
caustic potash, ammonia, sulphydric acid, or alkalino sulphites, yield the chlori- 
nated and brominatcd derivatives of the bodies which are produced by the action of ' 
the same reagents upon isatin. 

llimilssUii CTI^rNO*. (Erdma nn, J, pr. Chem. xix, 358. — Hofmann, Ann. 
Ch. Pham. liii. 40.) — This compound is produced, together with dibromisatin, by the 
action of bromine upon indigo. The product is exhausted with boiling water, and the 
crystals which separate on cooling, are purified by recrystallisation from alcohol, the 
first portions which separate consisting principally of brora isatin (Erdmaim). 
Another mode of preparation is to suspend isatin in water, and shake it up tax sunshine 
with bromine, which is to be gradually added till the liquid no longer becomes eokstr- 
less on agitation. The compound is then boiled with weak alcohol, freed from hyfe^ 
bromic acid by washing with water, and recrystallised from boiling alcohol* 
(Hofmann.) # 7%*: 

Bromisatin mystaUjees by cooling in shining orange-coloured prisms* QaatflO 
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potash converts it, at mean temp 
with hydrate of potassium, it yield _ 

IMbronlsatfai. C^H^r^NO*. (Erdmann, loc. tit . — Hofri 
Ann. Cb. Phys. [8] iii. 880.)— This body remains inUhe 
obtained in preparing bromisatin, by the first of the methods above ( 
be separated by crystallisation ; but a better wav of pwjpanng itiq 
brom matin with bromine in sunshine, as long as hydrobromic ad^e 
It is purified by crystallisation from alcohol, from which it sep|irpt^‘ mjlp 
orange-coloured trimetric pribms. When distilled with hydrate of potassium, Tv ’j 
dibromophenylamine, . : 

Dibromuatite of potassium, , C 9 H 3 KBr*N0 2 , is obtained by gently heating a so 
of dibromisatin in absolute alcohol, and pouring into it a hot solution of ale 
potash. It crystallises in black scales, blue by transmitted light. 

Omortsatin. C S H 4 C1N0*. (Erdmann, Ann. Ch. Pharm. xxiii. 129.— Li*r©r! 
Ann. Ch. Phys. [3] iii. 478.— Hofmann, Ann. Ch. Pharm. liii. 12.)— Prodi 
1. By passing chlorine into tepid water, in which isatin is suspended.— 2. By the t 
of chlorine on pulverised indigo suspended in water. A large quantity of s *“■ 
yetlow substance is thereby produced, consisting of a mixture of chlori 
dichlorisatin, which maybe separated by solution in boiling alcohol, the < 
separating out first. It is purified by repeated crystallisation from alcohol. ^ 
Chlorisatin crystallises in orange-coloured prisms, isomorphous with isatin. 
served combination, <x>P . oof oo . Poo . Inclination of the faces, ooP : ooP 
Poo: foo » 134° 12' (G. Rose). It is inodorous, but has a bitter taste. Its ’dn#t 
irritates the organs of respiration and provokes sneezing. It is insoluble in coldwatS^ ^. 
but dissolves readily in boiling water and in alcohol. The solutions impart a di£&' 
agreeable odour to the skin. Heated in contact with the air, it melts to a 
liquid, and gives off yellow vapours having the odour of burning indigo. At a higjjv 
temperature, it partly sublimes and iB partly carbonised. 

Chlorisatin behaves with reagents like isatin. It dissolves in strong sulphuric i 
and separates on addition of water. With nitric acid it yields a resinous subslj 
oxalic acid, and a small quantity of an azotised body, which crystallises . 
grains, Sulphydric acid gas passed into an alcoholic solution of chloriBati^ 
white precipitate which increases on addition of water. Erdmann calls thilfr jpfr _ 
tate sulphoc hlorisatin ; according to Gerhardt, it is perhaps chlorinate 
tetrasulphisatyde, C^H'^CIWS 4 (analysis, 417 C, 2 37 H, and 3109 S; cal^li*|; 
tion, 44-7 C, 2 33 H. 29 83 S). _ - 

Caustic potash communicates a deeper colour to chlorisatin, converting it into chlo* 
risatito of potassium ; on heating the liquid, the colour disappears, and the liquid con- 
tains chlori satate of potassium. 

Chlorisatitc of argentammonium , C 8 H , (NII , Ag)ClNO*, is a crystalline precipitate, #! 
the colour of wine-leos, obtained by pouring an ammoniacal solution of nitrate qflj^ 
silver into an alcoholic solution of chlorisatin mixed with ammonia. 

Xlftotilortsatio, C"H*Cl a NO a , is obtained from the alcoholic mother -liquors, whiclf“ 
have yielded chlorisatin, and is purified by recrystallisation from alcohol. It crys- . 
tallises in small shining reddish-yellow needles, or shortened lamina, fusible, 
volatile when heated in a close vessel, soluble in water and in alcohol. 

Aqueous potash acts upon it in the same manner as upon chlorisatin. 
dichlorisatin is thrown upon solid potash moistened with absolute alcohol, a red 
tion is formed, which after a short time, solidifies in a violet-black magma coi 
of dichlorisatite of pot assium, the solution of which forms" with nitrate * 
a precipitate having the colour of wine-lees. jt . 

Chlorine does not act upon chlorisatin or dichlorisutin iip%>resence of i 
when either of these bodies is dissolved in hot nlcohol of 80 percent., and chi 
is passed through the liquid until nothing is formed but product* of the d 
tion of alcohol, a brownish yellow viscid mass is deposited at th© bottom^of the 
containing shining laminee of perchloro^uinone (chlorauil). Water extrr* 
ammoniac from this mass, and alcohol dissolves chloride of ethyl, pentachlj 
acid, and a resinous mass which forms the largest portion of the product* TJ 
ant yellow solution contains products of the action of chlorine upon ata 
" * r distillation, a residue corresponding to the resinous substance, bnfc 
'iloroquinone. (Erdmann, Hofmann.) v « Jf" 

nvSVBZC ACIDS. (G.and A. Schlieper, Ann. Ch. Phams: 
no acid, treated with oxidising ag©|p&snch nitric acid or ch“ 
bnobasio acid containing the elementwof isatin and sulphuric anl 
sO* ; and th© salts of this acid, tr©at«d[|nCh alkalis, yield a 
l th© elements of isatin and sulphuricii^ VW. C , H s NO , JSO*H** 
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■ped while hot,* and mixed vnth nitrate of potassium (to facilitate the 
SwJtosulphatc) ; the crystalline paste which separates is collected on a 
It&ihuk, dark-cd toured mother-liquor is separated by displacement with 
titjof water. This liquid evaporated and oooled, yields a small additional 
m&f of the potassium-salt. The isatosulphate of potassium thus obtained in 
fbrai of a brownish yellow, heavy, sandy powder, is contaminated with a resinous 
fy which adheres to It obstinately, and cannot be separated. # The acid and its salts 
ly however* be obtained pure by converting them into dibasic isatosulphates by the 
on of alkalis, and reconverting these into the monobasic isatosulphates with acids, 
limpure potassium-salt obtained as above is dissolved in hot baryta-water, which 
i»'“'“*tt'iad'dwrtill the solution is completely decolorised, and the excess of baryta is precipi- 
> tated by carbonic acid, the precipitate carrying down all the resinous impurities with 
*■ jt-^ The resulting pale straw-yellow solution contains a mixture of dibasic isatosul- 
potassium and dibasic isatosulphate of barium; and on precipitating the 
H fawb as exactly as possible with sulphuric acid, an orange-yellow solution of tba 
- monobasic salt is obtained whence the salt may be separated by evaporation and crys- 
U UUiaataon. If on the other hand, the solution be saturated while hot, with a quan- 
litA /if hydrochloric acid just sufficient to neutralise the potash, the liquid, which has 
acquired a dark orange colour, deposits bulky, bright red, ebmiug crystalline 
^ of monobasic isatosulphate of barium. 

lUFUonobasie Ieatoeulphuric acid, C*H»NSO»2H*p - C*H»N0 3 .S0 I .2H>0, may 
obtained in the free state by decomposing the solution of the barium-salt with an 

acid solution, solidifies, when evaporated to a 
k into a somewhat sticky, radio-crystalline mass, drying up in vacuo over 8ul- 
Ss acid to a yellow, silky crystalline mass, which docs not alter on exposure to the 
common temperatures, but easily gives up its water of crystallisation at 100 . 
la R yg Lgl fryin alcohol 1 ftHw easily than in water, and is insoluble in ether and m heme nr. 
■ " ^jKuWttlphuric acid is a strong acid, separating even the stronger mineral acids from 
, h m^T salt#. It is not decomposed by strong sulphuric or nitric acid , even with the aid 
heat ; but nitromuriatic acid, or a mixture of hydrochloric acid and chlorate of 
potassium slowly decomposes it, with formation of ehloraml. The aqueous solution 
appears to be scarcely altered by chlorine. The alcoholic solution treated with am- 
monia gas yields viscid, dark brown-red bodies, probably amidated compounds. The 
«cid i« not reduced by hydriodic acid, but the reduction is effected bv nm \ hydro- 

& Uric or sulphuric acid , the solution being thereby completely decolorised. Sulpha- 
dfic acid, and especially sulphide of ammonium, likewise reduce the acid, yielding tho 
fcnmonium-salt of hydrindin-sulphuric acid (p. 266). 

Salts of Monobasic Isatosulphuric acid.— Mono-amnumic isatosulphate, 
OTIVNHMNSOMPO, ia obtained by decomposing uny otlior salt of the acid wun an 
excess of an ammonium-salt in which the resulting salt is sparingly soluble ; or by 
fixing a solution of the free acid with excess of sal-ammoniac. The salt crystallises 
111 sliinimr deco vellow needles, easily soluble in water. . . . . .. 

i The vvmobantic salt , C ,# H"Ba"N*S*0‘* 3H 2 0, is formed by precipitating a solution 
qfjhlorid* or mtrate of barium with the free acid. It is insoluble m alcohol, sparingly 
rfttble in cold, somewhat more in hot water, forming a light yellow solution. 

Wfb* monocalcic salt , C'-H^a'NW*.2H*0, is obtained by precipitation, wd 
ibntallises in small, shining, gold-yellow needles which dissolve somewhat slowly m 
’““'tor, blit more easily than the barium -salt. n j] 

m>«2>no£olassic salt, C*H‘KNSO*.HK) costalhses in small £ o1 W ™ 

vi«Ul aaandv Dowder. It is insoluble in alcohol, dissolves in about 20 Jrts. of 
nA arJSLwlmt Um of hot water whence it crystallises slowly. It is not altered 
" ^th atrong hyd^chloric laid. It give? off all it. water of crystallisation.* 
• high temperature; indeed all the «ulU of monobasic watorolphuno acid 

■ vi T water till heated above 100°. . . . , - 

argentic tall, C*H‘AgNSO».H*0, separate. .lowly on mixing, a re lntlOPj 
_Jlt with nitrate of silver, in hard, needle-shaped, boney-yeUowwrrtH 
raolnble in water. J 


>* f 2H a 0 t is obtained by mixing a 
l the potassium -salt wi» 6 or three times its volume of a 
i chlondeof sodium, ajid^rystallises, on leaving the liquid at rest, i 

1 ,*»Jm** e Cni*M'5S0* - CH‘K0«a 


salt, CTCNaNS 

ie potassium-salt with 1 
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These salts am formed, as already observed, by the aet^^^^^^A^h^i&oQobasie 
Isatosulphates. All alkali? produce the change provided excess ; if 

an insufficient quantify of alkali be added, a deep red,^or violet 

colouring is product, which, though transient ft aimefaif ;Vradwpp3b$; formation 
of an intermediate compound The transformation!* likewise eflbdfci^d by alkaline 
carbonates. ^ ** 

Dibasic isatosulphuric acid has not been isolated ; when separated from the solution 
of either of its salts, it is converted in a short time at ordinary temperatures, 
Immediately when heated, into the monobasic acid. 

The diammonic salt is produced by boiling isatosulphuric acid for some time with 
excess of ammonia, or by decomposing the dibarytic salt with sulphate of ammonium. 
The«solution dries up, in vacuo over oil of vitriol, to a yellow gummy mass exhibiting 
but slight traces of ciystallisation. 

The dibarytic salt , C 8 H 5 Ba"NSO* . 3 IPO, is obtained by dissolving the monobarytic 
salt in boiling baryta-water, and removing the excess of baryta with carbonic acid. 
The slightly coloured solution yields, by evaporation or cooling, shining, lemon-yellow 
silky needles, more soluble than the monobasic salt in water, but insoluble in alcohol. 

The diplumbic salt. C 8 H s Pb"NS0 8 . §H 2 0, is obtained by mixing a concentrated solu- 
tion of the yellow potassium-salt with an excess of a concentrated solution of acetate 
of lead ; it crystallises in slender, shining, dark yellow needles, which dissolve readily in 
water. 

The dipotassic salt , C 8 H 4 K 2 N 2 SO* . IPO, obtained by decomposing the barium-salt 
with neutral sulphate of potassium, crystallises slowly, by spontaneous evaporation, in 
hard, shining, transparent, wax-yellow prisms, which dissolve readily in water, and give 
off their water of crystallisation between 140° and 150°. 

The diargentic acid , C 8 H 4 Ag 2 NS0 6 . §IPO, separates on mixing a solution of the po- 
tassium-salt with excess of nitrate of silver, in concentric groups of bulky needles, 
which, after drying, form a light spongy pale yellow mass. It is sparingly soluble in 
water, and does not give off its water of crystallisation till heated above 100°. 

XSATOSITXiPBITES. (Laurent, Rev. scienfc. x. 289— Gm. xiii. 5G.— Gerli. iii. 
— Sulphurous anhydride does not act upon isatin alone; but in presence of potash 
or ammonia, peculiar salts are produced, containing the elements of isatate of ammonium 
or potassium, together with sulphurous anhydride. The acid corresponding to these 
salts has not been isolated, being decomposed when the salts are treated with a stronger 
acid ; The chlorinated and brominated isatins yield corresponding compounds under 
the influence of alkalis and sulphurous acid. 

/ satosiUphitr. of Ammonium, C H II 8 (NH 4 )N0*.2S0 2 , is obtained by boiling isatin with 
ficid sulphite of ammonium, and concentrating the liquid by evaporation. It th< n 
separates in small rhomboidal tables of a pale yellow colour, sparingly soluble in cold, 
but very soluble in boiling water. 

Isatosulphitc of Potassium, C 8 II 6 KN0*.2S0 2 , is produced by passing sulphurous an- 
hydrido to saturation into a solution of isatin in potash, or into a solution of isatate of 
potassium, or by boiling powdered isatin with acid sulphite of potassium, till it' is 
completely dissolved. 

The salt is neutral, has a faint yellow colour, is moderately soluble in water, and 
crystallises therefrom in elongated lamina* possessing considerable lustre. It is 
moderately soluble in boiling alcohol, very little in cold alcohol. Its solutions are 
yellow. When heated it aquiros an orange-red colour, swells up and gives off water, 
and at a higher temperature blackens, and gives off a red thick matter, which solidifies 
without crystallising.— Iodine decomposes it Ht the boiling hea^risatin being precipi- 
tated and sulphuric acid remaining in the liquid. Chlorine afto forms sulphuric acid, 
but at the same time throws down chlorisatin or dichlorisatin, tjpording to the duration 
of the action. Hydrochloric acid poured into a boiling solutiKW the salt eliminate* 
B °l p hurouB anhydride, with effervescence, and precipitates isatin. 

The solution of the potassium-salt, does not form any precipitate with chloride of 
banum, strontium, or calcium, or with acetate of copper; but with nitrate of silver and 
acetate of lead, it forms precipitates consisting of a metallic sulphite, together with 
isatin. 

JXbrormsatosulpkite of Potassium , C 8 H 4 Br 2 KN0*.2S0 2 , is a yellow precipitate* 
sparingly soluble in water. 

Ckhnsatosnlphite of Potassium , C"H s ClKNO*.2S9 s , is obtained by passing sulphu- 
rous anhydride into a solution of chlorisatate of potassium. The liquid yields by 
evaporation a straw-yellow, fibro-lamellar salt, sparingly soluble in cold water. Acids 
decompose it, with precipitation of chlorisatin and evolution of sulphurous anhydride. 

Dicklorisa tos ulphite of Potassium, C^CPKNO*. 2SO*. Yellow needles obtained by 
boiling dichlorisatin with acid sulphite of potassium. 
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evjL lit* 551.}— A substance produced by the action of rodtioing 
art hydrogen, sjilphydric add, sulphide of ammonium, Ac. on 

SOT^O^'S# - (C*H*^0*) , .B^ + s. 

Itatln. I»atjde. 


It beers to isatin the same relation that indigo-white bears to indigo-blue. 

The best modo of preparing it is to mix powdered isatin in & flask with a large 
quantity of water and a little sulphuric acid, then add a piece of pure sine-foil, and 
heat the liquid. As the isatin dissolves, it takes up the nascent hydrogen, and is con* 
verted into pulverulent isatyde, which may be washed with water, and then boiled with 
alcohol to remove undecomposed isatin. Isatyde may likewise be obtained by dissolv- 
ing isatin in hot alcohol, and adding a small quantity of sulphide of ammonium. The 
mixture left to itself for a w<>ek doposits laminated and prismatic crystals of isatyde, 
mixed with octahedral crystals of sulphur, which must be removod by digestion with 
disulphide of carbon. 

Isatyde is white, with a slight greyish tint, tasteless, and inodorous, and appears to 
be insoluble in water. It dissolves in very small quantity, in alcohol and ethor, at the 
boiling heat, and separates on cooling in microscopic scales, having the form of oblique 
prisms with rectangular base. 

Isatyde softens when heated, and then turns violet-brown (being perhaps converted 
into a mixture of indin and isatin) ; if the heat bo increased till the body is half 
melted, it suffers further decomposition, yielding a substance which dissolves in alcohol 
and crystallisos in brown-red needles by evaporation. 

Boiling nitric acid decomposes isatyde, producing a violet powder which ultimately 
dissolves. Potash likewise decompose it, forming isatato of potussium and indin* 
potassium, which ultimately changes to hydrindin-potassium and other products of 
unknown constitution (see p. 264). 

Erdmann (J. pr. Chem. xxiv. 15) gives the name of isatyde to a substance which 
lie obtained by dissolving isatin in hot sulphide of ammonium. This substance gave 
by analysis numbers agreeing approximately with the formula C ,6 H I2 N 2 0 , 1 It was 
white, very slightly crystalline, scarcely soluble in water, but solublo in ammonia, with 
red colour gradually changing to yellow. Potash dissolved it with deep-red colour, dis- 
appearing when the liquid was heated ; the solution, on cooling, deposited a crystalline 
salt, and yielded yellow flocks with hydrochloric acid. 

CMorlaatydes and Bromisatjrdes. (Erdmann, Ann. Ch. Phurm. xxxiii. 120. 
— Laurent, Ann. Ch. Phys. [3] iii. 382.) — Dichloriaatydc, C’Ml^Cl^N'O^, is pro- 
duced by the action of sulphide of ammonium on chlorisatin. It is white, cry«tallis- 
abh\ insoluble in cold water, sparingly solublo in hot water; moderately soluble in 
ladling alcohol, soluble also, apparently without alterat ion, in a hot solution of sulphide 
of potassium. Heated to 180°, it is resolved into chlorisatin and chlorindin : 


2C , *H'°CI 2 N 2 0 4 ~ C w H*Cl I N 2 0 !t + 2C*JI<CIN0 2 + 2H 2 0 

Clilor isatyde. Chlorindin. Chlorisatin. 

Chlorisatyde is coloured red by ammonia , and partially dissolved. It dissolves in 
lxbling aqueous potash, being converted into chlorisatato of potassium, which 
crystallises on cooling. The mother-liquor, treated with hydrochloric acid , yields a 
copious light-yellow precipitate, which is partially dissolved by boiling water, the inso- 
luble part consisting of chlorindin, and the dissolved portion of ch Iorisatydic acid, 
probably a product of the decomposition of chlorindin. This acid is deposited from 
the aqueous solution in the form of a lemon-yellow substance, which forma* with 
potash, a soluble salt having little tendency to crystallise. The solution gives, with 
salts of lead, copper and barium, yellow precipitates which redissolve in the liquid 
when heated. 1 

Tetrachlorisatyde , C’HPCPN’O 2 . — Produced by the action of sulphide of 
ammonium on tetrachlorisatin. It resembles the preceding compound, and ii decom- 
posed in like manner by heat into tetrachlorisatin and tetrachlorindin. It likewise 
behaves in a similar manner when boiled with potash, yielding, among other products, 
probably by a secondary decomposition of dichlorindin, the potassium -salt of a peculiar 
acid (i dichlorisalydic acid) which, as the liquid cools, is deported in yellow, shining * 
laminae. 

Tetrahromisatyde, resembles tetrachlorisatyde, and is prepared 

in a similar manner. It turns brown when heated, and is resolved into dibromuatin 
and dibromindin. 

talptifttatjrdSi C^H’WCPS. Stdphasathydc . (Laurent, Ann. Ch. Phys. [5] 
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ill 463). — Obtained by adding alcoholic potash drop by dio^le/antdcoholic solution 
of disulphisatyde : 

C”H"1TO*SP + KHO « C-H^OTS + KH& 

DisulpliUatjde. Sulpbliatyde. 

The liquid turns red, and after a few seconds deposits a white crystalline precipitate 
of sulphisatyde, which must be washed with boiling alcohol and dried. It generally 
.Juts a faint rose tint, due to the presence of a small quantity of iodine. 

• Sulphisatyde when pure is a white, crystalline, inodorous, and tasteless powder ; it 
crystallises from hot alcohol in microscopic rectangular scales. It is insoluble in water , . 
Boiling alcohol dissolves only traces, which separate out on cooling in small crystalline 
scales. It is not more soluble in ether than in alcohol. 

Sulphisatyde, when heated , melts, turns red, swells up, and decomposes, while sul- 
phuretted hydrogen is evolved, and a rose-coloured oil distils over, together with the 
vapour of a substance which crystallises in needles ; finally, there remains a bulky 
residue of charcoal. It is converted by nitric acid into a violet powder, which, 
in all probability, is nitrindin ; the solution contains sulphuric acid. It is decomposed 
by cola ‘potash with formation of various products, among which is indin ; tho solution 
evolves sulphuretted hydrogen on the addition of hydrochloric acid, and gives a pre- 
cipitate consisting of sulphur and a little reddish matter. On treating sulphisatyde 
with warm potash, hydrindin is formed. 

XMeulphleatyde. C^H^N^O^ 2 . Sulphesathyde. (Erdmann, J. p. Chem. xxiv. 
16. — Laurent, Ann. Chim. Pbys. [3] iii. 463.) — Produced by the action of sulphydric 
acid upon isatin. 

The decomposition takes place in two stages, sulphur being first deposited, and 
isatyde producod, and this compound being afterwards converted into disulphatyde, 
with formation of water : 

- 2C*H a N0 3 + IPS - C'*H ,s N 2 0 4 + S. 

: P Isatin. isatyde. 

and 

C‘H'*N»0 4 + 2H*S - C ,4 H l2 N 2 0 2 S a + 2H a O. 

Isatyde. Disuiplmatyde. 


Preparation . — When sulphydric acid gas is passed through a boiling concentrated 
alcoholic solution of isatin, the liquid becomes pule yellow, and forms a crystalline 
-deposit, which increases on cooling, and consists of microscopic sulphur-crystals and 
scales (isatyde). The solution is left to itself for a week, that the greater part of tho 
sulphur may crystallise out ; it is then poured off and mixed with a little water, and 
the resulting precipitate is removed, as it contains sulphur; it is then shaken up with 
more water, which precipitates the disulphisatyde as a brownish grey resinous sub- 
stance. (Laurent.) 

Disulphisatyde, wlien dried, is a yellowish grey, inodorous, and tasteless powder. 
It docs not crystallise from its alcoholic or ethereal solution, either on cooling or by 
spontaneous evaporation (Laurent). On drying at 110° it always becomes bluish or 
brick-red ; if the solution is exposed to the air for some time before the addition of 
WHter, the precipitate is brownish-red. (Erdmann.) 

Disulphisatyde swells up strongly when heated in a glass tube, and melts, with evolu- 
tion of sulphydric acid ; at the same time a brown oil and a needle-shaped sublimate 
are formed, and there remains a bulky residue of charcoal. When boiled with strong 
nitric qcidi it puffs up, evolves pernitric oxide, and dissolves; water precipitates yellow 
flakn tuqm the solution. In boiling nitric acid diluted with its pwn bulk of water, it 
putSyjpand gives off nitrous fumes. If the reddish-brown swollen mass is treated, 
minutes, with .alcohol, the latter takes up a reddish substance, which is 
iitaolUtUe in water, but soluble in potash, from which it is pnHkhtated by acids. The 
igon insoluble in alcohol dissolves in potash, and on neutflnsing the solution with 
a white precipitate, insoluble in water, is formed, consisting of microscopic 
The liqnid obtained by the action of nitric acid contains sulphuric acid, but 
{ acid. Bromine Acts violently upon disulphisatyde, with evolution of bromide 
hr and hydrobromic acid, and forms a yellow mass containing bromindin, an 
yellow crystalline mass, and a little resin. Disulphisatyde dissolves in strong 
uric acid, with the aid of a gentle heat; the red solution is not precipitated by 
water ; potash colours it green, but <loes not precipitate it. On treating disulphisatyde 
with potash, sulphisatyde and various other products (amongst others, indin) are 
formed, which, however, cannot be produced at will. (According to Erdmann, the 
solution deposits a crystalline salt.) A mmonia behaves in a similar manner. With 
acid sulphite of ammonium, at mean temperature, disulphisatyde produces various 
compounds, among which is found the ammonium-salt of a peculiar acid, called 
f ulpbisutanous acid. This salt ig r a^rstal Usable, soluble in water and alcohol, and 
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ita alcoholic with dichloride of platinum, a yellow precipitate, which, 

when decomposed by iralphydric acid, yields the free acid. 

When, on the other hand, disulphisatyde is treated with acid sulphite of ammonium 
at the boiling heat, there is generally deposited a mixture of indin with a white sub- 
stance which has not been examined ; sometimes, however, a different reaction takes 
place, resulting in the production of isatan (p. 404). 

XBllZir* Titaniferous iron. See Titjlnatbs. 

XSBTHXOJrXO ACX3>. CWSO 4 =* C*H<.SO<H* (Gm. viii. 428.«-~Oe*h. ii. 234.) 
—This acid, which is isomeric with ethyl-sulphuric (sulphovinic) acid, and may be re- 

(C S H 4 )" | 

garded as ethylene-sulphurous acid, (SO)" 10*, was discovered by Magnus in 1833 

H J 

(Fogg. Ann. xxvii. 378), and has been further examined by Liebig, Regnault, 
Woskresensky, Berzelius, Kolbe (Ann. Ch. Pliarra. cxii. 241), and Oarius (ibid. 
exxiv. 257). It is produced: — 1. By the ebullition of ethionic acid (ii. 528). — 2. By 
the prolonged action of strong sulphuric acid, or of sulphuric anhydride, on alcohol or 
ether, and is found among the residues of the preparation of ether. — 3. By the action 
of nitrous acid upon' taurine, C 2 fTNSO s , which may bo regarded as the amic acid of 
isethionic acid. A solution of taurine in dilute nitric acid, treated with nitrite of potas- 
sium, is converted into isethionate of potassium. (W. Gibbs, Sill. Am. J. [2] xxv. 80.) 

Preparation. — 1. Vapour of sulphuric anhydride is passed into absolute alcohol 
cooled by a mixture of ice and salt; and the resulting yellowish oily liquid is mixed 
with water, boiled for some time, and then saturated with carbonate of barium. The 
product thus obtained is isethionate of barium ; if the water were added gradually, and 
the liquid were not boiled, ethionate of barium would be produced, but no isethionate. — 
2. Vapour of sulphuric anhydride is passed for some time into anhydrous ether; water 
is then added, which separates the excess of ether containing heavy oil of wine;, And 
the solution is heated to ebullition ; it then gives off, first ether, then alcohol, And 
ultimately contains nothing but sulphuric and isethionic acids, which may be separated 
by saturation with carbonate of barium. 

To obtain the free acid, the barium-snlt is cautiously decomposed with the exit et 
quantity of sulphuric acid required, and the flltrato is evaporated, first by gentle 
heating, then in a vacuum over oil of vitriol. > 

Isethionic acid is a viscid, strongly acid liquid, which decomposes acetates and common 
salt. It bears without decomposition a heat of 150°, but blackens at higher tempera- 
tures. 

The isethionates , C 2 II*MS0 4 , are obtained by decomposing the barium-salt with 
solutions of the corresponding sulphates. They arc soluble and cry stall isable, and are 
distinguished from the ethyl-sulphates, with which they are isomeric, by their ttpucli 
greater stability, most of them sustaining, without alteration, ft temperature of 200°. 
When an isethionate is heated with caustic potash, hydrogen is evolved, and there 
remains a mixture of carbonate, oxalate, sulphate, and sulphite, the proportion of these 
products varying with the degree of heat which has been applied. Isethionate of potas- 
sium, distilled with pentachioride of phosphorus, yields C 2 H 4 SO*Cl*, or £1*, 

which, when heated in scaled tubes with ammonia, yields taurine (Kolbe): 

C 2 H 4 S0 2 C1 2 + NH* + 11*0 - C 2 II T NSO* 4- 2 II Cl. 

Isethionate of ammonium, C*IP(NH 4 )S0 4 , forms well-defined octahedron^ wbich 
preserve their transparency in a vacuum, and do not lose weight at 120°. .. ^ r : 

The barium-salt , C 4 H ,0 Ba"S 2 O - f crystallises in transparent six-sided 
may be heated to 300° without loss of weight. They melt at 320°, and dw<M |p|> at 
a stronger heat, the salt blackening, swelling up to more than 100 times it*-4NPj|l]|Ml 
volume, and giving off a liquid of very pungent odour. 

The eopper^salt, C 4 H ,0 Cu'B t O*.2H 2 O, forms pale-grr en right prisms with 
base, and bevelled with two faces resting upon the acute edges. At 140° ff ; | 
white, and gives off 19*7 per cent, water of crystallisation. - 

The potassium-salt, C IPKSO 4 , forms rhomboidal prisms which are unalUMM ftt 
the air, and bear without decomposition a heat of 300°. It melts between 30KJ® ltd 
350°, forming a liquid which, on cooling, solidifies into a fibrous mass having thn. # 
appearance of porcelain, and undiminished in weight The salt crystallises readily* 
from boiling alcohol. 

XIOBnnUBT. (^HW.-A compound isomeric with biuret (i. 600), produced 
by the action of ammonia on tribrom-acetyl-carbamide : 

CHVCTJr^lPO + NH* - C 2 H*N*0* 4 CHBr* 

Trlbrom-Acetyl- Uoblurct. Bromo- 

cartamUle, 5 form* 
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It dissolves sparingly in cold, easily in hot water, and crystallises from the solution in 
longj needles containing C*p*N*0 2 .2H 2 0, and melting at 185°, whereas biuret forms 
indistinct crystalline aggregations, and melts at 177°. In all other respects, the two 
substances resemble each other exactly. (A. Baeyer, Ann. Ch. Pharm. cxxx. 154.) 
UOaROMOMALlZO ACXX>. See Maleic acid. 
tSOOAJFVTBirS. See Cajputbnb (i. 311). 
i, X0OCHBTABKXDB* See the next article. 

^OWPIO ACID. C ,5 H w 0 2 . — An acid discovered in 1854 by Bouis (Compt 
find, xxxix. 923). It is produced by saponifying the oil of Jatropha Curcas (huile do 
mldicinier), the quantity obtained being 18 or 20 per cent, of the weight of the oil 
After separation by pressure from oleic acid, and crystallisation from alcohol, it forms 
shining Sttales which melt at 55°, and solidify again at 53*5°. Its silver-salt fe soluble 
in prater, very soluble in alcohol, melts when heated, and burns easily without odour 
leaving -a residue of metallic silver. ’ 

'#*■ Jbootiate of Ethyl, prepared by the usual methods, is odourless, melts 

; JT thf heat of the hand, and solidifies at 21°, remaining perfectly transparent, and 
a crystalline structure. 

, f0ostamide, C ,8 IP'NO, is obtained by heating the oil above mentioned with ammonia 
in a sealed tube. It is white, nacreous, melts at 67°, and is not attacked by strong potash. 
ISOdTAJM naio ACID. Syn. with Fulmjnukic acid. 
XSJjmWOMOSTCCXXTXC ACID. Sco Succinic ACID. 

. MOMOXiTODX.XSTHYX.BjrXC ACIX>. (Barth and Hlasiwetz, 

Ann. Ch. Pharm. cxxii. 96). — An acid isomeric with diglycol-ethyl enic acid (ii. 914) 
produced by treating milk-sugar with bromine and the product with oxide of silver 
A bromine-compound of milk-sugar, C^H^O^r 2 , (not isolated) appears to be first 
formed ; and this when treated with moist oxide of silver yields bromide of silver 
and the acid, Oil'®!) 8 . 


The acid is prepared by heating 30grms. milk-sugar (1 at. = C 8 H ,0 O s ) with 60grms. 
bromine and half a litre of water, to 100° in strong well-closed bottles. The somewhat 
dilate yellowish solution is neutralised with moist oxide of silver (or oxide of lead) ; and 
the filtered solution is decomposed by sulphydric acid, evaporated at a gentle heat, mixed 
With Alcohol to remove a little lime, freed from alcohol by distillation, and saturated, 
while still hot* with carbonate of cadmium. The slightly acid solution, decolorised 
With animal charcoal, yields the cadmium-salt in groups of granular crystals. To 
free acid, the cadmium-salt is rubbed up to a thin paste with water, and dc- 
mmmMd while hot by sulphydric acid, and the filtrate is evaporated to a syrup, which 
dries up to a soft, hygroscopic, crystalline mass.— This acid muy also be 
formation of the intermediate bromine-compound, by treating 
mi 5rlN^ r witb the preceding quantity of bromine, neutralising the solution with 
carbcpfcto of sodium, and boiling. 

^Ajyfccid, agreeing with the preceding in every respect excepting the amount of its 
* K> * er ’ 18 obtainotl in . bke m * nnor from gum-arabic. With starch only, a 
ty^of an uncryst.allisablo acid mass is obtained. Maunito, cane-sugar and 
. with brom5no un<l water, form hydrobromic acid, which then gives rise 
Idpt &Rhation of humus-like products. & 

/M^iglycol-ethylenic acid dried over oil of vitriol contains 13’9 per cent water 
^ the fo nnula, 2C 8 H l0 O 8 .3H 2 O. It has a strong acid reaction, melte 
° and burna on P lfltinum 'fo il * giving off the odour of burnt sugar. It 
m alcohol and is precipitated from the solution in' flocks by ether. Tho 

I relation is not precipitated by neutral or basic ucetafe of lead, mercuric nitrate, 
iryta, or lime-water, but forms a white precipitate Vkh ammoniacal sugar of 
he ammonium-salt reduces an alkaline cupric solufwi, and forms a speculum 
lied with nitrate of silver. The acid possesses optical rotatory power. 
wol-ethylenaU of ammonium, C 8 II 9 (NH 4 )0 B .H 2 O, orystallises in large, trans- 
lasey crystals of the monoclinic system. It dissolves in water, is ’nearly 
in alcohol, and gives off all its water at 120°. 

imium-salt crystallises from a hot-saturated solution in granular amrreffates 
lime needles containing C'*H"C<i"0“ 3H«0 1 from dilute solutionTorfrom 

,7 "fT 11011 ’ ,D * e i}- dCTe] oM monoelinie crystals, mostly 
united in tofts Both tlicsohydrates, especially the former, are sparingly soluble in 
water, and both retain all their water of crystallisation till heated to 180®. 

The calcum-nli C»H"Ca"0'*.7H«0, crystallises in crusts, or from more dilute 
solutions in large shining plates ; it gives off 4 at. water at 1 00°, and the rest at 140°. 

tE 6 7 *7° a containing only half as much water as the preceding. 

The bartum - and strontium-salts are gummy, F ® 
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The copper-salt is soluble and amorphous. 

A bad-salt having approximately the composition, C l *H l, Pb"0 , *.4Pb"0.H , 0, is ob- 
tained as a white precipitate on treating the solution of the acid with neutral acetate 
of lead and ammonia. 

The potassium-salt forms a viscid uncrystallisable mass, easily soluble in water, and 
precipitated by alcohol. 1 

The silver-salt is a gelatinous, easily decomposible precipitate, formed only in concen- 
trated solutions. 

The sodium-salt forms tufts of prisms, which in the air-dried state cbnta&i 
CfEPNaO^IPO, and give off half their water at 100°. 


This term is derived from Taos equal, and /xlpos part, and its employ- 
ment by chemists is an expression of the fact that very different chemical compounds 
have sometimes identically the same ultimate composition. 

Two or more different bodies which are composed of tho same elements, anddf"$hA 
same proportions of those elements (*.e. which have the same percentage compoiiti#n) 
are said to be isomeric. W 

Isomerism is sometimes used in a narrower sense, being made to signify ^equality sdfA 
molecular weight, as well as identity in percentage composition. When tho eompofodl 
have the same percentage composition but different molecular weights, the term poly-, 
meric is employed. Thus there are the terms Isomeric (in its wide sense), signifying 
that the different bodies have tho snmo percentage composition ; Polymeric^ signifying 
that these different bodies have the same percentage composition, but different mole- 
cular weights; Isomeric (in its restricted sense), sometimes called Metamerio , that the 
bodies have the same percentage composition and likewise the same molecular weight. 

As might naturally be expected, cases of isomerism abound in organic chemistry, 
where an enormous number of compounds result from the combination of very few 
elements. The following organic substances may be cited by way of illustrating tho 
employment of the term isomeric and its congeners. 

Butyric acid . C 4 1P0 j 

Acetic ether ^ 

Aldehyde ^h’J 0 

Oxide of ethylene ...... (C s H 4 )"0 


■!° 

’ 1 ° 


- C‘H"0* 


cw 


J 


- C 2 I1 4 0 

- C*H*0 ..^v 

These four bodies are quite different, and havo tho same percentage com position id*.. 

Carbon 64 *65 

Hydrogen 909 

Oxygen 36*36 iv 

l o o : ob V 

They aro Isomeric , or Isomers , using tho term in its widest sense. *v 

Again, butyric acid and aldehyde havo different molecular weights : — • ■ 

Butyric acid C 4 H*O a «» 86 

Aldehyde C 8 H 4 0 ~ 44 

Butyric acid and aldehyde are therefore Polymeric . 

Similarly acetic ether and aldehyde are Polymeric , or acetic other and oxide of 
arc Polyjneric, or butyric acid«nd oxide of ethylene are Polymeric . 

Again, butyric acid and acetic ether have the same molecular weights, viz.: 

Butyric acid C 4 HK>* «» 88 

Acetic ether C 4 H*O a 88 

They are therefore Isomeric (in the restricted sense) or Mctameric , Aldehyde 
oxide of ethylene are also metameric bodies, v. 

Closely related to the term isomerism is the term alio tropy. Both of theml^ 
reference to the same substantial fact, viz. that different substances have sometimes 
same ultimate composition ; but they differ in their manner of stating it. Isomeric ; 
allotropic are in fact complementary terms, 44 isomeric " being employed to predk 
identity of composition between different bodies, whilst 44 allotropic " expresses 
r*nce between bodies of identical composition. 

Such being the force of these words, there is a certain propriety in their usage; thus 
whilst it is correct to say, 44 Butyric acid and acetic ether are isomeric” it should be 
u There are allotropic bodies of the formula, C*H T N.” The same reason w hich enjoins 
the use of 44 allotropic” in this case, prescribes it in the instance of single elements; 
thus, for example, we read of “ allotropic kinds of sulphur," but never of isomeric kinds. * 
It is worthy of remark that cases of isomerism occurring in inorganio chemistry, are, 
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usually described by employing the word allotronjr or allolropie, whilst the rents* 
obtains in organic chemistry. This may be partly ascribed to there being always a 
very wide difference— or else no difference at all -in the composition of any definite 
inorganic substances; and hence the fact of identity or non-identity of composition 
being so easily ascertainable, it is implied in the form of expression, whilst the fact of 
difference of properties alone needs to be made the subject of formal predication. 
Among organic bodies, on the other hand, it continually happens that the differences 
of composition are quite decided, and yet so very minute as to tax the utmostpowers 
of chemical analysis for their recognition ; and hence the superior dignity which the 
mere affirmation of identity of ultimate composition acquires in the organic depart- 
ment of the science. 

The principal examples of allotropy or isomerism, i.e. of the coexistence of identical 
ultimate composition with difference of properties, will now be considered. 

Hydrocarbons. — l. The olefines, a numerous class having the general formula, 
OH 7 *, form a very remarkable case of polymerism. Methylene, the lowest term, where 
*«■]., is wanting, and appears to be an impossible body ; for many reactions in which 
it should be produced yield the higher terms instoad. The olefines at present known 


Ethylene 

. CHI 4 

Vapour* 

density. 

0-97 

Boiling- 

point. 

Propylene 

. C S H 8 

1-45 

. . 

Hutyleno ..... 

. C 4 H* 

1-94 

35 ° 

Amylene ..... 

. CHI’ 0 

242 

Hexylene ..... 

. CHI' 2 

2*91 

69 ° 

Ileptylene ..... 

. cm 1 * 

3*39 

93° 

Octyleno ..... 

. CHI'* 

3-87 

125° 

Decatylene (paramylene) 

C 10 !! 20 

4-84 

165° 

Cetyleno 

! C'HI 32 

77 5 

275°. 


By the destructive distillation of wax, Brodio obtained eerotone, for which the formula 
C i7 H &4 has been given ; but there is in reality no reason whatever why C 27 H S \ rather 
than any other out of a considerable number of formulae, should bo assigned to it. 

The percentage composition of the olefines is 

Carbon «=■ 85 - 72 
Hydrogen = 1428 

ldtToo 

vj/They present a certain general chemical character. All of them combine with chlo- 
: apd bromine with great readiness. They differ in vapour-density, those near the 

‘Ruing of the list increasing regularly in vapour-density by 0 4844. The first two are 
.tons Ht ordinary temperuture and pressure; the third is a very volatile liquid boiling 
IHiitjkfot 0° C. ; the others on the list are liquids of which the boiling-point rises as the 
fdtthula increases ; and the very complex olefines which, being uncertain, are not on the 
are usually believed to be solids. It will be observed that the increment in boiling 
%o!h.t for the addition of CH* to the formula is large ; between amylene and hexylene, 
flfciUQtance, it is 34°. As the series is ascended, the increment becomes, no doubt, 
successively smaller and smaller. 

ft The specific gravity of the different olefines in the liquid state seems to increase as 
the formula increases. 

There are certain well ascertained chemical differences between the olefines. Thus 
the amount of olefine which will saturate a given quantity of'chlorine, or of bromine, 
differs according to the olefine taken, being proportional ft> the vapour-density. The 
molecular weights of the different olefines express their wnrating capacity: because 
the vapour-densities are proportional to the molecular weights. 

Each olefine may be prepared from a peculiar alcohol, and in general may be made 
to yield that peculiar alcohol by certain simple processes, e. g. : 


and again : 


Ethylle alcohol. 

C J H«0 - 

Amvlk Alcohol. 

C 4 H'*0 - 

Rthylma. 

cm* + 

Atmlenc. 

CHI'* 


H*0 

H*0 


H*0 


Ethylene. 

Amvlene. 


Ethylle Alcohol. 

C*H*0 

Amvlic Alcohol. 

C 4 H‘K>. 


+ H 2 0 

If the alcohol and the olefine standing in these relations to it be compared,, it will 
be seen that they resemble one another in the number of carbon-atoms contained in their 
molecules. 
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The explanation that chemists give of the difference between the olefines is that their 
molecules are of different degrees of complexity, and that, in fact, different carbon - 
radicles ai* contained in them. Thus in ethylene we have the carbon radicle, C*, and 
accordingly, ethylene is easily obtained from certain compounds containing the radicle 
C 3 , and easily yields derivatives containing the radicle C*. Again in amylene there is 
the radicle C 4 , and amylene is obtained from compounds of C 4 , which it in turn may 
be made to regenerate. 

The olefines present a very curious example of polymerism, being at one and the 
same time polymeric and homologous. Recent investigations render it probable that 
there is also isomerism in its restricted sense t or metamerism) among the olefines. It 
appears that there is more than one body having the formula, CHI 12 the hexylene de- 
rived from mannite appearing to be allotropic with that got from other sources (p. 166). 

Ii would seem also that there are distinct varieties of amylene. 

(2) Among compounds of the general formula, OH*" + * l there is a wide field for me- 
tamerism, but polymerism is obviously an impossibility. 

Two classes of compounds are commonly recognised a* possessing this general 
formula. These are the a 1 coliol- rad i el cm and the alcohol-hydrides. 

Methyl, tho simplest alcohol-radicle is mctamoric with ethyl-hydride. 

Methyl [’Jjij - C’H* 

Ethyl-hydride • ^ H | ~ C ! H“ 

And. advancing higher in the series, the possibility of eases of metamerism becomes 
much greater. Thus putting n — 6 in tho formula, Oil*"* 2 , we have the following 
me fa meric compounds, all included by the expressions hydride and alcohol-radicle : 

Hexyl-hydride — C"H N 

M,thyl-amyl £]p,[ - C“I1'* 

Ethyl-tctryl £«{}» | ” CMi 11 

psiir > 

Tritybtrityl j ~ CHI ' 4 


There is, however, no reason for believing that alcohol-radicles nnd alcohol -hydrides 
fitrm tin* only classes of compounds embraced by the formula. C n IF n4,2 . Nothing that, 
wo know would lead to the rejection of, for instance, the following additional 
compounds having tho formula, CHI'*. r ^ 

. % 

■ 


CHP 

l 

f CHI 4 

! 

(CHI* 

f CHI 1 , 

rear* 

rcHi 1 * 

OTP 


1 CH* 

C ] 

CHI 4 

r J CH*. r 

1 Cll*. p 

1 11 ' 

1 n 

CH* ; 

c i 

| CH* ’ 

II ’ 

C 1 cir*' c j 

1 H 

11 

i 

l CH* 


II 

l H 1 

l ii 

l H 


Respecting the actual differences between isomers having the general formula 
C"lF* +a , very little is positively known. A difference in the action of dry chloriftfe 
upon methyl and hydride of ethyl, has been observed by Frank land, methyl yielding 
C-IPCl- as a gaseous compound, whereas ethyl-hydride gives CHPCP as a liquid. 

Sehorlemmer, on theother hand, who 1ms experimented under different conditions, 
obtains from methyl a body which 1ms the composition, vapour-density, and boiling point 
of rhloride of ethyl. He has not, however, obtained common alcohol from it, and whether 
it bo or be not identical with chloride of ethyl remains, for the present, undecided. 

The hydride of tetiyl, which occurs in petroleum, is a very volatile liquid, Wiling 
at about 0° ; ethyl is a gas which does not condense at — 18°, under the ordinary 
atmospheric pressure. 

. . C 4 n*l (CHI 4 

Hydride of tetryl and ethyl are metamcric. j| ^ j C*H 4 ’ 

The hexyl-hydride derived from mannite by the ac tion, first of hydriodic acid, and then 
of zinc and alcohol, is remarkably insensible to the action of chlorine, even in tho pre- 
sence of iodine and water. The hydride of hexyl occurring in petroleum, on tho other 
hand, seems to be readily attacked by that agent. 

The circumstance that those 3 hexyl compounds from which the hexyl-hydride of 
mannite is more immediately derived, tend to split up on oxidation, lends some kind 
of support to the notion that the formula for the maunite-hydride is 

CHI* 
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twit much remains to be done before any very positive opinion can be formed of the 
nature of the metamerism subsisting between this man nit e-hydride and the commoner 

Compounds with the empirical formula CH, viz. benzene and acetylene, pre- 
sent a curious case of polymerism. .... , , * , 

These compounds have a certain likeness, bcth being products of the action of a 
very elevated temperature, but in other respects they are very unlike. 

Benzene C a H # , is a liquid, and is related to benzoic acid and phenylamine. Acetylene, 
CPH* is a gas possessing the peculiar property of attacking certain metallic solutions, 
such ’as ammoniucal solution of cuprous ohlorido, and is related to common alcohol. 

4. A large number of volatile oils differing much in smell, taste, boiling-point, 
aotion with reagents, and in other important particulars, have had the formula C 10 !! 1 " 
assigned to them. To this class belong the different kinds of oil of turpentine, oil of 
lemons, neutral oil of cloves, oil of clemi-resin, carveno, and some others. Respecting 
these bodies, the remark may be mado that wo are, for the most part, quite igno- 
rant of their true formula : for, in the almost entiro absence of derivatives, the more 
analysis of such hydrocarbons by our present methods is totally inadequate to distin- 
guish between a variety of non-isomoric formula?, all equally probable. 

Isomers containing Carbon , Hydrogen , and Oxygen. 

Both metamerism and polymerism occur very abundantly among those compounds. 

(1.) The ethers of the organic acids afford room for endless metamerism, as will bo 
apparent on a little consideration. 

Acetate of methyl, f 0, is mctameric with formate of ethyl, Q-jp j O, and with 

propionic acid,^"^ jo. R * s obvious that if we subtract nCIl 2 from tho acid-form- 
ing radicle and add wCH 2 to the alcohol-forming radicle, or vice wrsfl, we must got a 
motamer. Hence it follows that any ether of an organic acid must havo many metamers, 
if its molecular weight bo tolerably high. Here is an example: — 

■xt . i „ i.. i C 5 H 9 0 > _ nioiTsrom 


Valerate of amyl 
Butyrate of hexyl 
Propionate of lieptyl 
Acetate of octyl . 
Formate of nonyl 
Caproate of tetryl 


C 5 H" 
C‘IPO } 0 

c «h»3 

C 8 II 5 0 ) n 
C 7 1I' 5 
O'lPO > 0 
ClI 17 i 
OHO 

c'iv° 


C ,0 IP°O 3 

C°IP®0 3 


C l0 H 20 O a 


C'°IF # O a 

CiojpoQa 


V>aprutii.e ui i-ciry* • • • pj jp ^ ^ ^ 

(Enanthate of trityl • • . Qajp ° | O «* C'°IF # O a 

Caprylato of ethyl . . . q, 0 ^ O — C ,0 H 20 O a 

Pelargonate of methyl . . *j^p ^ j 0 — * C ,# H M 0* 

Butic acid C T°|0 C"H"0* 

Thus there are no fewer than nine metamers of valerate of amyL Tho difference 
between metamers of this kind is very neatly defined by reactions, saponification 
with potash yielding a different alcohol and a potassium-salt of a different acid in each 
case. For example, valerate of amyl gives amyl- alcohol and valerate of potassium. 
Whilst butyrate of hexyl gives hexyl-alcohol and butyrate of potassium. 

This kind of metamerism is, of course, not confined to the fatty -acid series : whenever 
there are homologues of the acids— no matter what the series to which the acid belongs 
-—such metamerism is possible. And of course the same remark applies to the alcohol, 
the aromatic and tho ally lie series admitting of just the same kind of metamerism as 
the vinio series. 

(2.) Every alcohol in a series, except the lowest one, is metameric with one or more 
ethers, thus:-** 

Common alcohol . . • * | O — C 2 H“0 
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Methyl-ether • 
or higher up in the scale:— 
Amyl-alcohol • 

Tetryl-methyl ether 

Trityl-ethyl ether 


CH*j 

CH*| 

!° 

- 

C*H*0- 

C*H n ) 
H j 

0 

1 

"» 

OH 1 **) 

C 4 IF 

CH*j 

0 

1 

- 

C 4 H**0 

C*H f 

C*H*j 

• o 

- 

C*H’*0. 


The action of iodide of phosphorus upon these different compounds 
tinguish them immediately. 

(3.) The aldehydes are metameric with ketones, with alcohols of 
ana with ethers of the glycol series, thus : 


Propylic aldehyde .... 

CTPO) 

• H { 

• 

Common acetone .... 

0*11*0 ( 

• CH* $ 

- 

Allylic alcohol 

• T [o 

- 

Oxide of tritylene .... 

. (C s H“)'*0 

- 


enables us to dis- 
tlic ally lie series! 

C 5 H*0 

C*HO 

CUPO 

C*H*0. 


These four compounds aro very easily distinguished from one unother: the first is 
easily oxidised to propionic acid ; t lie second gives no propionic acid on oxidation, but 
lower fatty acids instead ; the third gives ucrolein and acrylic acid; the fourth lactic 
acid. 

(4.) Ketones are metameric with other ketones and with aldehydes and compounds 
metameric therewith. 

The metamerism with other ketones is very easy to understand. Tho rational formula 
of all ketones consisting of an acid-forming radicle conjoined with an alcohol-forming 
radicle, it follows that transference of »CH S , from one radicle to the otlior will yield 
isomeric bodies. Thus, for instance, wo have isomers in 


Mothyl-valcryl . . • ail( l Ethyl -hutyryl 


C*JPO> 


Our knowledge of the ketones is very slight, but it is to be expected that these two 
compounds would giro different products on being oxidised. 

1 Vita meric Alcohols. — It has recently been discovered that thero arc at least two 
series of alcohols, the corresponding terms of which arc metameric, well-marked differ- 
ences having been recognised between compounds with the composition of hexylic 
alcohol, and also between compounds with tho composition of umylic alcohol. It is at 
•tvsent uncertain what the nature of this metamerism iH (sen Hkxyi.- alcohols, p. 152), 
►ut it seems to affect, the total constitution of the two sets of compounds. 

A more superficial kind of difference was noticed by Pasteur, some years ago, be- 
tween varieties of arnylic alcohol. Ordinary fusel-oil was found by Pasteur to be made 
up of two liquids having the composition of arnylic alcohol, but slightly different in 
properties, the ono being without action on polarised light, whilst the other turned the 
piano of a polarised my to tho left. The derivatives of each of those varieties of 
arnylic alcohol possess the same action on polarised light as the alcohols themselves, 
and present some differences in Bolnbilifcy, &c., but on the whole they are marvellously 
similar. Chemists are not agreed how these varieties are to be regarded, it being still 
uncertain whether a mere difference in action upon polarised light points to any but tho 
very slightest difference in constitution. 

Metameric Acids. — There is some reason for believing that the fatty acids, when 
they are in the liquid state, have twice the molecular weight which their vapours have 
when heated up to 300° and higher. Their great tendency to form double salts, and 
the fact that their vapours at low temperat ure— whether under great or small pressure— 
have a double density, point to this conclusion. 

Admitting the double formula for the fatty acids, some very interesting cases of 
metamerism arise. Thus, propionic acid is metameric with butyr-acctic acia:— 

0*11*0 ) 

Propionic acid • • . C*H*0^ | O* *» C*H ,2 0 4 ; 

C'fPO 

Butyr-acetic acid . . . C*H*0^ 

112 


jo* - CH«0*, 
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and. in like.maimer, each term of the senes, except tie end ones, is metameric with a 
compound acid formed of the next below united with the next above. It is worthy 
of remark as a fact in the history of organic chemistry, that butyr-acetic acid w* 
mistaken for, and described as, propionic acid. . 

The anhydrides of the aromatic and fatty acids offer a systematic metamerism, e.g. ; 

Aceto-valeryl anhydride . . c\H e o/^ ** C r U /s? 0* 

Propio-butyryl anhydride . c 4 H. 7 o (® = C 7 K I2 O a , 

are metameric. In fact there is, among these anhydrides just a repetition of the case 
of the ethereal-salts of the organic acids; by making n CH' move from the one radicle 

to the other, endless metamerism arises. ... 

No case of metamerism between two single fatty acids has yet been made out; but 
in the aromatic series, there are such cases : thus there are two benzoic acids. 

A very remarkable example of metamerism is afforded by the different varieties of 
tartaric acid and racemic acid. There is a tartaric acid which polarises to the right 
(the commonest), another which polarises to the left; racemic acid, from which both 
varieties of tartaric acid maybe obtained; and, finally, a tartaric acid without any 
action upon polarised light. All these substances are metameric, having the formula 

C 4 H c O a . 

Polyatomic Alcohols.- Mannite and melampyrin are metameric, both of them having 
the formula C B H l4 O a . 

The most, striking difference between these bodies is to bo found in their degrees of 
solubility in water —mannito being comparatively soluble, melampyrin comparatively 
insoluble. In reactions they are, so far as is known, very similar. 

There seem to be many metamers both of grape-sugar and of cane-sugar, but little 
is known with certainty respecting them. 

Examples of polymerisra are not by any means so numerous among the compounds 
of carbon, hydrogen, and oxygen, as we have found the examples of metamerism to be. 
There can bo no polymers either of the vinic alcohols or vinic ethers. 

The fatty acids, and the ethers of the fatty acids, are polymeric with more complex 
acids, or with compounds of the sugar-class ; but- even among them, there is nothing 
approaching to the endless metamerism which has been referred to. 

Acetic acid offers one of the best examples of a fatty acid polymeric with several 
■ubstunces : 

2(CTFO) =- C-TPO-, acetic acid, 

3(OIFO) — C*II"0> lactic acid, 

(VOIFO) — CII'W, grape-sugar. 

By doubling the formula of any aldehyde, we get the formula of a fatty acid, thus: 
C-JI'O, common aldehyde, 

C 4 H a 0 2 , butyric acid. 

By tripling the formula of an aldehyde, we get the formula of an acid of the lactic 
•erics, e.g.: 

C 2 H‘0, common aldehyde, 

C*H l3 O s , leucic acid. 

Grapd-sugar is polymeric with ethyl-carbonic acid: Grape-pugar — C a H ,3 0*; 2 mole- 


CO) 
\ 0 2 


cules of <jthyl-carbonic acid = 


2C 5 IPO* 


cfe» 2 o a . 


Isomer 3 containing Carbon , Hydrogen , and Nitrogen* 

(1,) Metamerism among the compound ammonias. 

The following compound ammonias have the formula C a H’ 4 N 


Hexylamine . 
Amyl-methylamine 
Tctryl-ctliy l&mi ne . 


H'M 
H tN 

H j 
) H ' 
}* 


CTI n ) 
CH* [N 
H j 

cm * ' 

cup 

H 


C-H ,4 N 


C*H U N 


C«H ,# N 
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Tetryl- dime thy lam ino 
Di-tritylamine 
Trityl-ethyl-methylaniine 
Tri-ethylamine 


C«H* 

. CIV -N - C«H U N 
CH* 

cm 1 

. O’lP J-N = OH' a N 
H , 

C 3 H T ) 

. cm 4 N = C a H ,a N 
CH S J 
C a H 4 ) 

. cm* In « c*h , 4 n. 
cnv J 


A very neat reaction distinguishes the different compound ammonias from one 
another: on treating them with nitrous acid, they give up their different alcohol- 
radicles in the form of alcohols. For example, the first base on our list, hexylamims, 
when so treated, would yield hexyl-alcohol ; the second, amyl-alcohol and methyl- 
alcohol ; the third, tetryl-alcohol and ethyl-alcohol, <Scc. 

According to the foregoing, triethylami no lias six distinct motamers : but if, as is 
by no means unlikely, each one of the three atoms of hydrogen in ammonia lias a 
different function, then tlio metamers of triethylamino will become very numerous 
indeed. 

It will bo obvious that the higher we go — the higher the molcculnr weight of a base 
— the more numerous are the possible metamers. Thus tricetylamine, C U H**>N, has 

car* 3 ) 

upwards of 300 metamers, each of which should give a different result with nitrous 
acid. 

In addition to this kind of metamerism, duo to the presence of different alcohol- 
radieles in the bases, there are other kinds of metamerism among tlio compound 
ammonias. 

There is, for instance, the well-known case of the bases parallel with phonylainino, 
b« nzylamine, &e. 

Phenylamine = C*H 7 N = Picoline 

Penzylumine ~ C ? H*N ~ Lutidine. 

&c. &c. &e. 


The probable explanation of the metamerism in this case is that phenylamine is a deri- 
vative of benzene, (C*H # ), whilst picoline is derived from a hydrocarbon 

Phenylamine = (C*TP)'N1I* 

Picoline - (C°1P)'"N. 


Put, whatever muy be the nature of the difference in constitution between these two 
bases, the difference in properties is very striking: 


Phenylamine boils at 185°: 
very slight smell : 
almost insoluble in water : 
specific gravity at 0° — 10301 ; 
gives rosaniline or mauveine, &c. on 
treatment w'ith various oxidising 
agents. 


Picoline boils at 135°: 

most pungent and bad smell: 
very soluble in water: 
specific gravity at 0° = 0 9613. 


and the contrast might be carried much further. 

A third series of bases, metameric with the foregoing has been discovered. The 
host investigated term of this series is /9-lufidine, which is obtained by the destructive 
distillation of cinchonine. It is less soluble in water than common lutidine, boils 
rather higher, has a different smell, &c. 

It is possible for two atoms of nitrogen to coalesce and form a group requiring either 
two or four hydrogen representatives for its saturation. Three or even four atoms of 
nitrogen also coalesce. Among the bases so resulting there must be almost infinite 
metamerism. 


(2.) Polymerism among the Compounds of Carbon , Hydrogen , and Nitrogen, 

Cyanide of ethyl and cyanethine are polymeric, the formula of the latter faring three 
times that of the former. 

OTPN = Cyanide of ethyL 
C f H ,3 N* — Cyanethine, 
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The former is a, liquid the latter a solid possessing the properties of a weak base. 
It is probable that the rational formula of the latter is : 

(c*H y " 

It will be obvious that the existence of compound ammonias containing more than one 
atom of nitrogen in the molecule opens the door for much polymeria m. 


Isomers containing Carbon, Hydrogen, Nitrogen , and Oxygen. 


The metamerism between cyanate 
Cyanate of ammonium . 

Urea . . • 


of ammonium and urea, is one of the oldest known : 
™|o = CH*N*0- 

C H4”| n ’ = CH«N»0. 


Although cyanate of ammonium is transformed spontaneously into urea, yet there is a very 
great difference between the characters of the two compounds. One striking difference 
between a solution of a cyanate and a solution of urea is the comparative stability of 
the latter. 

Glycocine and nitrite of ethyl are metameric : 

Glycocine C«H«NH’Oj 0 = C!H s N0 , 

Nitrite of Ethyl C 2 II s NO*, 


but are utterly different in 
solid. Nitrite of ethyl is a 
Anthranilic acid 
Bcnzamic acid . 
Salieylamido . 
Nitrotoluene 



Glycocine (sugar of gelatin) is a crystalline 
. C 7 H T NO* 

C’JPNIUO* 

C : li 5 NTPOO 

C'lUNO* 


are metameric. 

Besides these, there are many more examples of metamerism among compounds of 
carbon, hydrogen, nitrogen, and oxygen, but we need not particularise thorn. 

Polymerksm also occurs in abundance. A very frequently cited example of this is 
afforded by 

Cyanic acid CT1NO 

Cyanuric acid C’dl’N’O* 

Fulminic acid, is also polymeric w ith the above, but it is only known in the 

form of its salts — not in the free state. 


Organic Isomers containing various elements in addition to the so-called Organic 

Elements . 


They are very abundant. A good example of metamerism between chlorinated com- 
pounds is afforded by dichloridc of ethylene and chloride of monochlorethyl : 


Dichloride of ethylene* (C i H < )"Cl 2 , 
boils at 8 5° ; 

specific gravity at 18° «= 1’247 ; 
with alcoholic solution of jjotash, 
gives OTTO + HC1 ; 
with sodium in presence of ether 
gives OH* + 2NaCl ; 


Chloride of monochlorethyl, CMPCICI ; 
boils at 64°; * 

specific gravity at 17° *= 1*174; 
with alcoifcljc solution of potash, 
hardly anJfSeaction ; 
with potassium gives no reaction. 


A very interesting case, from the extreme simplicity of the compounds, is to be found 
between the chlorine-derivative obtained by direct action of chlorine on marsh gas, and 
Common chloride of methyl Both of these compounds have the empirical molecular 
formula, GH*C1 and both are gaseous at ordinary temperatures and pressures, but 
they possess some unmistakable differences in properties. 

There are corresponding brominuted compounds — Bunsen obtained a gas from brom- 
hydrate of cacodylic acid. The composition of the gas is the game as that of bromide of 
methyl, via., CH*Br; but whilst bromide of methyl is a liquid boiling at 13°, Bunsen’s 
brominated gas .does not liquefy below — 17° C. 

Many more of isomerism among these semi -organic and semi-inorganic com- 
pounds m%ht be cited. 
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Isomers among Inorganic Substances. 

As before remarked, the instances of inorganic isomerism are usually called instance® 
of allotropy — isomeric substances and allotropic substances being nearly equivalent ex- 
pressions. 

The elementary substances themselves offer many examples of isomerism. Thu® 
oxygen appears to be capable of existing in two allotropic states ; in one condition it i® 
known as ordinary oxygen, in the other as ozone. Ozone and oxygen are isomeric 
bodies. Formula for oxygen = 0 T ; formula for ozone «= ()* (?) Experiment has 
shown that the molecular formula for ozone is higher than that for oxygen ; but how 
much higher remains an open question. 

Sulphur, phosphorus, carbon, and many other elements present somcuhat similar 
examples of allotropy or isomerism. 

Inorganic compounds, such as the various forms of silicic acid, of scsqiiioxidc of iron, 
of sesquioxide of chromium, of alumina, must be classed among substances affording 
examples of isomerism. 

There seem to be two allotropic states of peroxide of nitrogen. The compound NO a 
is a deeply-coloured gas at 100°. The compound N*C) 4 is a liquid boiling a little 
below 30°/ Its vapour-density is double that of the former body. Altogether, in- 
organic isomerism is a very wide, but fts yet a very ill-explored Held. 

The explanation of the existence of isomerism will have become sufficiently clear 
from the course which lias been followed in describing the different examples of it. 
“It. is of consequence how the atoms of a compound are arranged as well as what kind 
of atoms they are,” and hence there may be very many totally different substances 
composed of the same ultimate atoms. This is in fact the whole philosophy of iso- 
inerism. A. W. 

ISOMORPHISM, (faos, equal, and popip-f), form.) Crystalline form affords, as is 
well known, one of the most valuable physical distinctions between different substances, 
inasmuch os each element, and each compound, crystallises for the most part in forms 
which are reducible to one or two primary forms. Iluuy, who first directed attention 
t*'the importance of this character, laid it down asa general law, that every substance hasa 
primary crystalline form peculiar to itself, and therefore that a difference in the primary 
forms of two crystals may always be taken as evidence of difference of composition, 
lint towards the end of the last, and the beginning of the present century, various 
observations were made tending to disprove the generality of tin’s law. The similarity 
of form between phosphate of calcium (apatite) and phosphate of lead (pyromorphite) 
was noticed by Werner. Leblanc in 1787, showed that a mixed solution of ferrous 
and cupric sulphates deposits crystals containing both copper and iron, always of the 
same form, but with considerable variations in the projwrt ions of the two metals ; also 
that alum containing a considerable quantity of ferric oxide crystallises exactly in tho 
same form as pure almnino-potnssie sulphate. Vuuquelin, in 1797, showed that tho 
same form is exhibited by alum, when it contains a considerable quantity of ammonia 
in place of potash. Berthier, in 1800, pointed out the great similarity in tho form of 
calc-spar, bitter spar, and spathic iron — a resemblance confirmed by the more exact 
measurements of Wollaston; and Gay-Lussac, in 1810, showed that a crystal of 
potash-alum immersed in u solution of ammonia-alum increases in bulk without 
alteration of form. These ami other isolated observations of similar imjwjrt may bo 
said to have prepared the way for the establishment, by M i tsehcrlich, of tho general 
law of isomorphism, whien affirms that bodies haxnng a similar chemical constitution 
have also the same crystalline form , as determined by the. measurement of their angles , or, 
in other w’ords, that analogous elements and groups of elements may replace one another 
m composition without essential alteration of crystalline form. Mitscberlich's first 
observations, presented to the Berlin Academy of Sciences in 1819, related to the iso- 
morphism of the phosphates and arsenates, and showed that the corresponding salts of 
phosphoric and arsenic acids containing equal numbers of atoms of water, crystallise in 
the same forms. Similar observations were subsequently made upon the sulphates, 
sclenatcs, manganates, and chromates; the protosalts of magnesium, zinc, cadmium, 
manganese, iron, nickel, cobalt, and copper, and the sesquisaits of iron, aluminium, 
chromium, and manganese, the corresponding salts being supposed in all cases to contain 
equal numbers of atoms of water. _ . 

Bodies having apparently an exactly similar constitution arc not necessarily iso* 
morphous, but are rather divisible into two or more groups, of which the respective 
members are isomorphous ; on the other hand, the possession of an equal number 
of atoms i« not essential to isomorphism, for two atoms of one ele#*nt am not unfre- 
quently isomorphous with one atom of another element ; and sometimca a molecular 
group is isomorphous in its combinations wit h an elementary aiom—NU 4 with K, for 
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example. There are also numerous examples of bodies crystallising in the Bame forms 
but without exhibiting any similarity of chemical constitution. * 

The corresponding angles of isomorphous bodies are not always precisely equal, but 
may differ from each other by one or two degrees. This discrepancy, however is 
rendered unimportant by the circumstance, that the angles of different crystals of one 
and the same substance can present similar variations, under the influence of certain 
modifying causes. 

It will of course be understood that the similarity of form in isomorphous bodies 
wlatos to the primary forms Lo which they are reducible ; two crystals may be really 
isomorphous, and yet very different in external form, in consequence of being differently 
modified : thus calc-spar, bitter spar, and spathic iron have the same primary form • but 
each exhibits numerous modifications, some of which prevail chiefly in one, some in 
another, of these compounds. 

The following table exhibits the most important and best established examples of 
isomorphism, arranged according to tho crystallographic systems. Bodies crystallising 
in the same forms (t. e. reducible to the same primary form) are arranged in groups 
numbered consecutively, without regard to tho system to which the several forms 
belong ; the subdivisions a, b , , c, &c., include those also which correspond in atomic con- 
stitution. 


Taiii.b I.* 

Monometric or Regular System. 

Group 1. (Holohedral forms.) 

a. Diamond, -Phosphorus, — Potassium, — Sodium,— Titanium, — Cadmium, Lead 

---Copper,— Silver, — Gold,— Platinum, — Palladium, — Iridium, — Tin (Fran- 
ks n h ci m),-- Zinc (Nicklos). v 

i. /nS,— MnS,— VbS,— PbS«,— NiS.ZFeS (.S,:h«oror),— MgO (pcriclaso, 

according to Scacch i), — NiO (formed in a metallurgy process), — PbO, CuO 

(tetrahedral), — UO. 

e. JiCl.—NaC 1 ,— Lid,— Nieei,— A gd,— CuCI,— KI,— N.J.— KBr,— NaBr,— KF, 

— Nak,— KCy.NaCy, — NIPCy (Gay-Lussac). 

c'. ZnV , — CaF 3 , — KAgCy 3 , — NiAS* (arsenical nickol), — (Co; Ni)As 2 (eobalt- 
spoiss). ' 

d. Co As* (tessera! pyrites, according to Wohler and Sc ho ore r). 

e. Cu 3 0, — Cu 2 S (red copper and copper-glance). 

/. Ah 3 0*, — Sb J 0*, — Co 3 S s (cobalt-pyrites). 

9- “f jo* (spinel), 

a! 2 J 

/n | i .. _ \ l q 4 ^f ran tii n jt 0 ) _ 

1 Fo* J 


a!* 

p 

Cfr 3 


O 4 (galmito), — 


.(Mg; Fo)" 
Al 3 
’fax 


O' (plconast), 


Fo 2 


TVf , 

F 

Fe 


SI 


O 4 (chlorospiuol, — 

O* (magnetic iron ore), — 


■O 4 


‘ (chrome iron ore, according to A b i c h). 

r 

*. BaN*O a ,— SrN*0*, — PbN*O a . (Berzelius.) %*, 

u K*lr Cl*, — K 2 ObC 1*, — (NH 4 )*#tCl a , — ( NH 4 )*firCl a . (Berzeli us.) 

Alums : (NH 4 ) Al (SO 4 )*. 1211*0, — (NH 4 ) Cr (SO 4 ) 3 . 12H 3 0, — (NH 4 ) Mn (SO*) 3 
1 2H*0, — (NH 4 )I?e (SO 4 ) 3 . 12H*0, — KAJ(S0 4 )*. 1211*0, — -KCr (SO 1 )*.! 2H*0, — 
Krfn (SO 4 )*. 12H*0, — Kl*e (SO 4 )*. 1211*0, — NaAl (SO 4 ) 3 . 12H*0 (Mitscher- 
lich), — LiAl(S0 4 ) 3 .12H J 0 (Kralo vansky), — AgAl(S0 4 )*.12H*0 (Church), 
TlAI(S0 4 )*.12H*O (Crookes). 


&*’ 

t Oarhcttt 

( ^ 

[O'*, — Ifg 

1 Si* 1 

*■0'*, — Vo! 

O'*, - 

«•] 
— Mu 

0 

1 

*5 

jtl*, 

1 aI’J 

' Al*l 


Al 3 ] 

1 Fe*j 
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4M 


Sr* 

Ca 

(S». 


O w chrome-garnet (according to Komonon). 


S*) 

m. (leucite) K V O®. — n. (aualcime) Na 1 0*.H 2 0. 

Al) All 


Group 2. (Hemihedral forms.) 

a. Co Ah’. CoS 3 (cobalt-glance), — NiAa 3 .NiS* (nickel-glance), — NiSb*.NiS* 

antimony-glance). 

b. FeS 2 (iron-pyrites). 


(nickel- 


Dimetric System , 

Group 3. 

CaW*‘0 4 (tungsten), — Pb".W T, 0 4 (scheoletine), — Pb"Mo Ti 0 4 ( wulfenite ; Levy),— 
Pb"Cr T, 0 4 . 

Group 4. 

NiS0 4 .7H*0,— NiSe0 4 .7H 2 0 t — ZnSe0*.7U 3 0. (Mitschorlich.) 

Group 5. 

KH 2 PO\ — KIPAsO 4 , — (NH 4 )Ii 2 P0 4 , — (NH 4 )H 2 AsQ 4 . (M i tachorl ich.) 

Group 6. 

2N11*. Ag 2 S0 4 , — 2NH*.Ag 2 Se0 4 , — 2NIP. Ag 3 Cr0 4 . (Mitschorlich.) 

Group 7. 

CV'(U”0 2 ) 2 P 2 0".8H*0 (coppcr-uranito), — Ca"(U^0*) a P 2 0".8ll 2 0 (lime-uranito). 

Group 8. 

a. MirO* (braunito). (v. Kobo 11.) 

b. Cu*S.Fe'-S s (copper-pyrites). 

Group 9. 

TiO 2 (rutile), — SnO 2 (tin-stone). 


Hexagonal System. 

Group 10. 

Arsenic, — Antimony, — Tellurium (Br e i th au p t), — Osmium, — Iridium, — Palla- 
dium, — Bismuth. (G. Rose.) 

Group 11. 

a. CuCO* (calcspar),: — MgCO* (magnesite), CO* (dolomite), — MuCO* (dial- 

logito), — ZnCO* (calamine),— FoCO* (spathic iron ore). 

A. NaNO\ — KNO 1 . (F rank on hoi m.) 


Al J 0*, — Fe 2 0*, — Cr 2 0\ 


Group 12. 


Group 13. 

Hyposutphates : SrS 2 0®.4H 2 0,— CaS 2 0*.4H 2 0,-PbS 2 0*.4lI 2 0. (Heeren.) 

Group 14. 

CaCl 2 .3Ca*P*0* (apatite), — PbCl 3 .3Pb , P t O # (pyromorphite), — PbCl*.3Pb , A«*O i 
(mimetene). 


Trimetric System . 
Group 15. 


Sulphur, — Iodine (?). 

As’C^-SbK)®. 


Group 16. 
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Group 17. 

a. CaCO 1 (aTragonite), — BaCO* (witherite), — SrCO* (strontianito), — PbCO* (cero- 
site), — FeCO* (junkerite ; Dufr^noy). 

b. KNO*. 

<?. (Gu’S^PbSJ.Sb^S* (bournonite ; G. Rose). 

Group 18. 

a . BaSO 4 (heavy spar), — SrSO 4 (ccelestin), — PbSO 4 (anglesite; Mitscherlich). 

b. KCIO 1 , — KMnO 4 , — NH 4 C10 4 , — (NH 4 ) MnO 4 . (Mitscherlich.) 

Group 19. 

a. Na 2 S0 4 , — Na 2 So0 4 , — Ag 2 S0 4 , — Ag 3 SeO\ (M i t s c h e r 1 i ch. ) 

b. BaMn 2 0 # . (Mitscherlich.) 

Group 20. 

a. K J SO — K*ScO\ — K 3 Cr0 4 , — K 2 M uO 4 . (Mitscherlich.) 

b. (NH 4 ) 2 SO UPO. (Mitscherlich.) 

Group 21. 

a. MgSO *.7H 2 0, — ZnS0 4 .7H 2 0, — NiS0 4 .7 JPO, — MgSe0 4 .7H ? 0, — ZnSe0 4 .7H 2 0. 
(M i tseherlieh.) 

b. Sb a S* (v. Kobe 11),— As 2 S 3 . 

Group 22. 

NaPO 3 . 2 IPO , — Na AsO*. 2 IPO . (M i t s c h o r 1 i c h.) 

Monoclinic System. 

Group 23. 

«. Sulphur. — b. KI ISO 4 , — K IlScO 4 . (Mitscherlich.) 

Group 24. 

CuS0V2tI-0, — CaSo0 4 .2II*0 (M i tsclierlich), — FeS0 4 .2IP0. (Graham.) 

Group 25. 

MgSO 4 . 71I 2 G, — Zntt0 4 .7IPO, — CoSO 4 . 71IH), — NiSO 1 . 7 IPO, — FcS0 4 .7IPO,— 
MgSoO *. 7 11*0, — CoSoO *. 711-0. (Mitscherlich.) 

Group 20. 

FcSO\GlPO,— CoS0‘.6II*0 MnSOhGlPO, - CoSc0 4 .GlPO. (M i tscho rlich.) 

Group 27. 

MgK 2 »S 2 0\GlP0, — Mg(NlI 4 ) 2 S 7 0*.GlPO, — and similar double salt* containing 
calcium, nickel, cobalt, iron, manganese, zinc, and copper. 

Group 28. 

Nn 2 S0 4 .l OIPO, — Na*Sc0 4 . 1 OIPO, — Na 2 CrO 10H 2 O. (Mitscherlich.) 

Group 29. * 

(NII 4 ) 2 HP0 4 ,— (NH 4 )*H AsO 4 . (Mitscherlich.) <r 

Group 30. 5.4 

Na 2 IIP0 4 .12H J 0, — Na 2 lIAb0 4 . 1 2IP0. (M i t s c h e r I i fch.) 

Group 31. 

a, Na 2 B 4 OM0H-O (borax).— b. (Ca ; Mg) SiO* (augite). 

Triclinic System. 

Group 32. 

MnS0 4 .4H*0, — MnSeO\4IPO,— ZnSc0 4 .4lP0, — CoSe0*.4H 2 0. (Mitachorlich.) 

Group 33. 

CuC0 4 .5H*0, — CuSe0 4 .5H 2 0, — MnSe0 4 .5H*0. (Mi tsch erl i ch.) 
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Bodiefl occurring more than once in this table are dimorphous or trimorphoua* 

To each group of isomorphous bodies in the dimetric, trimetric, monoclinic, and 
triclinic systems, there corresponds a particular pyramid with its prisms and domes, 
and to each group in the hexagonal system, a particular rhombohedron. 

A perfectly exact accordance of the crystalline forms of two chemically different 
bodies, occurs perhaps only in the monometric system. Bodies of the same group 
which crystallise in other systems generally exhibit small differences in the correspond- 
ing angles. Thus, the angles of the terminal edges of the rhombohedrons of calcspar, 
diallogite, and the other isomorphous carbonates of group 11, exhibit the following 
differences : — 

R : It in 
tormina) edges 


Calcspar 

CaCO 1 . 

. 105° 6’ 

Dolomite 

• • }Mgi C0 ' • 

. . 106° 15’ 

Diallogite 

MnC0» . 

. 106° 61' 

Spathic iron . 

FoCO* . 

. 107° 0' 

Magnesite 

MgCO» . 

. 107° 26' 

Calamine 

ZnCO 1 . 

. 107° 40'. 


In arragonite and the carbonates isomorphous therewith (group 17, fl), the angles 
ooP : »P in the macrodiagonal principal section, and Poo : Poo in the basal principal 
section, have the following values : 


Arragonite . . . CaCO* 63° 44' 71° 33' 

Witherite . . . BaCO> 61° 30' 73° 6' 

Strontianite . . SrCO* 02° 44' 71° 48' 

Cerusite . . . PbCO» 62° 46' 71° 47'. 


Perfect equality in the corresponding angles of crystals is not always found, even in 
the mononietric system. The simpler forms of that system, namely, the cube. Octa- 
hedron, and rhombic dodecahedron, do not, of course, admit of any variation in the 
angles ; but the remaining forms, which are expressed by formula* containing finite 
numerical coefficients, \iz. mOm, mQ, wOao , and mOn t have different angles, according 
to the numerical values of those coefficients; and, consequently, crystals of two dif- 
ferent substances crystallising in one of these forms may exhibit slight differences in 
their angles, as well as isomorphous crystals belonging to other systems. With regard 
t<» the three simpler forms of the monometric system, it may be observed t hat all bodies 
which crystallise in them may bo regarded as isomorphous in a certain sense, inasmuch 
ns all these forms are derivable one from the other; nevertheless, some ladies are 
more disposed to crystallise in one form than in the other, and a further distinction is 
afforded by the cleavage; thus, zinc-blende, ZnS, cleaves parallel to the faces of a 
rhombic dodocahedron ; galena, PbS, parallel to tin* faces of a cube. Such bodies, in 
spite of their similarity of form and atomic constitution, cannot bo regarded as strictly 
isomorphous, at least in the same degree as NaCl and KOI, which agree in tho direc- 
tion of their cleavage as well as in their form. 

From the similarity of form of two comjsjunds, tho isomorphism of certain of their 
constituents may often be inferred. If a compound, a + h + c, is isomorphous with 
another, consisting of a + b + d, it may be concluded t hat c is isomorphous with d . 
For example, the isomorphism of K*PtCl B and K^rCI" loads to the conclusion that 
platinum and iridium are isomorphous. In this manner, the isomorphism of the* fol- 
lowing groups of elements may be inferred : 


1. Monomttric Metals and Metalloids. Carbon (diamond), phosphorus, potassium, 
sodium, titanium, cadmium, lead, iron, copper, silver, gold, platinum, palladium, iridium, 
tin, einc (Tablb I, group 1, a), — manganese, calcium, lithium, ammonium, nickel, cobalt 
(1, b , and 1, c), — osmium (1, t). 

2. Hexagonal Metals . Arsenic, antimony, tellurium, osmium, iridium, palladium, 
bismuth. 


3. Sulphur, selenium (1, &),— chlorine, iodine, bromine, fluorine, cyanogen, arsenic (?) 
(l.c), -oxygen (I, e). , f , . , , , 

In like manner, the isomoiphism of certain groups of elements may be interred from 
that of compounds in which they may be supposed to exist ; thus, from the isomorphism 
of the corresponding phosphates and arsenates, regarded as coin founds of met allic oxides, 
with P*0* and Asm5* e. g. 2Na*0.H*0.P 2 0 3 4 + 2411*0 and 2Na 2 0.H 2 0,As»O* + 24lI 2 0, 
the isomorphism of phosphoric and arsenic anhydrides may be inferred. 

Tho isomorphism of different elements and groups of elements is, however, most 
completely shown by their capability of replacing one another in composition in various 
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proportions, and without any alteration of crystalline form. Thus, in the alums, whose 
general formula is M'R"'(S0 1 ) , .12H*0 the monatomic radicle, M, may be composed of 
potassium, sodium, ammonium, &c., and the triatomic radicle, R, of aluminium, ferrieum, 
manganicum, chromicum, &e., in the most various proportions, the form, ail the while, 
remaining the same as that of common potash-alum, IfAl(S0 4 ) J .12H 2 0. Numberless 
examples of this isomorphous replacement are found among natural minerals; indeed, 
it is but rarely that a% mineral is found in which the principal constituents are not 
more or less replaced by isomorphous substances. Striking examples of it are afforded 
by the spinels (p. 397, and group 1, g , Table I, p. 424), and by the garnets (1, l, p. 424).* 

Relations between Crystalline Form and Atomic Volume. — Complete isomorphism 
between two compounds implies the fulfilment of three conditions, viz. : 

1. Similar atomic constitution. 

2. Similar crystalline form. 

3. Equal atomic volumes of the several constituent elements. 

By the volume of an atom, we understand, as explained in the article Atomic 
Volume (i. 440), the space occupied by the solid atom itself, together with a portion 
of the space which separates it from the intervening atoms : that is to say, the size, or 
rather the radius, of the atom (regarded as spherical) is supposed to include half the 
distance which separates it from the contiguous atoms. The atomic volume of a sub- 
stance, according to this definition, is proportional to its atomic weight divided by 

its specific gravity It is clear that equal numbers of atoms similarly disposed will 

not necessarily produce the same external form, unless the corresponding atoms in the 
two bodies are equal or at least proportional in volume. 

Two or more bodies in which all three of the above conditions of equality are ful- 
filled, are isomorphous in the stricter sense. The fulfilment or non-fulfilment of all or 
some of these conditions gives rise to eight different cases of similarity or dissimilarity 
of constitution, which may be enumerated as follows : 


Crystalline 
‘ form. 

a. equal 


Atomic con- 
stitution, 
equal 


b. equal 

c. equal 

d . equal 

e. unequal 
/. unequal 
g. unequal 
A. unequal 


equal 

unequal 

unequal 

equal 

equal 

unequal 

unequal 


Atomic 

volume. 

equal 


unequal 

equal 

unequal 

equal 

unequal 

equal 

unequal 


Isomorphous 
in the narrower 
senso 

Isotom ous 

Hoinceo- 

morphous 


Isomorphous 
in the wider sense 


Anisomorphous 
in the wider sense 


II etero- 
morphous 

A n i s o m o r- 
phous in the 
narrower sense ; 

Anisotomous 

The following table exhibits the atomic volumes of a number of bodies arranged 
according to similarity of crystalline form and atomic constitution. The first column 

of figures headed gives the quotient of the atomic weight divided by the specific 


gravity (the atomic weights being those of the oxygen scale, O = 200) ; the second 
gives the atomic volumes referred to that of carbon 44, as qpity ; the third, headed 

“ theoretical/’ shows what the value of ~ would be in eaob case if it were an exact 
multiple of 44. 


• Compounds containing Indefinite proportion* of isomorphous elements are represented in this work 
by formulae In which the isomorphous elements are separated bv semicolons : ei. alum, in which the 
potassium Is partly replaced by ammonium, is expressed by the formula, (K ; NH«) Al(S0 4 ) 2 .12fl a 0. 

In many works such compounds are represented by formulae like | Aj{SO*) 2 . 12H*0 \ but this 

is objectionable, since, according to ordinary usage. It would imply that the molecule contains an atom 
of potassium as well as an atom of ammonium, whereas the real meaning Is that the potassium and 
ammonium are present in such quantities as together to make up a monatomic atom or moleeule. 
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Tajjlb IL 

Atomic Volume* of Isomorphoua Bodies. 








I. Elements. 



a 


Tluso- 


s. Mcmomctric. 



s 


micat. 

1 

Carbon (Diamond) .... 


C 

44 

1 

44 


Iron . ...... 


Fe 

90 

2 

88 


Manganese ...... 


Mu 

i 88 

2 

88 

2 - 

Nickel ....... 


Ni 

88 

2 

88 


Cobalt ....... 


Co 

88 

2 

88 


^ Copper • • • * • • 


Cu 

88 

2 

88 


fPlatinum ...... 


Pt 

114 

2 


110 


Palladium ...... 


I’d 

114 

2 


no 


Osmium ...... 


Ok 

114 

2 


no 

3- 

Iridium ...... 


Ir 

114 

2 


110 


Rhodium (?) ..... 


Rh 

114 

2 


110 


Titanium ...... 


Ti 

112 

2 


no 


,/mc 


Zn 

116 

2 


no 

4 

Lend ....... 


Pb 

228 

6 

220 


Gold ....... 


Au 

128 

3 

132 


Silver ....... 


Ag 

i 130 

3 

132 

(1 

Phosphorus ...... 


P 

222 

6 

220 

7 

Sodium ...... 


Na 

292 

6 


297 

8 

Potassium ...... 


K 

583 

13 

1 

694 


b. Hexagonal. 






9 

Arsenic ...... 

. 

Ah 

160 

3; 


165 

10 

Antimony ...... 

. 

Sh 

240 

bl 


242 

11 

Bismuth ...... 

• 

Bi 

270 



276 


c. Bodies probably crystallising in similar forms . 




[ 

(Bromine ...... 

. 

Br 

326 

7 ! 


330 

1 9 H 

Chlorine ...... 

. 

Cl 

320 

7 


330 


Iodine ....... 

. 

I 

320 

7 


330 

1 

1 Cyanogen ...... 

• 

Cy 

316 

7* 


330 


II. Pro to- chlorides, bromides, and 

iod 

i il os. 





Monometric. 






13 ! 

Chloride of silver ..... 


AgCl 

320 

7j 


330 

13j 

Chloride of sodium .... 


NaCI 

325 

7j 


330 

14 

Bromide of silver ..... 


AgBr 

307 

« 


303 

16 

Chloride of ammonium .... 


Nil ‘Cl 

437 

10 

4 40 

16 

Chloride of potassium .... 


KC1 

481 

11 

484 

17 

Iodide of silver ..... 


Agl 

622 

12 

628 

18 

Bromide of potassium .... 


KBr 

608 

14 

616 

19 

Iodide of potassium .... 


K1 

667 

15 

660 


Jill. Protoxides, MraO. 







Monometric. 






20 5 

Magnesia ...... 


MgO 

166 


164 


Cupric oxide 


CuO 

166 

H 

154 

2 ] 1 Manganous oxide ..... 


MnO 

188 

4 

176 

1 Zinc-oxide 


ZnO 

180 

4 

176 

22 

Cadmium-oxide 


CdO 

230 

5 

220 

23 

Lead-oxide 


PbO 

306 

7 

308 

24 

Strontia •••••• 


SrO 

330 

7* 

330 

25 

««••••• 


BaO 

402 

9 

396 

26 

Silver-oxide 


A«-0 

352 

8 

352 

27 

Soda 


Nn 5 0 

278 

6 

264 

28 

Potash .•*••** 


jeo 

446 

10 

440 


480 


ISOM' 


SM. 

* 


Tabu it 

Atomic Volumes of laomorphout Bodies — continued. 



— y 


*• 


Atomic volume. 


IV. Proto-sulphides and Selenides. 

a 


Theo» 






* 


retical. 


Monometric. 






29 

Manganese-blende 



MnS 

272 

6 

264 

20 

Zioc-blendo . . . ; , 



ZnS 

296 

6$ 

286 

31 

( Sclenido of lead .... 



PbSe 

406 

9 

396 

1 Galena 



PbS 

386 

9 

396 

32 

Silver-glance .... 



Ag 2 S 

432 

10 

440 


V. Dioxides. 








Dime trie. 







33 

(Titanic anhydri do . 

9 


TiO 2 

260 

6 

264 

(Stannic anhydride 

• 

* 

SnO 2 

270 

6 

264 


VI. Sesquioxidcs. 








a. Monomctric. 







34 

f Ant imonic oxide .... 



Sb 2 0» 

662 

16 

660 

j Arsenious oxide .... 

. 

• 

As^O 3 

664 

15 

660 


b. Hexagonal. 







35 

J Alumina . ... 



AFO* 

362 

84 

374 

) Ferric oxido ..... 



*VO» 

372 

8} 

374 

30 

Chromic oxido .... 

• 

• 

Cr 2 0« 

384 

9 

396 


VII. Carbonates. 








a. Trimetric, 







37 

Arragonite ..... 


9 

CaCO» 

426 

10 

440 

38- 

Stroritianito ..... 

. 


SrCO* 

512 

in 

606 

1 Cerusite ..... 



PbOO’ 

616 

ii} 

606 

39 

Witherite ..... 

• 

• 

BaCO 1 

676 

13 

672 


b. Hexagonal . 







40 ! 

t 

( Zinc-spar 

| Magnesite ..... 

• 

• 

ZnCO 1 

MgCO« 

352 

366 

8 

8 

352 

352 

41 

Spathic iron ore .... 

, 

# 

FeCO* 

378 

8} 

374 

42- 

Diallogite ..... 

• 

. 

MnCO* 

400 

9 

396 

Dolomito 

• 

■j 

ff|co* 

402 

9 

396 

43 

Calcspar 

• 


CaCO* 

460 

10} 

462 


VIII. Nitrates. 



#■ 





a. Hexagonal. 







44 

Nitrato of potassium . . . 


• 

602 

13} 

594 

45 

Nitrate of sodium .... 

. 

. 

NaNO* 

484 

11 

484 


b. Monomctric. 







46 ! 

[Nitrate of strontium . . . 

9 


BrN’O 4 

916 

21 

924 

1 Nitrate of lend .... 

9 

. 

PbN*0 4 

942 

21} 

946 

47 

Nitrate of barium . . • • 

• 

• 

BaN*0 4 

1024 

23* 

1012 


IX. Magnesian Sulphates* M"B0 4 .7H*0. 





Trimetric, 







1 

Sulphate of nickel . « . 

• 

NiS0 4 .7H*0 

1724 

39 

1716 

48 1 

Sulphate of sine ...» 

• 

ZnS0 4 .7H*0 

1760 

40 

1760 


Sulphate of magnesium • • 

* 

MgS0\7H*0 

1786 

40} 

1762 
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Tablb II. 

Atomic Volumes of Isoniorphoua^ Bodies — continued. 

. — — 1 ' "'H' — — — 

X. Double Magnesian Sulphates, At 

M^SO^.CH’O. a 

Monoclin ic. — _ 

r(NH«)»Mn(S0«)*.6H 2 O 2526 

K 2 Zn(S0 4 ) 2 .6H 2 0 2578 

(NH 4 ) 2 Ni (S0 4 ) 2 .6H 2 0 2558 

49 K*Ni (SO 4 ) 3 . 6 IPO 2578 

(XH 4 ) 2 Mg(S0 4 ) 2 .6H 2 0 2632 

K 3 Cu ( SO 4 ) 2 . 6 IPO 2604 

^ (NII 4 ) 2 Cu(S0 4 ) 3 .6H 2 0 2840 

XI. Alums, ilfi(80 4 )* 12IPO. 

Monometric, 

K 0r( SO 4 ) 2 . 1 211*0 3380 

rA KA1(80 , )*12H*0 3472 

°°1 (NII 4 )A1(S0 4 )U2II 2 0 3472 

. NH , Fe(S0 4 ) 2 .12H 2 0 3472 

XII. Various Metallic Sulphides and Arsenides. 

a. Monomctric. 


j 51 Iron-pyrites . 
i _ t> j Cobalt-py rites 
( Smaltino 

53 Tri arsenide of cobalt 
r , ) Niekel-glanco 
J tCubaltino 


FoS* 
Co'-’S* 
CoAs 2 
Co A s* 
NiAs*S ,J 
CuAsS 3 


55 Marcasito 306 7 300 

66 Arsenical pyrites . ..... l'oTAs’S 2 602 16 704 

57 Trimetric (native) sulphur ...... 105 4} 198 

58 Mouoclinic (fused) sulphur . . . . . . 201*8 4} 198 

A comparison of the numbers in this table leads to the following general conclusions. 

1. Only those bodies which are bracketed together in the table can be regarded as 
strictly iaomorphous, or isotomous ; and oven among these, there arc some whoso 
isotomy is doubtful, c.ff. nitrate of strontium and nitrate of lead (44), inaguosio- 
ammonic sulphate and cuprioo-ammonic sulphate (49). 

2. Many substances commonly regarded ns isomorphous are in reality only homceo- 
morphous, inasmuch as their atomic volumes differ considerably. Such is the case 
with phosphorus and arsenic; magnesia and manganous oxide; soda and silver-oxido ; 
lead-oxide, baryta, and strontia; manganese-blende and zinc-blende; nitrate of potas- 
sium and nitrate of sodium. The atomic volumes of these homceornorpliou* bodies are, 
however, related to one another by simple proportions, as in tlie following examples: 

< Sodium .... 1 } Arsenic .... 8 

} Potassium ... 2 J Phosphorus . . .4 

( Arsenic .... 2 } Soda (anhydrous) . . 3 

) Antimony ... 3 ) Silver-oxide . . .4 

3. Bodies which are isomorphous in tho free state, are not always so in combination. 
Copper is i so morph o us with iron, manganese, nickel, &c. ; but many copper-salts are 
not isomorphouB with tho corresponding wilts of the other metals just mentioned. 
Zinc, titanium, and platinum are isomorphous in the free state, but by no means In 
their salts. On the other hand, many bodies are isomorphous in their compounds, but 
homo&oniorphous, or even heteromorphous, in the free state: t.iua phosphorus and 
arsenic are heteromorphous in the free state, but isomorphous in their compounds ; 
and manganese and ainc, arsenic and antimony, magnesia and manganous oxide, potas- 
sium and sodium, soda and silver-oxide, arc horaan/morphous ui the senaraU) stala, 


a 

* 

44=1. 

Theo- 

retical. 

2526 

574 

2630 

2578 

584 

2574 

2568 

68} 

2574 

2578 

58} 

2574 

2632 

60 

2640 

2604 

69 

2596 

2840 

64* 

2838 

3380 

77 

3388 

3472 

79 

3476 

3472 

79 

3476 

3472 

79 

3476 

292 

6} 

286 

424 

9 A 

418 

414 

y J 

418 

530 

12 

528 

6 68 

15 

COO 

6C0 

15 

660 

306 

7 

308 

692 

16 

704 

195 

4 J 

198 

201*8 

4 

198 
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but isomorphous in some of their compounds. This apparently paradoxical relation 
may arise either from dimorphism— the substances in question crystallising in the 
free state in a form different from that which they assume in combination — or from 
variation of atomic volume. In fact, the atomic volume of a compound is, in nearly 
all cases, less than the sum of the atomic volumes of its elements in the free state, the 
condensation being greater as the affinity is stronger. Hence it may happen that 
elements whose atomic volumes in the free state are unequal, may assume equal 
Volumes in combination, and therefore yield isomorphous compounds. 

4. Bodies of different atomic volume often crystallise in the same form, and are 
capable of crystallising together. Gold and silver, whose atomic volumes are nearly 
as 1 : 2, crystallise together in very variable proportions ; so likewise do chloride of 
sodium, chloride of ammonium, and iodide of potassium, whose atomic volumes are to 
one another as 3 : 4 : 6. It is onlyj^liowever, in the monometric system that perfect 
similarity of crystalline form is exhibited by substances of different atomic volume; in 
crystals belonging to other systems, difference of atomic volume in bodies of similar 
atomic constitution, is always accompanied by a slight difference in the magnitude of 
certain angles, as may be seen by comparing the angles and atomic volumes of the 
several members of the ealespar and arragonite groups (pp. 427, 430), the obtuse ter- 
minal angles in the former, and the angles £ 0 © : Poo in the latter diminishing as the 
atomic volume increases. This relation bet ween atomic volume and crystalline form 
is further shown by the observation of Mitscherlich, that the angle of a rhombohedron 
of calc-spar diminishes when the crystal ia heated : for the spocitic gravity is thereby 
diminished, and consequently the atomic volume increased. 

6. An interesting examplo of homoeumorphism is afforded by nitrate of potassium, 
which is dimorphous, having a rhombohedral form similar to that of ealespar, and a 
trimetric form like that of arragonite. Its angles in these two forms are as follows: 


Hexagonal Nitro KNO* 
Trimetric Nitre KNO*. 


Terminal angle 
Atomic of rhomb, 

volume. (nearly). 

27 106° 30' 

00P Poo 
27 61-0' 70° 4' 


In its rhombohedral form, this substance agrees very nearly with dolomite and dial- 
logite, the terminal angles of which are 10C° 15' and 106° 51' respectively, and whose 
atomic volumes are equal to 9: henco it appears that two substances whose atomic 
volumes are as 1 : 3 may crystallise nearly in the same form. Similar relations, 
though not quite so close, may be traced between the atomic volumes and crystalline 
forms of rhombic nitre and arragonite. 

The relations between the atomic volumes and crystalline forms of different sub- 
stances are, however, far from being established on a perfectly satisfactory basis ; 
indeed the general conclusions of different observers relating to this subject are in 
some instances directly contradictory to each other: the discrepancies doubtless arise 
in many instances from the want of exact determinations of crystalline form, and more 
especially of specific gravity. 

Schroder, to whose observations, together with those of Kopp, the results detailed 
in the preceding pages arc mainly due, has recently made further experiments on the 
relations between chemical constitution and specific gravity, and has arrived at the 
following conclusions respecting the atomic volumes of isomorphous bodies. When 
two different elements or groups of elements, A and B, unite with other elements or 
groups of elements, C, I), E % &e., forming the compounds AC and BC y AD and BD, 
AE and BE , &c., belonging to the same typ A and isomor^fjps by pairs, the differences 
of the atomic volumes of AC and BC. AD and BD , AE mA 2?E, See.., are always equal ; 
but if the pairs of compounds thus formed are not isomorphous, or if they are isornor- 
phous, but belong to different types, then the differences of atomic volume are unequal, 
and different from what they would be if the pairs were isomorphous or belonged to 
the same type. If bodies of equal atomic volume be denominated isost eric, and 
analogous pairs of compounds exhibiting equal differences of atomic volume, paral- 
lo lost eric, the precis ling law may be more shortly stated as follows: — Pairs of 
compound# which are isomorphous and analogous are likewise paralUlosteric. This law 
has been confirmed by Tschermak. (Wien. Akad. Ber. xlv. [2] 603.) 

Schroder further concludes that the volume of any element, which, in the isomor- 
phous nitrates, chlorides, bromides, iodides or sulphides, is the greater of the two con- 
stituting a pair, is condensed in the isomorphous sulphates, carbonates, silicates, and 
aluminates, to a comparatively greater amount, so as often to become the lesser of ths 
two. Thus the atomic volumes of chloride, bromide, and nitrate of potassium (calcu- 
lated on the hydrogen-scale) of atomic weights, are greater by 2*7 to 2*5 than those of 
the corresponding ammonium salts, whereas that of sulphate of ammonium is greater 
by 2*6 than that of sulphate of potassium. 
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With regard to tho elements, Schroder finds that bosterism ia accompanied quite as 
frequently, if not more so, by hetero morphism as by isomorphism ; but that ©foments 
whose atomic volumes are to one another as 1 : 2 (like silver and gold) are often 
isomorphous. In oxides and salts also, Schroder finds that isosterism is associated with 
isomorphism lees frequently than with heteromoipbism. * 

The relations between the atomic volumes and the proportions of the axes (which 
determine the angles) in series of homoeomorphous bodies, are also, according to 
Schroder’s recent observations, less constant than was formerly supposed. It is true 
that the limiting members of each series with regard to the proportions between t he 
axes, are also the limiting members with regard to the atomic volumes; but tho 
intermediate terms do not generally exhibit the regular relation betweon axial propor- 
tions and the atomic volumes which has been uotiood in tho calespar and arragonite 
groups. According to Tsch erm ak, on tho contrary (Wien. Akad. Bor. xlv. [2], 603 ; 
Jahrosber. 1862, p. 9), homceomorphous bodies of analogous composition form the 
same series with regard to their axial relations, as with respect to their atomic volumes. 
(Compare L 449-452.) 

Polymeric Isomorphism. This term is applied by Sch eerer to express the fact 
that 1 at. of an element may in some cases be replaced by two or more atoms of 
another, or, generally, m atoms of one element by n atoms of another, or by a group 
of atoms of other elements, without essential alteration of crystalline form. Instances 
of this kind of isomorphism arc afforded by the sulphides of lead and silver (PpbS 
and Ag 5 S), by tho sulphide and chloride of silver (Ag 2 S and Ag 2 Cl 2 ), by numerous 
isomorphous chlorides and cyanidep, in which the single atom Cl aud the group ON 
discharge equivalent functions; and by tho isomorphous salts of potassium and ammo- 
nium, in which NH 1 is equivalent to K. Numerous other examples may be found 
amongst organic compounds : thus the acetate and butyrate of copper, OTlHWu, ami 
C 4 H ? 0*Cu, are isomorphous, and the sulphates of many organic bases, e.g. cthylamine, 
mHhylnminc, conine, unite with sulphate of aluminium, forming alums isomorphous 
with common potash-alum. 

Natural minerals likewise afford examples of this kind of isomorphism, to which 
attention has been particularly directed by Schceror. Thus, certain varieties of 
iiugite and hornblende contain alumina, while others, which are free from alumina, 
contain a larger proporrion of silica, the substitution taking place, according toflcheeivr, 
in the proportion 1 at. A 1*0* to 1 at. SiO* (or SAPO 9 to 2<$f O'), but, according to 
Kammelsberg, in tho ratio of 2Al v O a to 3Si0 2 (p. 1G9). Another instance is afforded 
by tho minerals cordierito (diclirdito), and aspasiolito, which are isomorphous and 
agree in composition, excepting that, according to Schcercr, 1 at. magnesia in the 
former is replaced by 3 at. wuitor in tho latter. According to tho formulae given by 
K amraolsborg, however {Miner ale he mie> pp. 768, 834), viz., 

CordicritP, 6MgO.C(Al ; FopOMSSiO 2 . 

Aspasiolite, 4MgO.G(Al ; Fe)*OM5SiO*.8lI*O t 
it appears that 4 at. water in tho latter take tho place of 1 at. magnesia in the former. 

l or a full development of the theory of polymeric isomorphism as applied to minerals, 
see Scheeror(Handw. d. Chom. iv. 170). — On isomorphism in general, seeMitscher- 
licli (Ann. Ch. Phys. [2], xiv 172; xix. 350 ; xxiv. 264 and 355).— Breithaupt. J. pr. 
(Mu in. iv. 249). — Persoz, Ann. Ch. Phys. [2], lx. 119). — Brooke (Phil. Mag. [3], xii. 
406). — J o h n s t o n {ibid. xii. 325 and 480; xiii. 405). — Scha ffgotsch (Pugg. Ann. 
xlviii. 335).— -H. Kopp {ibid. liii. 446). — llankel {ibid. Iv. 479). — Frankenheim 
(J. pr. Chem. xxvi. 257 and 263). — Wall mark {ibid. xxxi. 169'. — Niokl^s (Compt. 
rend, xxvii. 611). —Pasteur {ibid, xxviii. 477). — G. Rose (Pogg. Ann. lxxvi. 75; 
lxrii. 143). 

XBOvmiOPBBmG AOZl>. See Fhknic Acid. 

XBOYBAmB. Syn. with FaA.Nia.naTi! (ii. 707). 

XSOTCUnnB. C A H i . — A very volatile hydrocarbon, polymeric with caoutcbin » 
(i- 757), obtained, together with the latter and other less volatile products, by the dry 
distillation of caoutchouc and gutta percha. After repeated rectification over sodium, 
it boils between 37° and 38°, has a specific gravity of 0*6823 at 20°, and vapour- 
density =2*40 obs. ; 2*36 ealc. After keeping for a month, it became thickened, and 
acquired a bleaching action, in consequence of the absorption of ozone: on subse- 
quently distilling it, the ozone acted violently on the hydrocarbon, and the residue 
suddenly solidified to a white amorphous mass having the composition 
(Gr. Williams, Proc. Roy. Soc., x. 516.) 

PVkPtnUO ACIX>. Picrocyamic acid. C*IT*N s O*. (IT Iasi wets, Ann, Ch. 
Phann. cx. 289; Jahresber. 1860, p. 455. Bayer. Bull. Acad. roy. Belgique, [2] rii. 
No. 8.) — An acid, isomeric with purpuric acid, but, like the latter, not known in the free 
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state. The potassium-salt is obtained by the action of cyanide of potassium on picrit 
acid: 

Cra*NH) f + 3CNK + 3H 2 0 - C*B 4 KN 5 0« + QO* + NH* + 2KH0. 

When a solution of 2 pts. cyanide of potassium (prepared by Liebig's process, ii t 
215), in 4 pts. water, warmed to about 60°, is mixed with a solution of 1 pt. picris 
acid in 9 pts. water, the mixture being constantly stirred, a strong odour of ammonia 
and hydrocyanic acid is ^iven off, and the liquid solidifies on cooling to a Boft crystal- 
line pulp ; and on straining this mass upon Linen, pressing it between bibulous paper, 
heating and triturating the red-brown crystalline residue with a small quantity of 
water, then throwing it on a filter, washing it with cold water, again pressing, dis- 
solving it in a large quantity of boiling water, and leaving the hot-filtered solution to 
crystallise, i&opurpurate o f \ 'potassium separates, as a metal -green film, and in brown-red 
crystalline scales, exhibiting a green colour by reflected light. It dissolves sparingly 
in cold, more easily in boiling water, imparting a very deep purple colour, and is 
precipitated from a concentrated solution by carbonate of potassium, — which circum- 
stance may be taken advantage of in the preparation of the salt, if, in consequence of 
tho presence of impurities, it does not separate spontaneously as above described. The 
salt dissolves also in dilute alcohol. When heated to about 215°, it decomposes, with 
somewhat strong detonation, slight appearance of fire, and formation of a grey cloud : 
it may also be exploded by contact with sulphuric acid. Its solution is precipitated 
by salts of barium, lead, mercury, and silver ; not by those of calcium, strontium, 
copper, or zinc. Tho solution does not give the ordinary reactions of cyanogen. — The 
salt dried at 100° contains C"ir*KN 5 O a . 

The ammonium-salt , C H H 4 (NH 4 )N ! 0* (at 100°), separates in metallic-shining, dark- 
green crystals, on adding a solution of chloride of ammonium to a very concentrated 
solution of the potassium-salt. It is easily recry stall ised, and then forms small wedge- 
shaped crystals, brown-rod by transmitted and green by reflected light. It is very 
slightly soluble in cold water, more easily in boiling water, forming a deep-purplo 
solution. When heated on platinum-foil, it deflagrates like gunpowder. 

Tho barium-salt , C^IPBakN^O 12 (at 100°), separates on adding chloride of barium 
to a solution of tho potassium-salt, as a nearly cinnabar-coloured precipitate, sparingly 
soluble in cold water, perfectly soluble, with purple colour, in hot water. In the dry 
state it has a light-green metallic lustre, but when triturated becomes red again, and 
deflagrates with a dazzling green light. 

On mixing tho hot concentrated solutions of cyanide of barium and picric acid, tho 
liquid acquires a blood-red colour, and deposits a dark-coloured precipitate which is 
resolved by hot water into a red-brown powder with green lustre, solubloin water, and 
a substance containing a largo quantity of carbonate of barium, insoluble therein. 

Tho Ciilcium-saft, C ,a H 8 Oa' N* 0 O l2 .3H 2 O, separates, after 24 hours, from a mixture of 
a hot-saturated solution of tho ammonium-salt with chloride of calcium, in green 
metallic-shining noodles, which give off their water at 140°. 

Lead-salt , C" , H 8 Pb"N ,0 O 12 . — The solution of tho potassium-salt is completely precipi- 
tated by neutral acetate of lead; the precipitate, which is at first brown red and very 
bulky, soon becomes dark violet-brown and pulverulent; it dissolves with purplo 
colour in boiling water, and the solution deposits slender microscopic needles, which, 
after drying, aro light brown-red with greenish iridescence, and detonate very sharply 
when heated. It is not completely decomposed by sulphydric acid, and on boiling tho 
remaining mass with water, a yellowish-red solution is obtained, which deposits shining 
brown crystalline tufts having the composition of the original salt. 

The potassium-salt t C®H 4 KH s O* (C 8 H 2 KN 4 0 5 , according toB&yer), has been already 
described. e 

Tho silver -salt, C fi II 4 AgN s O < (at 100°), separates fro^# solution of the potassium- 
salt, on addition of nitrate of silver, as a brown precipiflfcU, which dries up to a dark- 
green mass possessing metallic lustre. It detonates when heated, and dissolves with 
purple colour in a large quantity of boiling water. 

The sodium-salt , C*H 4 NaN s O*, is obtained, like the potassium-salt, by the action of 
cyanide of sodium on picric acid. It is dark-green with metallic lustre, dissolves in 
water much more easily than the potassium-salt, and is more difficult to crystallise : 
the solution is red. 

The strontium-salt is obtained by adding nitrate of strontium to a solution of the 

S otassium-s&lt, as a green, pulverulent, indistinctly crystalline precipitate, which 
efiagrates with a red flame when heated. 

Hlasiwetx regards isopurpuric acid as dibasic, and the monometallic salts above 
described as acid salts. The neutral salts have not been obtained in definite form ; 
but the solution of the monopotassic salt, mixed with caustic potash, acquiree a dark- 
violet colour, and yields a precipitate which soon decomposes and turns brown. _ A 
similar change of colour, followed by rapid decomposition, is produced on triturating 
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the barium-salt with baryta- water. All the salts are very much like the corresponding 
pturpurates; the ammonium-sal fc, according to Grailich’s determinations, exactly re- 
sembles purpurate of ammonium (murexid), in its crystalline form and optical 
properties. 

XSOFTBB (from Taos, equal, and ***, Are, because its appearance when fused is 
the same as in the natural state). A silicate of calcium, aluminium, and iron, found 
at St. Just, near Penzance, in Cornwall, in a quartzose granite, with tourmalin and tin 
ore; also in breccia, on the Calton Hill, Edinburgh. It bears considerable resemblance 
to obsidian, having a conchoidal fract ure, no cleavage, a grcyieh-black to velvet-black 
colour, and vitreous lustre. Specific gravity, 2-91*2; hardness 6 to 6 ‘5, nearly equal to 
that of orthoclase. Melts before the blowpipe to a black magnetic globule. Contains, 
according to Turner’s analysis (Ed. N. Phil. J. iii. 263), 47*69 silica, 13-91 per cent, 
alumina, 15 43 lime, 20*07 ferric oxide, and l -94 cupric oxide (loss 1*56 percent.), 
agreeing noarly with the formula CVO. Al 4 0*.3Si0 a , which is essentially the same as 
that of labradorite; but part of the iron in the mineral appears to bo in the state of 
protoxide, and as long as this amount remains undetermined, the formula cannot be 
fixed with certainty. 

IflOTABTA&ZC ACID and XBOTABTRIOZO ACXB8. Sec Tartahic 

Ac-in, Derivatives of. 

XSOmXBROMBTORnr. %n. with tribromido of allyl (i. HI). 

I80TEREBENTHENE. See Turpentine. 

ITACOLUMXTE. A laminated granular quartz-rock, in which diamonds nro 
generally found : it probably owes its lamination to talc or mica. Jt occurs in the 
mines of Brazil and the Ural; also in Georgia and North Carolina, where a few 
diamonds have been found. (Dana, ii. 24.) 

XTACOXfXC ACID. C'lPOV — An arid obtained, together with citraeonio acid 
(i. 992), by the dry distillation of citric acid. It bears a close resemblance to citraeonio 
iieid, but differs from it in solubility and in its reactions with nitric acid and with 
bromine. It is prepared by heating citric acid in a retort by a spirit-lamp, care Ising 
t.ikrn that the heat is applied at the bottom, and not on the sides, us in the latter ease 
a portion would bo converted into eitmeonie arid. The distillation is continued until 
rrapyreuniAtic vapours appear. The oily distillate is then dissolved in six parts of 
haling wafer, ami evaporated to crystallisation: the crystals which are first formed 
e* msist. of itueonic acid ; citraconie acid, which is always fontn-d at the same time, 
r« mains dissolved in the mother liquor. Frequently the distillate solidifies on cooling. 
Jn this ease the crystals arc pressed between bibulous paper on aplute at 100“, and then 
b< tun u paper moistened with absolute alcohol, and lastly rocrystallised from water. 

haeonie acid i'h inodorous, and has a strongly acid taste : when crystallised from 

r, it has the form of a rhombic octahedron. It dissolves in 17 pts. of water at 2u u , 
ai d is much more soluble at a higher temperature. It is soluble in alcnhnl and in tthvr. 

It melts at 161° to a colourless liquid which crystallises on cooling; when further 
Jested, it decomposes into citraconie anhydride and water. Unlike citraconie acid, 
it does not yield mesaconic acid when treated with nitric acid. When treated with 
bn»uine ana water, it takes up 2 at. bromine without evolution of hydrobromic acid, 
and forms an acid having the composition of dibromo-pyrotartaric acid, C*H i Br a O*, 
(Kekul<3, Ann. Ch. Pharm. Supp. i. 338 ; ii. Ill ; Can ours, Ann. Ch. Phys. [3], 
Ixvii. 129), and called itadibro m o succ i n i c acid by KckuK*, dibromitaconio 
acid by Cab ours (r.ee Pykotaktaric acid, Derivatives of). Citraconie acid yields 
to* same or an isomeric acid (Ca hours). Ifaconie acid treated with Hodimn-amalgam 
tikes up 2 at. hydrogen and forms pyrotnrtaric acid, C 4 H*0* (Kekul/j)- 

I taco nates. Jtaconic acid is dibasic, forming acid salts, CHPMO 1 , and neutral 
mlts, C a H 4 M*0\ • The neutral itaconatcs of the alkali-metals do not crystallise. The 
acid potassium-salt is very soluble in water, and crystallises in lustrous laminae. It is 
obtained by neutralising the acid with potash, adding a quantity of acid equal to that 
already taken, and evaporating to crystallisation. The alkaline salts arc soluble, and 
give white precipitates with the soluble salts of lead, mercury, and silver. 

Aontde* of Ztaeoato add. The amides of itaconic acid are not known, excepting 
perhaps itaronamic acid, which appears to be formed by heating itaconate of ammonium 
to 190°, whereby a brownish acid mass is obtained which forms a very soluble salt 

ammonium. But some of the corresponding phenylamine-eompoundfl have been 
investigated by Gottlieb (Ann. Ch. Pharm. Ixxvii. 215), to whose researches the 
raider is referred for further details. 

I'bcjiylitaconamide ,C T H 1 *N*O a , is derived from neutral citraconatc of phenylaminc by 
the lo«g of two atoms of water : 

C ,f H»N*0‘ - 211*0 = C ,T U w K*0*. 

F V 2 



436 ITTNEBITE. — JALAPIC ACID. 


It is obtained by heating itaconic acid with excess of phenylamine in a retort at a 
temperature a little above 180°. It crystallises in large thin plates with a pearly 
lustre. 

Phenylitaoonamic acid, C ,, H ll NO* t is derived from the acid itaconateof phenylamine 
by loss of water: 

C u H ,s NO« - H 2 0 ~ C n H n NO*. 


It is obtained by evaporating phenylamine to dryness with an excess of itaconic acid, 
and heating the residue a little above 100°. It forms large colourless needles, more 
soluble in alcohol than in water. Heated to 160° it is decomposed. 

Xtaeonlo XStber. OH^O 4 — C s H 4 (C 2 H 5 ) 2 0 4 . Itaconic acid is mixed with alcohol 
and hydrochloric acid, and the mixture distilled until about a third of the alcohol has 
passed over : water is then added to the residue, which separates the ether. It is a 
colourless, inodorous oil with a slight aromatic odour and bitter taste. It boils at 226°, 
but begins to decompose at this point. E. A. 

ITT lfBRITE. A silicate occurring in monometric crystals, with dodecahedral 
cleavage, also granularly massive, in the dolerite of the Kaiserstuhl, near Freiberg; in 
basaltic dolerite at Sasbach ; in phonolitic dolerite, with pyrites, titanic iron, and apa- 
tite, at Endingen. Hardness = 5-5. Specific gravity = 2 37 to 2*40. Colour dark- 
bluish or ash grey, or smoky grey. Lustre resinous. Translucent. Fracture imperfectly 
conchoidal. When heated in a tube, it gives off a large quantity of water, and before 
the blowpipe melts easily, with strong intumescence and evolution of sulphurous an- 
hydride, forming a blebby opaque glass. Forms a clear glass with borax. Gelatinises 
easily with acids. 

The composition of the mineral is shown by the following analyses: a. by C. Gmolin 
(Schw. J. xxxvi. 74), b, by Whitney (Pogg. Ann. lxx. 442). 

Water 

8103 SO* Cl AW 3 Fe 3 O s UaO Na?0 K^O and loss * 

a. 34*02 2-80 073 28*40 0*61 7*26 12-15 1 56 1076 -» 98*35 

b. 36*69 4*02 1*25 29-14 . . 5*64 12*57 1*20 9*83 = 99*94 

• Including sulphur undetermined. 


According to the latter analysis, ittnerite may be regarded as a mixture of hydrated 
socialite and hauyne (p. 16). (Dana, ii. 319; Rammelsberg, Miner alchemie, 
r . 712 .) 

XWAARXTS. A black mineral from Iwaara in Finland, which crystallises in 
monorhetric forms, melts before the blowpipe to a black glass, and, according to 
Th orel d, consists of silica, titanic acid, lime, and ferric oxide: perhaps identical with 
sehorlamite. (Rammelsberg, Miner alchemie, p. 887.) 

X3CXOMTZI. A variety of tantalite from Kimito in Finland, containing consider- 
able quantities of manganese and tin. 

XXOIXTB. A fossil resin found in a bed of bituminous coal at Oberhart, near 
Glogynitz, It is amorphous, with a fatty lustre and hyacinth-red colour, becoming 
yellowish when pulverised. It is subtranslueent in thin fragments. Fracture im- 
perfectly conchoidal in the purer varieties. Specific gravity = 1*008. Hardness <= 1. 
Softens at 76°, but is still tenacious at 100°. (Hai dinger, Pogg. Ann. lvi. 346.) 


J 

JABS. See Nephrite and Saussurite. ^ 

JALAP. This name is applied to tho roots and55fa*Lers of certain plants of the 
convolvulivceouB order, which yield purgative resins, true or offici nal jalap 

consists of the tubers of Convolvulus Schiedamts (or" Exogonia purga, according to 
Pereira), which contain a strongly purgative resin called convolvulin, 

(ii. 15), Kaysor’s rhodeoretin. 

SpuriouR, w-oody or fusiform jalap, jalap-wood, or jalap-stalks {Stipitrs 
Jala pa), the root of Convolvulus orisabensis , is sometimes mixed with genuine jalap. 
Its characteristic principle is jalapin, C ,4 H M O l# (Kayser’s pararkodeoretin , p. 438), a 
rosin homologous with convolvulin, and identical, or nearly so, with scammonin, the 
active principle of Convolvulus Scammonin (p. 438). Tho experiments of W. Mayer 
(Ann. Ch. Pharm. xcv. 161) seem to show that both convolvulin and jalapin exist in 
both kinds of jalap. 

JALAPXO ACXX>. Scammonic or Scammoninic acid. (W. Mayer, 

Ann. Ch. Pharm. xcii. 116; xcv. 129. Spirgatis, ibid. cxvi. 289.)— An acid produced, 
with assimilation of water by dissolving jalapin in aqueous solutions of the alkalis or 
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alkaline earth*. Jalapin is heated with baryta- water to the boiling point, until the 
whole is dissolved, ana acids no longer form a precipitate in the solution ; tho baryta 
is then removed by sulphuric acid ; the excess of this acid by hydrate of load ; and the 
dissolved lead, bv sulphydrie acid. The filtrate boiled to remove the sulphydric acid, 
and evaporated, deposits jalapie acid, which, in case it lias become coloured, may be de- 
colorised by treatment with animal charcoal, or by boiling it with a little hydrate of 
lead, and subsequently passing sulphydric acid through the liquid. 

Jalapie acid is a translucent, amorphous, shining, yellowish, brittle mass, which 
does not soften below 100°, and at about 120° molts to a turbid, very hygroscopic syrup. 
It 1ms no Bmell, but an irritating sweetish taste (Mayer), or a sourish irritating tuste, 
with bitter after-taste (Spirga t is). It has a strong acid reaction; dissolves very 
easily in water, easily also in alcohol-. , loss easily in ether. It contains, according to 
the mean of Mayer’s analyses, 64*4 per cent, carbon und 8*3 hydrogen ; according to 
Spirgatis, 54*6 carbon and 8*2 hydrogen: hence Mayer deduces the formula 
0*0*0**, requiring 64 6 carbon and 7*9 hydrogen; the formula above given, which 
requires 54*0 carbon and 8 0 hydrogen, is perhaps more probable. 

Jtiluptc acid decomposes at about 130° ; when heated on platinum foil, it burns with 
a bright sooty flame. "When a concentrated aqueous solution is stirred for a long time 
with fuming hydrochloric acid, it splits up into jalapinol and glueose (Mayer) : 

2C» 4 K«0 , » + 7 IPO = C*11«0» + 6C*H»0» 

The jalapie acid obtained from seammony forms jalapiuolic acid, instead of jalapinol 
(Spirgatis; sec p. 440). The same decomposition appears to be caused by emul&in 
(Mayer). Mayer obtained ulphujalupic acid by boiling jalapie ucid with dilute acids 
13y nitric acid jalapie acid is converted into i pomade ami oxalic acids. When melted 
with hydrate of sodium, it gives off hydrogen, and forms jalapiuolic and oxalic acids. 

Julapates. Jalapie acid unites with bases, forming salts in which 1, 2, and 3 at. 
hydrogen are replaced by the same number of atoms of metal: mixtures of these 
different salts are, however, very apt to form. It displaces carbonic acid from the car- 
bonates of tho alkalis and alkaline earths. Even when neutralised with an alkali, it 
gives no precipitate with any metallic salt, except basic acetate of lead. Tho jalapates 
are amorphous. 

Barium-salts. Tho monoharytic salt , is obtained by mixing aqueous 

jalapie acid with a slight excess of baryta- water, removing tho excess of baryta with 
carbonic acid, then warming and evaporating the filtrate. It resembles the tribarytic 
salt, and contains, according to May or s analysis, 497 per cent. C, 7'6 U, and 8 6 Bu, 
the above formula requiring 49 4 C, 7'1 II, and 8*3 Ba. 

Tho tribarytic salt, C M H ,M B;v*O a8 , is prepared by boiling jalapin for 4 to 6 hours, 
with 2 pts. hydrate of barium and 4 pts. water (or mixing it with an equal weight of 
hydrate of barium, melted for half an hour in an air-bath, and then heated with water), 
and passing carbonic acid through the boiling solution, which is then filtered and 
evaporated down, and the residue dried at 100° in a current of air. It is an amorphous, 
neutral, slightly -coloured mass, having a slightly irritating, bitter-sweet taste. It melts 
at 100°, and decomposes with intumescence when strongly heated. It is solublo in 
water and alcohol, and is not decomposed by carbonic acid (Mayer, Spirgatis). It 
contains, according to Mayer, 42’ 1 percent. C, 60 H, and 210 Ba, the preceding 
formula requiring 43*2 C, 6 0 H, and 218 Ba. [Mayer's formula, O*/i*Oa t 0*\ 
requires 42*4 C, 6*9 H, and 213 Ba.] 

A salt of intermediate composition, perhaps tho dibarytic salt , appears also to bo 
formed under certain circumstances (Mayer). 

Jalapate of lead. — Recently precipitated hydrate of lead dissolves in boiling aqueous 
jalapie acid, forming an amorphous, easily soluble salt. When the aqueous acid is 
boiled for a long time with excess of hydrate of lead, a gummy, tumefied, basic salt is 
farmed, which is insoluble in water, and very' sparingly soluble in alcohol. The aqueous 
acid gives no precipitate with neutral acetate of lead, but copious white flakes with the 
basic acetate (Mayer, Spirgatis). Ammoniacal acetate of lead, or the basic acetate, 1 
throws down, from tho aqueous acid, a flocculent precipitate, which may be purified by 
repeated solution in acetic acid, precipitation with ammonia, and washing. After being 
dried over oil of vitriol, it does not lose weight at 130° (Keller). It contains, ac- 
cording to Kelle r’a analysis, 31*1 per cent, lead ; the formula OTEI^PbH)** requires 
29 l per cent. Keller’s salt probably contained excess of base. 

Alpba-jalaplo arid. C**H*O l# . (W. Mayer, Ann. Ch.PharEQ.xcv. 165.)— 

" hen dilute aqueous jalapie acid is boiled for not too long a time with hydrochloric 
? r dilute sulphuric acid, one part of the jalapie acid is completely converted into 
jalapinol and sugar, another smaller part mto alphajalapic acid, which, on cooling, 
separates out, with the jalapinol, as a soft, brown, semi-crystalline mass. By boiling 
this mass with baryta-water, removing the jalapinolate of barium which separates on 
co °ling, and concentrating the mother- liquor, white silky needles of alphajalapic acid 
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are obtained, while jalapinate of barium remains in solution. The needles are puri- 
fied by recrystallisation from water ; then dissolved in boiling water, and decomposed 
by acetic acid ; and the alphajulapic acid, which crystallises out on cooling, is collected 
and purified by washing, recrystallising from water, acidulation with acetic acid, solu- 
tion in alcohol, and precipitation with hot water. 

Alphajalapic acid forms white, flexible needles, exhibiting a silky lustre under 
water, melting below 80° to a pale yellow thin oil, and forming a crystalline solid on 
cooling. It has no smell, but an irritating taste, with sweetish after-taste, and is 
feebly acid. It dissolves sparingly in cold, more freely in boiling water , easily in 
alcohol and in ether. 

When the barium-salt (or the acid itself) is heated , it is decomposed, with frothing, 
and gives off* a brown acid oil, which solidifies on cooling, partly in the crystalline 
form. When treated with dilute acids , or boiled with nitric add , or melted with 
hydrate of potassium, it exhibits the same reactions as jalapic acid. In the decompo- 
sition with dilute acids, however, only 4 at. sugar are formed to 1 at. jalapinol, whereas 
jalapic acid (p. 437) yields 6 at. sugar: 

2C 29 H*>0 , » + 6H 2 0 - C S2 H a2 0 7 + 4C'H ,2 0«. 

Alphajalapatc of barium, prepared as above, forms white, glittering, brittle, crystal- 
line needles, having a sweetish irritating taste, and melting easily, without loss of 
water, to a thin oil, soluble in water and in alcohol. It contains 10 5 per cent, barium, 
corresponding with the formula C M H M Ba"0 M , which requires 10 4 per cent, barium. ' 

JALAPIN. C S4 H M 0'*. (J. Johnston, Phil. Trans. 1810, p. 342; Phil. Mag. 

[3], xvii. 183.— A. Kayser, Ann. Ch. Pharin. li. 101. — W. Mayer, ibid. xcv. 129. - 
On Jalapin from scammony -resin ; Johnston, Phil. Trans. 1840, p. 340.— Fr. Keller, 
Ann. Ch. Pharm. civ. G3 ; further, with altered data., ibid. cix. 209.— Spire at is. ibid. 
cxvi 289.) ‘ r 

This substance (Kayser’ s Pararkodeoret hi) occurs in the root-stalk of Convolvulus 
(or Ipomcea) oricabcusis, the jalap-stalks or jalap-wood of commerce, and forms the 
principal portion (soluble in ether) of the jalap-resin prepared therefrom. [On the 
resin of tuberose jalap-root, seo ii. 16.] 

The resin of jalap-stalks has been examined also by ITiinlc (Report, xlviii. 3fi;>\ 
and Plane he (J. Pharm. xxiv. 1G9). According to Weppen (N. Br. Arch. Ixxxvii. 
153), it resembles the resin of Convolvulus arvensis , which, like jalapin, assumes a tine 
purple-red colour with sulphuric acid, and is soluble in ether (contrary to the state- 
ment of Blanche, J. Pharm. xiii. 165, who found it insoluble in other). The same 
resin has been examined by Chevallier (J. Pharm. ix. 306). The resin of Convolvulus 
& 'Manilla appears, according to Blanche, to be freely soluble in ether and alcohol, as 
also tlio portion of the tuberose jalap-root which is soluble in ether: both these 
resins are therefore, perhaps, jalapin. 

Commercial scammony resin, from Convolvulus Scammonia , was described some 
years ago by Boui llon-Lagrang.e and Vogel ; also by Blanche (J. Pharm. xiii. 
1G6; xviii. 183). Cl. Marquart (N. Br. Arch. vii. 248 ; x. 139) described llm resin 
obtained from the root, and believed he had separated front it a vegetable has o(convo!- 
valine). Johnston recognised tho similarity between scammony-resin and the 
resin of the jalap-stalks ; Spirgatis allowed that scammonin, the chief constituent of 
the former, is either identical with jalapin, or differs from it only in so far that, when 
decomposed by acids, it at once yields scammonolic(jalapinolie) acid; whereas jalapin, 
according to Mayer, when treated in a similar manner, yields at first jalapinol (p. 439). 
These statements are, perhaps, better founded than the contraiy statements of Keller 
and Kos mann (p. 440.) i 

According to PI a nch e, the resin of Convolvulus srmupi, and according to 13ou t ron 
and Charlard, that of Conv. Turpethum (J. PharrC*iii. 131), are not soluble in 
ether, and may tlms bo distinguished from jalapin. 

In what follows, tho statements of Kayser and Mayer relate to jalapin from 
jalap stalks; those of Keller and Spirgatis, to that from scammony. 

Preparation. — a. From commercial Resina Jalappa ex stipitibu s. To a solution of 
tho resin in a large quantity of alcohol, water is added, until it becomes slightly turbid ; 
tho whole is repeatedly boiled with animal charcoal, and the still- coloured filtrate is 
precipitated by neutral acetate of lead and a little ammonia, which produces a small 
greenish-brown precipitate. The liquid is filtered, and the filtrate freed from lead 
by passing sulphydric acid through it, then heating and filtering ; the alcohol is again dis- 
tilled off, and the resinous residue repeatedly kneaded in boiling water, then dissolved 
in ether, from which it may be recovered by evaporation (Mayer). Or the alcoholic 
resin, after treatment with animal charcoal, is boiled for a long time with freshly-pre- 
cipitated hydrated oxide of lead ; the lead is separated from the filtrate by sulphydric 
acid ; and the resin is three times separated by water from the alcoholic eolation, then 
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well boiled in water and dissolved in ether (May er). K a y s o r exhausts the root with 
alcohol ; evaporates the tincture ; washes the resinous residue with hot water, dissolves 
it in alcohol, and treats the solution with animal charcoal ; distils off the alcohol ; 
boils the residue again with water; and dries it over a water-bath. Johnston ex- 
amined a resin that was obtained either by dissolving the commercial resin iu ether 
and evaporating the solution; or by exhausting the ground root of commerce with hot 
alcohol, evaporating the brown tincture, and extracting the residue with ether ; or by 
extracting chips of the root with cold alcohol, evaporating, boiling the residue in 
water, dissolving the resinous residue in ether, and evaporating the solution. 

b. From Scammony. — Coarsely-powdered scammony is exhausted with cold alcohol 
(boiling, according to Keller) ; the tincture is diluted with water till it becomes turbid, 
decolorised by animal charcoal, and filtered ; the greater purt of the alcohol is dis- 
tilled off; and the residue mixed with water is heated in a water-bath, till the whole 
of the alcohol is driven off, after which tho resin is treated for a long time in a water- 
bath, with frequently-renewed hot water, and at lost dried up. The residue may be 
dissolved in ether and recovered by evaporation. (Spirgatis.) 

Tho jalapin (obtained according to a or b) still contains a small quantity of a volatile 
acid (valerianic acid, according to Keller), which cannot be completely removed even 
by very long washing. It betrays itself by the smell which the jalapin emits when it 
is converted by bases into jalapic acid, and the resulting solution supersaturated with 
a mineral acid. Keller regards this acid, the bulk of which passes off in the water 
used in washing the jalapin, as an essential product of the decomposition of scammony; 
whereas Mayer and Spirgaiis regard it as a mere contamination. 

Properties. — Jalapin is a colourless, amorphous resin, translucent when in thin 
plates ; at 100° it becomes brittle, and may be rublu'd down to a white powder. It 
soften at 123°, and melts at 150° to a transparent, colourless, or pale-yellow syrup. It 
is tasteless and inodorous ; in alcoholic solution it gives a scarcely perceptible acid re 
action (May er, Spirgat is). It is but slightly soluble in water, but dissolves very 
easily and without decomposition in alcohol, wood-spirit, ether, and chloroform. It 
dissolves also in benzene, oil of turpentine , and petroleum. 

The composition of jalapin dried at 100°, or in a vacuum at Common temperatures, 
is shown by the following analyses. 

Analyses. 


34 C . 

Calculation. 

. 408 

66-66 

Kaj 6i*r. 
68- 13 

Major. 

66-52 

Keller. 

6GC5 

SpIrgiilU, 

66-47 

66 H . 

66 

777 

807 

818 

8-39 

7 93 

16 O . 

. 256 

35 57 

33-80 

35-30 

34 96 

36 60 


720 

100 00 

100-00 

100 00 

1 oooo 

100 00* 


Johnston found in the resin obtained from jalap-stalks, 60 7b to 66 05 per cent., in 
seammony-resin 64 06 to 65 32 per cent, carbon. Keller gives the formula CP*H* tl 0 9% . 

Decompositions. — 1. Jalapin heated above 127° gives off carbon and hydrogen in 
tin 1 form of a volatile compound, which contains less oxygen than the residual resin 
(Johnston). Jalapin which melts at 150°, becomes brown when furlhor heated, and 
acquires a pungent empyreumatic odour (Spirgat is). — 2. When heated on platinum- 
f“ii, it takes fire, burns with a bright sooty flame and empyreumatic odour, and leaves 
charcoal. — 3. It dissolves slowly in cold strong sulphuric acid, file solution, in five or 
ten minutes, acquiring a beautiful purple or maroon-red colour, then becoming brown, 
and finally black. On standing, or after dilution, a brown resin or a brown tallowy 
body separates from the liquid, while sugar remains dissolved (Kayser, Mayor, 
Hpirgatia). — 4. By heating with dilute mineral acids , jalapin (even that which has 
been dissolved in alkalis and thereby converted into jalapic acid) is decomposed into 
jalapinol and sugar (Mayer). When jalapin from scammony is treated in the same 
way, jalapinolic acid is obtained in place of jalapinol (»Spirgatis). formation of 
jalapinol : 

2C ,4 H 44 0 1 * + HH’O * C^II^O* + 6G e H ,x O* (Mayer). 

Of jalapinolic acid : 

c « H *4 0 .t + 611*0 ~ C ,, Il**O a + 3C*II ,2 0*. 

If pure jalapin (or pure jalapic acid) has been used, no other bodies are produced than 
those just mentioned (Mayer, Spirgatia). According to Keller, when a solution 
(alkaline or alcoholic?) of scamroonin is treated with strong sulphuric acid or with 
hydrochloric acid gas, and then left to itself, three decomposition-products result, and 
the formation of a fourth (formic acid or formic aldehyde) appears probable from the 
formulas. The products of this decomposition are — a. A neutral body, C*H n O*, also 
S’panbU by into scammonolic ja/'id (jalapinolic acid), and an alcohol, CP * •*-— 
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}> Amt/llC olcktyde, wttch passes over as valerianic acid when scammony-resin is boiled 
rith potash-ley, and then with dilute sulphuric acid. jyc. A carbo-hydrate, 
which, however, is converted into sugar by simple boding with dilute sulphuric acid! 
Keller gives the equation : 

+ C°H l0 O 2 + 3C i2 H 9 (^ + CPK^O 2 . 


But, according to Spirg&tis , the neutral body a must be regarded as ethyl-seam mo- 
nolic ether; moreover, the valerianic acid is obtained only from impure scanimouin, 
Kasmann (J. Phnnn. [3], xxxviii. 83), by boiling scammony-resin with dilute sul- 
phuric acid, obtains sugar and his scammoneol, as a soft, yellowish-white substance, 
having a silky lustre and acid reaction, and separating from the hot alkaline solution 
on cooling. He calculates, according to Johnston's analysis of scammony-resin, the 
formula C"IP J 0 ‘ for scammonin, and so arrives at the equation of decomposition: 

CMjpso 1 * + 6H 2 0 = 3C 6 H ,2 0 8 + C ,4 H M 0». 

5. When jalapin is dissolved in aqueous solutions of caustic alkalis , ammonia , or 

baryta-water, or in boiling alkaline carbonates , water is assimilated, and jalapic acid, 
soluble in water, is formed (Mayer, Spirgatis), probably thus: 

C 34 !! 5 ^) * + 2H 2 0 = C 3 ‘H M 0 18 . 


Even the purest jalapin yields also traces of jalapinolic acid and a volatile acid, but no 
sugar (Mayer). When jalapin is melted with hydrate of sodium , hydrogen is given 
oflf and jalapinolic and oxalic acids are formed (Mayer). Keller, by boiling scammonin 
with alcoholic potash, obtained dark flakes (on account of impurities in the scammonin, 
according to Spirgatis) ; and on subsequently adding water to the solution, the com- 
pound, C^ir^O 1 or C ,s H“0, was precipitated in white flakes, while valerate of potassium 
remained in solution. The body, C ,3 It i *0, regarded by Keller as an alcohol, is likewise 
formed, on boiling commercial jalapin (obtained from the resin of jalap-stalks) or 
seammony with baryta- water, or solution of potash ; it evaporates with tho water, and 
separates in gelatinous flakes from tho distillate. At -HP it melts to an oil, crystallises 
on cooling, and contains, on the average, 78 per cent. C, 14*12 H, and 7’88 O. K< ll< r 
regards this body as a product of the decomposition of scammonin (or more exactly 
of the neutral body, or C^H^O 2 ; Spirgatis regards it as a mixture of resins, 

since tho greater portion of it is obtained on distilling the impure resin with water. 

6. By nitric acid , jalapin is at first decomposed into jalapinol and sugar, and these 
products, when further subjected to the action of the nitric acid, are converted into 
ipomieic and oxalic acids (Mayer). A small quantity of nitric acid does not colour 
julapin ; but, in presence of guaiae-resin, a green colour is produced (Bu 11, Spirgatis). 
—7. When sulphurous anhydride is passed through an ainmoniacal alcoholic solution 
of seammony resin, silvery-shining plates are separated, containing perhaps an aldehyde 
in combination with acid sulphite of ammonium. (Keller.) 

JALAPZVOXt. C K H a -’0 7 . (W. Mayer, Ann. Ch. Pharm. xcv. 145.) — Jalapin 

and jalapic acid are resolved, by contact with mineral acids, slowly at ordinary, more 
quickly at elevated temperatures, into jalapinol and sugar (pp. 437, 4 3D). Jalapinol 
and sugar were also producod, in one instance, when aqueous jalapic acid was left for 
24 hours in contact with emulsion of almonds at 3G° to 38°; whereas, in a second expe- 
riment, pure emulsin did not effect tho decomposition, perhaps because the solution was 
too strongly heated. 

To prepare jalapinol, a moderately concentrated aqueous solution of jalapic acid is 
mixed with half its bulk of fuming hydrochloric acid, and JUdt to itself for days, or till 
tho clew mixture has solidified to a thick crystalline ^ulp ; and the product, after 
being washed on a filter with cold water, is repeatedly ♦united under warm water, and 
purified by recrystallisation from alcohol, witli help of HPfSmil charcoal. 

Jalapinol forms white, cauliflower-like crystals, which melt at 62° or 62‘6°, and 
solidify at 69*6° to a hard, brittle, crystalline mass. It makes grease-spots on paper; 
is inoaorous ; has an irritating taste, and weak acid reaction. It is soluble in alcobd 
and in ether. 

In contact with caustic alkalis , aqueous ammonia, or baryta , k is converted, with 
elimination of water, into a salt of jalapinolic acid : 

OTa^O* + 2B&IIO - 2C l ‘H 28 BaO* + 3H l O. 


ZALAPUro&XC ACID. C^H^O 3 .— An acid produced — l. By treating jalapinol 
with caustic alkalis* or with baryta (Mayor). — 2. By the uetion of melting hydrate of 
potassium on jalapin or jalapic acid (Mayer). Jalapin and jalapic .acid, prepared 
from scuMHHony, are resolved by mineral acids into jalapinolic acid and sugar. (Spir- 
gatis.) 

Preparation. — i. Jalapin is added gradually and by small portions to hydrate oi 
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•odium melted with |th pt of water (the mass then frothing up violently* giving off 
hydrogen and turning brown) ; the mixture is heated and stirrea as long os hydrogen 
continues to escape; the crumbling light-yellow mass is dissolved in water after cool- 
ing ; and the greater part of the alkali is neutralised with acid. The julapinolute of 
sodium, which separates after some hours, is collected, washed, and decomposed by 
hot acidulated water ; the separated acid is again repeatedly melted with pure 
water, then dissolved in alcohol and treated witli animal charcoal ; the somewhat 
concentrated filtrate is mixed with a large quantity of warm water ; and the solid acid 
which separates on cooling is collected (Mayer). From the mother-liquor filtered 
from the jalapinolate of sodium, excess of acid still separates a small quantity of im- 
pure jalapinolic acid f Mayer). — 2. The hot aqueous solution of julapic acid (from 
scammoiiy) is digested in the water-bath for a fortnight with dilute sulphuric acid; 
anil the tallowy mass which separates on cooling, is freed from sulphuric acid by 
washing with hot water, and crystallised from ether with help of animal charcoal 
(Spirgatis). — 3. Jalapin from scarnmony is added to boiling baryta-water; the 
liquid is heated till the whole is dissolved, and a sample of the filtrate is not rendered 
turbid, either by water or by hydrochloric acil; and the solution, after filtration, is 
mixed with one-third of its volume of fuming hydrochloric acid. The liquid becomes 
turbid in about 20 hours, and solidifies in the eourso of 10 days to a thick pulp, which 
is collected, washed with cold water, remelted with hot water, and recry stallised foui 
or five times from aqueous alcohol. 

Properties. Jalapinolic acid forms white tufts of noodles, appearing under a magni- 
fying power of 300, as thin 4-sided prisms. It melts at 04° or G4*6° (00° to 01°, 
according to Keller,) and solidifies at 61'5° or 62° (Mayer), at 50° (Spirgatis), 
to a white radio-crystalline, hard and brittle mass. It makes grease-spot s on paper; 
is lighter than water; inodorous, but has an irritating taste and acid reaction (Mayer, 
Spirgatis). It is insoluble in wattr, but soluble in alcohol and ill ether. 

When heated above its melting point, it decomposes with intumescence, emitting a 
pungent odour which attacks the eyes and throat. — Nitric acid oxidiscH it to ipoimeio 
acid and oxalic acid (Mayer, Spirgatis). 

J alapi nolates. The acid is monobasic, the general formula of its neutral salts 
Wing C“H*MO*. 

Jalujrinolate of Ammonium , C l- Il 2B (NH 4 )0*.C l “Il So O*. — Ily dissolving jalapinol or 
jalapinolic acid in aqueous ammonia, an opalescent liquid is obtained whiih gives oft 
ammonia when evaporated, solidifies to u crystalline mass when concentrated to a 
«•< rtain point, but if completely evaporated, leaves an amorphous neutral jelly soluble 
in water. The crystals are grouped like cauliflower-heads, and when strongly magni- 
fied, appear as long colourless needles. (Mayer.) 

Jalapinolate of Barium , C* 2 H i<l I3a"0 < , is obtained by precipitating jalapinolato of 
ammonium with chloride of barium, or by boiling jalapinol or alcoholic jalapinolic 
acid with baryta, and crystallises out on cooling, in microscopic, thin, white, Inslreiess 
needles, melting to a colourless liquid when heated. It is nearly insoluble in cold, 
sparingly soluble in boiling water, more easily in boiling aqueous alcohol. (Mayor, 
Spirgatis.) 

Jalapinolate of ammonium precipitates aqueous chloride of calcium. 

Jalapinolate of Copper . a. Basic. — When a slightly alkaline aqueous solution of 
the ammonium-salt is precipitated with cupric acetate, and the precipitate is washed 
and dried at 100°, a dark blue-green, amorphous, very loose mass is obtained, which 
melts, without loss of water, to a dark green liquid, and solidifies to a translucent 
brittle mass. It is insoluble in water, nearly sol ublo in alcohol, contains at 100°, 
1B'75 per cent, cupric oxide, and is thereforo 2C a2 H i, Cu"0' , .Cu"II*0 2 (cnlc. lfl'24 per 
cent. CuO), (Mayer.) 

b. Neutral. — C* 2 H M Cu"0*. A hot aqueous solution of jalapinolate of sodium forms 
with hot aqueous cupric sulphate, a green -blue precipitate, which dries up to a light 
blue-green amorphous powder, melting to a dirk green liquid when heated. (Hpi rgatis.) * 
It gave by analysis 13’24 per cent. CuO, the formula requiring 13 28 jssr cent. 

Jalapinolato of ammonium precipitates iron-softs. 

Jalapinolate of Lead , C**H M Pb"0*, is obtained by precipftSnng alcoholic jalapinolic 
arid mixed with a little ammonia, with neutral acetate of lead, and washing the white 
amorphous precipitate with dilute alcohol and water. It sinters together to an opaque 
“wiss at 120°. It is sparingly soluble in water and alcohol. 

Jalapinolate of Potassium is obtained by dissolving jalapinol in boiling aqueous 
potash. The solution on cooling solidifies to a crystalline pulp, which, after washing, 
and recrystallisation from water or alcohol, forms slender, white, silky needles, melting 
without decomposition when heated. It is neutral, forme an opalescent solution with 
water even when free alkali is present, and is soluble in alcohol. 

Jalapinolate of SHocr, C ,# H**AgO’.— The alcoholic solution of the acid neutralised 
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with ammonia is precipitated by a warm solution of nitrate of silver, in flakes which 

have a scarcely perceptible crystalline character. (Keller.) 

Jalapinolate of Sodium , C^H^NaO*, crystallises in slender dazzling-white tnfts 
of needles, which form a turbid solution with a small quantity of hot water, a clear 
neutral solution with a larger quantity, and are likewise soluble in alcohol. (Sp i rgat i s.) 

Jalapinolio Zither, C l8 H M 0 B = C 1 ®H 2 *(C 2 H 5 )0\ Scammonolic ether . — When 
hydrochloric acid gas is passed into a solution of jalapinolic acid in absolute alcohol, 
and the resulting liquid is mixed with water, a yellow oil separates, which must be 
washed, after solidification, with cold alcohol, dissolved in boiling alcohol, mixed with 
carbonate of sodium, and after it has separated out on cooling, repeatedly precipitated 
from the alcoholic solution by water. It may also be obtained from scaromony resin, 
by passing' hydrochloric acid gas int-o the alcoholic solution. (Spirgatis.) 

JALPAITE. A cupriferous silver-glance from Jalpa in Mexico. It has a 
blackish lead-grey colour, is malleable like ordinary silver-glance, and has a specific 
gravity of 6 877 to 6 890. According to an analysis by R. Richter, it contains 
14*36 per cent, sulphur, 71*51 silver, 1312 copper, and 0 79 iron, agreeing nearly with 

the formula, 2 S. (B r e i t h a upt, Jahresber. 1858, p. 682.) 

JAMAICINE. An alkaloid said to be contained in the bark of Gcoffroya inermin , 
a leguminous tree growing in Jamaica and in Surinam. (Huttenscbmidt, Geiger's 
Mag. Pharm. Sept. 1824. — Winckler, Phurm. Centr. 1840, p. 120.) 

XAMXSSOirXTS. A sulphantimonite of lead occurring in trimetric crystals. 
ooP : ooP = 101° 20' and 78° 40'. Observed planes ooP, ooT J ao. Cleavage basal, 
very distinct ; parallel to ooP and qcJ*oo less distinct. Sometimes capillary ; also massive 
with columnar structure ; particles delicate, straight and parallel or divergent. Hard- 
ness = 2 to 2 5. Specific gravity = 5*5 to 5 8 (llai dinger). Lustre metallic. 
Colour and streak steel-grey. Opaque. Sectile. 

When heated in an open tube, it gives off dense white fumes of antimonious oxide ; 
on charcoal before the blowpipe it decrepitates, fuses readily, and passes off almost 
wholly in fumes. 

Analysts. — a. from Cornwall, mean of three analyses by If. Rose (Pogg. Ann. viii. 
99). — h. from Estremadura, by Schaffgotscb (ibid. xxxviii. 403). — c . from Tuscany, 
by Rechi (Sill. Am. J. [2] xiv. 60). — d. from Arnny, Idka, by Lowe (Haidittgi r s 
licrichte , i. 62). 



s 

Sb 

ns 

Vb 

Fe 

C« 

Zn 

Ag 


a. 

22*34 

34 29 


39*94 

204 

018 

trace 

« 99*39 

b. 

21*78 

32*62 

1*05 

39*97 

3 63 


0*42 


= 99*47 

c. 

20 53 

32*16 


43*38 

0*94 

1*25 

1*74 


= 100 00 

d. 

18*59 

33*10 

6*22 

40*82 

2*99 

1*78 

0*35 

1 48 

= 99*33 


These analyses lead to the conclusion that. Jamosonito is an isomorphous mixture of 
sulphantimonito of lead 2PbS.Sb 2 S\ with the corresponding compounds of iron (copper, 
zinc, and silver). Such a mixture of one molecule of the iron- salt and three molecules 

of the lead-salt, viz. 2FeS.Sb a S\3(2PbS.Sb a S s ) or (FePb*&«)»S w , would contain 21 <34 
per cont. S, 32 55 Sb, 42*02 Pb, and 3 79 Fe. 

Jamesonite occurs principally in Cornwall, associated with quartz and minute crystals 
of bournonito ; occasionally also in Siberia, Hungary, Spain, and Brazil. (Dana, ii. 75; 
Rammelsberg, p. 68). 

7AFONZO ACZB< C l2 II l0 O 3 . — An acid produced by exposing to the air a solu- 
tion of cateehin in caustic potash. The liquid slowly Slackens, and on adding hydro- 
chloric acid, a black precipitate of japonic acid is pr<lfi|iced. The acid is soluble in 
water, but insoluble in alcohol. It forms with potaffi^ a black salt which produces 
black precipitates with metallic solutions. (SvanbeTg, Ann. Ch. Pharm. xxiv. 215.) 

JAJlCtXONXTS. A variety of galena, crystallised in octahedrons. Specific gravity 
6*932. 

JAXOON. Syn. with Zircon. 

JABOSITE. A native ferroso-potassic sulphate from Baranco Jaroso near Sierra 
Amagreru in Spain. Crystallises in yellowish rhombohedrons with basal cleavage. 
(Dana, ii. 389.) 

JA8FISU A sub-species of quartz of which the following varieties are enume- 
rated by Jameson. 

1. Egyptian jasper, which is red or brown. The first is flesh-red, blood-red, yellow 
and brown, in ring-shaped delineations ; in roundish pieces, dull, with conchoidal frac- 
ture. Feebly translucent on the edges. Hard ; easily frangible. Specific gravity, 2*63 
It is found imbedded in red day-ironstone at Baden, and is cut into ornaments. 
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The brown variety has its various shades of colour disposed in concentric stripes, 
alternating with black stripes. It occurs in the sands of Egypt, in spheroidal masses, 
with glimmering lustre. Fracture concho'idal. Feebly translucent on the edges. As 
hard as horn-stone. Specific gravity 2 6. Infusible. It is cut into ornaments. 

2. Striped jasper. Colours grey, green, yellow, red, arranged in stripes, in flamed 
or spotted delineations. Massive, in whole beds. Dull. Fracture conehoidul. Opaque. 
I^ess hard than Egyptian jasper; rather easily frangible. Specific gravity 2*6. It 
occurs in secondary clay -porphyry in the Pentland hills, and near Friburg in Saxony, 
It receives a fine polish. 

3. Porcelain jasper. Colours grey, blue, yellow, generally of one colour, or with 
clouded delineations. Massive, and cracked in all directions. Lustre glistening. Frac- 
ture conchoidal. Opaque. Easily frangible, and not very hard. Specific gravity, 2’5, 
fuses into a white or grey glass. It is always found along with burnt clay and earth 
slags. According to Werner, it is slate-clay converted into a kind of porcelain, by the 
heat of a pseudo-volcano from beds of burning coal. It is found on the coast of Fife- 
shire, in Shropshire, and Warwickshire, and some parts of Germany, where immense 
bods of coal appear. 

4. Common jasper. Colours red and brown. Massive. Lustre, from shining to dull. 
Fracture concho'idal. Opaque. Hard in a low degree ; rat her easily frangible. Spocifio 
gravity 2*6. Infusible before the blowpipe, becoming at last white. 1\ occurs princi- 
pally in veins as a constituent of agate. It is found in the Pentland hills, and in trap 
and transition rocks in Ayrshire and Dumfriesshire. 

6. Agate jasper. Colours yellowish- and reddish- white. Massive, dull. Fracture 
fiat, conchoidal. Opaque, ilathor hard. It occurs in layers in agate-balls in many 
places. . ^ U. 

The iaspis of the ancients, whence otir word jasper is derived, appears to have in- 
cluded the green or bluo variety, together with somo other stones not of the jasper 
kind. 

JATROPHA. A genus of euphorbiaceous plants, some of which contain in- 
tensely poisonous juices : the seeds of several species yield fixed oil. 

The kernels of the seeds of Jatrcpha Curcas wero iound by Arnau don and Ub h 1- 
dini (Cimento, vii. 431) to contain 7*2 per cent, water, 37'/) oil, 553 sugar, starch, 
albumin, casein and inorganic mutters. The kernels yielded 4 8 percent, ash, and 
4 2 per cent, nitrogen ; the kernels and husks together, 6 per cent, ash and 21) per cent, 
nitrogen. The oil yielded by saponification, glycerin, and an acid which, as well as 
the nnsaponified oil, produced oet.ylic alcohol by distillation with hydrate of potas- 
sium. 

'flic oil of the fruit of Jatropka glauca. nnd of ./. gtandulosa is yellow, has a specific 
gravity of 0963 and solidifies at 5°. (.1. Lupine, J. Pharm. |3] xl, 1C.) 

The root of Jatropka Manihut contains a large quantity of starch, which when freed 
from the poisonous juice of the plant by washing and torrefaction, constitutes Brazilian 
arrow-root (i. 359.) 

JEFFERSON ITU. A dark-gTeon, crystallised, foliated variety of a agile, con- 
taining zinc, from Mine Ilill, Franklin, New Jersey. .Specific gravity 3 6. Formula 
(Fa ; Fo; Mg; Zn)"SiO* 

JXLMSTXT8. An altered form of garnet, said to occur in rhombic prisms with 
angles of 60°, the supplement of which, 120°, is tho angle of the rhombic dodecahedron. 
»Sj>ecific gravity s= 3*741. Hardnoes above 7. Occurs as a yellowish, slightly greenish 
incrustation, and is compact in its texture. Composition, according to YVrigliL 
(J. Geol. Soc. Dublin, v. 119), 38 09 SiO 2 , 33 41 FeH> J , 28 01 CaO - (10011), which 
if a small part- of the iron is regarded as protoxide, gives tho formula of garnet. 
(Dana, ii. 194.) 

WMIWO ITICT or JIWBinfOWlTBi A variety of vesuvian from* 
Finland, containing, according to Ivanhoff, 37*41 SiO 7 , 34 20 CaO, 20*00 AFO*, 4*60 
FeO, M6 K*0, and 1*70 Na 2 0 (= 99 07). It is usually yellowish-brown, but some- 
times colourless. (Dana, ii. 506.) 

IllfltlVSXTS, Syn. with Htdhophitb (p. 212). 

An alkaloid discovered by E. Simon (Pogg. Ann. xli. 569), in the 
root of white hellebore ( Veratrum album), in which it exists, together with veralnno. 
It is extracted by mixing the alcoholic extract of the root with dilute hydrochloric 
acid and precipitating with carbonate of sodium. The precipitate is dissolved in 
alcohol, the solution decolorised with charcoal, and the alcohol removed by distillation. 
'The greater part of the residue then solidifies in a crystalline mass, from which tho 
veratrine, being uncrystal li sable, may bo almost entirely removed by submitting it to 
pressure, moistening the resulting cake with alcohol, and pressing again. In this 
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manner jervine ie obtained nearly pure. A further quantity may be. obtained, in the 
form of sulphate, by evaporating to dryness the expressed liquid, which contains both 
jervine and veratrine, and treating the residue with dilute sulphuric acid, which takes 
up sulphate of veratrine, and leaves sulphate of jervine. 

Jervine is colourless and crystalline; gives off 6*9 per cent, water of crystallisation 
(2 at) at 100°, and melts at a higher temperature to a colourless oil, which decom- 
poses when heated above 200°. It is insoluble in water, soluble in alcohol, very 
sparingly soluble in ammonia. 

According to Will’s analysis (Ann. Ch. Pharm. xxxv. 116), it contains 74*9 1— 
7P55 per cent, carbon, 9 57 — 9*74 hydrogen, and 5*38 nitrogen, whence Will deduced 
the formula G*H* h N*(P for which Gerhardt substituted or C^H^N-O* 

(calculation 74*7 per cent. C, 9'5 0, 5*7 N, and 10*1 O). 

Jervine gives off ammonia when fused with ‘potash. 

Acetate of jervine is soluble in water. The sulphate , nitrate , and hydrochlorate are 
very sparingly soluble in water and in mineral acids. The chloroplatinate forms light 
yellow flakes which give by analysis 14*55 — 14'33 per cent, platinum, the formula 
2(C M H 4fl N z O*.HCl).PtCl 4 requiring 14*3 per cent. 

JXT. A variety of bituminous coal, resembling cannel coal, but blacker, and with 
a stronger lustre. Specific gravity 1*3. It occurs, together with lignite, in beds, in 
floetz, trap, and limestone rocks, and in bituminous shale. It is found on the coast of 
Whitby, in Yorkshire, in the Isles of Skye and Faroe, in Hcssia, Bavaria, Bohemia, 
and Styria. It is used for fuel and for making various ornamental articles. 

It is the Gagates of DLoscorides and Pliny, a name derived from the river Gagas, in 
Syria, near the mouth of which it was found. U. 

JSWKSZNOWXTfi. Syn. with Jefkeinoffite. 

JOHANNITE. Native uranous sulphate. See Uranium, 

JOBNlTfi. Syn. with Tvuquois. 

JUOLANBIN. A substance contained in the juice expressed from the green shell 
of the walnut (Juglans regia). The fresh juice is nearly limpid, has a rough bitter 
taste, turns brown rapidly in contact with the air, and then loses its strong taste. Bv 
prolonged contact with the air, it deposits brown tasteless flocks, insoluble in wat»-r 
and alcohol, the juice at the same time losing its bitterness. The fresh juice reduces 
iron-salts; tho browned juice, when mixed with potash, precipitates ferrous sulphate, 
losing its colour at the same time. With nitrate of silver it forms a precipitate 
which blackens rapidly, und contains metallic silver. 

Tho extract of green walnut -shells consists of impure juglandin. It is used as a 
remedy in cutaneous und scrophulous diseases, also for dyeing the hair black. ( Gerk . 
2Yaitc, iv. 307). 

XinfIPEB. The berries of the juniper {Junipcrus communis ), which are used for 
flavouring gin, and in the form of aqueous decoction, also in medicine ns a diuretic, 
contain, according to Trommsdorff, 10 per cent, essential oil of juniper, 4*0 wax, 10 0 
resin, 33*8 sugar, together with acetate and inuhito of calcium, 7 0 gum and vegetable 
salts, 35*0 woody fibre, and 12 9 water. 

Tho essential oil of juniper, obtained by distilling tho tx*rries with water, has tho 
composition and vapour-density of oil of turpeutino (C ,0 H la ); boils at 160°; turns tho 
plane of polarisation to the left, but less strongly than oil of turpentine. It is very 
little soluble in alcohol of ordinary strength. It does not form a solid camphor with 
hydrochloric acid ; hut after the complete absorption of the gas, a liquid is formed 
which appears to contain 3C’°H ,a .2HCl. 

The old and moist essence deposits crystals which aprih&r to be identical with hydrate 
of turpentine. It is acid and contains formic acid. 

By distilling unripe juniper-berries with salt-water, THanchet obtained another oil, 
which boiled at 205°, but appeared to have the same composition as that just described. 

( Gcrh, Traiti, iii. 637.) 

J WXJBSIXTfi. Spathic iron ore. 

JtTRXWXTS. Syn. with Bbookitb. 


k 

XXMMBBBRZTS. A variety of pyrosclerite containing a considerable quantity 
of chromium. (See Pyuosclkkitk.) 

UMPrBSZBE. A substanco contained in the root of Keempfcria Golan ga. 
It may be extracted by ether, togfther with a brown, viscid, aromatic substance, winch 
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may be removed by dissolving the product several times in alcohol, the brown sab- 
itanee separating first when the solution is left to evaporate. 

Kuempteride crystallises in yellowish nacreous laminne, without tAste or smell. It 
melts at a temperaturo above 100°, dissolves in 25 pts. of ether at 16°, is less 
soluble in alcohol, and nearly insoluble in water. It dissolves in worm acetic acid, 
and the solution yields with ammonia a precipitate soluble in excess of that reagent. 
Sulphuric acid imparts to it a fine bluish-green colour. Caustic potash dissolves it 
with yellow colour; carbonate of potassium with effervescence. 

Kaenipferide gave by analysis (calculated with the old atomic weight of carbon) 
65 3 per cent. C, 4*3 II and 30 4 O. (Brandes, Ann. Ch. Pharm. xxxii. 312.) 

XALX8ACCBARZO AC1B. Syn. with Glucic Acid (ii. 848.) 

aiAl»TPX.OTXTB. A mime given by Shepard (Sill. Am. J. [2], xii. 210) to 
some small black-brown crystals from Huddam, Connecticut, regarded by him as a 
new mineral. Dana, however, regards them as garnets. 

A substance obtained from tho fruit of liotthria tinctoria, and used 
as an anthelmintic (see Rottle«ia). 

KAVBZTZL Arsenical Manganese. (See Manganese.) 

KA OLCT. The Chinese name of porcelain clay (i. 1024). 

ir ap witb. A variety of calamine containing more than 15 per cent, of ferroni 
oxide. Tho angle of tho rhombohedron It : It is 107° 7 (Broi t haupt). 

^AHEinriTB. An oxy sulphide of bismuth occurring, together with telluric 
silver, in tho Sawodinsk mine in the Altai. It forms crude Tumps, having a metallic 
aspect, a decidedly crystalline fracture, with prevailing cleavage in one direction, strong 
metallic lustre on the fractured surface, and lead-grey colour. Hardness «* 2 ; spooific 
gravity = 6*60. On treating t he pulverised mineral witli hydrochloric acid, a small 
cpiantity of admixed bismutite(i. 597) dissolves and pure karclinite remains uudissolved. 
Tho hitter heated in a test-tube gives off sulphurous anhydride, but no free sulphur, 
and forms a grey slag, from which globules of metallic bismuth ooze out; heated in an 
open tube, it also gives off sulphurous anhydride, and leaven a metallic regulus sur- 
rounded by a brown easily fusible oxide. Nitric acid easily decomposes the mineral, 
with separation of sulphur. The mineral gives by analysis 91*26 per cent, bismuth, 
3 53 sulphur, and 5 21 oxygen, agreeing with the formula Bi«SO* or Bi\S.Bi 3 0 # . 
(K. Hermann, J. pr. Client, lxxv. 44S.) 

KARPHOLITS. Sec Carpholitk (i. 806). 

KMIPBOBZDBRITB. Sec CABPiiosinF.niTF. (i. 807). 

KARBTBNXTE. Syn. with Anhydrite (i. 295). 

XAVA-ROOTi The root of Pi /nr iw thi/stiaun (Forster). When dried be- 
tween 110° and 120°, it leaves a residue amounting to 85 per cent.: after exhaustion 
with alcohol and with water, it leaves 75 per cent, of residue containing 26 pts. woody 
fibre and 49 starch. By exhausting the root with alcohol of 80 ja*r cent, an extract 
having a peculiar smell and taste is obtained, the solution of which in warm alcohol 
delimits needle-shaped crystals, while a rosin remains dissolved. 

The crystalline substance called methysticin, forms, when purified by repeated 
crystallisation, small white silky needles, destitute of taste and smell. It is insoluble 
in water, sparingly soluble in cold alcohol and ether; reacts neutral; nulls at 130°, and 
decomposes at a stronger heat; is dissolved by nitric acid with orange-yellow colour, 
by pure sulphuric acid with violet colour. It yields by analysis 62*03 per cent carbon, 
610 hydrogen, and 1*12 nitrogen. . 

The resin kawin, contained, together with myristicin, in tho alcoholic extract of 
the root, is a soft greenish-yellow substance, which has a strong aromatic taste and 
odour, melts at 50°. decomposes at a stronger heat, nnd produces a deep red colour) 
with sulphuric acid. 100 pts. of kaw*a-root contain 16 pts. water, 26 woody fibre, 
49 starch, 1 methysticin, 2 acrid aromatic resin, 3 extractive and gummy matter, 
1 chloride of potassium, and 3 magnesia, silica, alumina, and ferric oxide. (Goblcy. 
J. Pharm. [3], xxxvii. 19.— O’Korke, Compt rend. L 498.) 

SAWAXV. A crystallisable non-azotised substance, from kawa-root; it. contain 
65*85 per cent, carbon and 5*64 hydrogen. (Cuzert, Compt, rend. L 436 ; lii. 206.) 

XAVXV, The resin of kawa-root. (See above.) 

XEORXA TBXBE8TBZ8. Barlmdoes tar. (See Bitumen.) 

XXZLBAVXTZ. Syn. with Yttrotitanite. 

UW. Incinerated sea-weed. ( y ee Ska-wket>.) 

a mg g rp ^ y f y«f»yi T A hydrated sulphate of aluminum from near Konigsbetg 
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in Hungary, having the same composition as alunogeu (i. 161). It occurs in crystal, 
line crusts, and six-sided tables of the monoclinic system, with two angles of 92°, and 
four of 134°. Specific gravity - 1*6 to 17. Contains 14*30 per cent, alumina, 
2*16 ferrous oxide, 36 75 sulphuric anhydride, 44*60 water, and 2*01 insoluble matter 
(= 99*81), agreeing approximately with the formula A1 2 (S0 4 ) # .18H 2 0. 

KERAFBTLLZTB. Syn. with Carinthin (i. 804). 

A B. QYRITB or Horn-silver. Native chloride of silver (See Silver). 

XBRA8ITB, Cerasine , or Horn-lead. A native compound of chloride and 
carbonate of lead. (See Lead.) 

XBBATB. Syn. with Kerargyritb. 

E MIM Eg ( Coccus ilicis, Lin.) is an insect found in many parts of Asia, and the 
south of Europe. On account of their figure, theso insects were a long time taken for 
the seeds of the tree on which they live : whence they were called grains of kennes. 
They also bore the name of vermillion. 

To dye spun worsted with kermes, it is first boiled for half an hour in water with bran, 
then for two hours in a fresh bath with one-fifth of Roman alum and one-tonth of tartar, 
to which sour water is commonly added; after which it is taken out, tied up in a linen 
bag, and carried to a cool place, where it is left some days. To obtain a full colour, 
as much kermes as equals three-fourths, orevon tho whole of the weight of the wool, is 
put into a warm bath, and the wool is put in at the first boiling. As cloth is more 
dense than wool, either spun or in the fleece, it requires one-fourth less of the salts in 
the boiling, and of kermes in the bath. 

Tho colour that kermes imparts to wool has much less bloom than the scarlet, mado 
with cochineal ; whence the latter has generally been preferred, since the art of height- 
ening its colour by means of solution of tin lias been known. U. 

XEllMES, MINERAL, Amorphous trisulphide of antimony. (See Antimony, 
Sulphides of, i. 330:) 

XZ1RIMIEBXTS or XERMESOME, lied Antimony. Antimony -blende. Pyran - 
timonite. Pyrostilbite. R<> t h spiessglanzcrz. — A native oxysulphide of antimony, oc- 
curring in monoclinic crystals, cleaving parallel to tho base; usually in tufts of capillary 
crystals, consisting of elongated, slender, six-sided prisms. Hardness = 1 to 1*5. 
Specific gravity <= 4*5 to 4*6. Lustre, adamantine, inclining to metallic. Colour, 
cherry-red. Streak, brownish-red. Feebly translucent. Sectile. Thin leaves slightly 
flexible. Contains 74*46 — 75*66 antimony, 5 29 — 4*27 oxygen, and 20*49 sulphur 
(H. Rose, Fogg. Ann. iii. 453), answering to the formula Sb 2 OS* or Sb*0*.2Sb 8 S\ 
Re fore tho blow-pipe on charcoal, it fuses readily, and is at last entirely volatilised. In 
nitric acid it becomes covered with a white coating. 

This mineral, which results from the alteration of native sulphide of antimony, occurs 
in veins in quartz, accompanying grey and white antimony, at Malaekza near Posing 
in Hungary, at Iiraunsdoflf near Freiberg in Saxony, and at Allemont in Dauphine. 
(Dana, ii. 141.) 

XnStOXiXTB. See Ckrot.itr (i. 836). 

XZSTOXraB. See Acetones (i. 31). 

XRATA. The bark of the Ca'il-cedra ( Khaya Senegal ensis or Swie tenia senegal- 
ensis ), used in Senegal as a remedy against fever, contains a bitter principle, cail- 
oedri n, together with green fat, red and yellow colouring matter, gum, starch, a waxy 
substance, woody fibre, sulphate and phosphate of calcium, ,and chloride of potassium. 
Cail-cedrin, which may be extracted from the concentrated aqueous extract of the 
bark by chloroform, is a resinous mass containing 64*9 £er cent, carbon, 7*6 hydrogen, 
and 27*5 oxygen. (Caventou, J. Pharm. [3] xvi. 365^"^xxiii. 123.) 

KIBDELOPHANE or Axotomous Iron ore . A variety of titaniferoos iron, oc- 
curring sometimes in crystals, but usually massive, or in thin plates or laminae. R : R 
mm 85® 19’. Hardness =** 5 to 5 5. Specific gravity *= 4*661 (Mohs); 4*723 to 4*735. 
(Breithaupt.) 

XirrxxXLL. See Mbbrschauk. 

XIE8ERXTB. A name applied by Reichardt (Arch. Pharm. [2], ciii. 346) to 
a sulphate of magnesium, occurring in the shaft of the Stassfurth salt-mine near 
Magdeburg, and containing, according to his analysis, 21*66 per cent. MgO, 43 05 
SO*, and 34*56 water ( « 99 27), agreeing approximately with the formula 
2MgS0 4 .3H f 0.— Siewert (Zeitschr. f. a. ges. Naturw. xvii. 49) found in a much 
harder opaque specimen (mean) 28*56 MgO, 58*94 SO*, and 13*47 H®0), together with 
ffcom 0*26 to 0*66 of matter insoluble in nitric acid), answering to tho formula 
RMgSOMPO. Similar results were obtained by B. Leopold {ibid. p. 51), who also 
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fannd that the Balt contained' from 0*5 to 1*2 per cent, of an insoluble borate (mo 
Sulpha tbs) ; also previously by Bammelsberg ( Mineralchtmie , p. 264). 

r MtMiiiTH. Geocronite from Kilbricken, Clare County, Ireland. (See 
Gbocbontto, ii. 831.) 

yrr.t.Afl . The Cornish miners' name for clay-slate. 

y H LDflTB . A mineral having the appearance of spodumene, found at Kil- 
liney Bay, near Dublin. According to Mallet, it affords by clcavago a prism of 136°, 
which is very nearly the angle between the diagonal and prismatic cleavages of spo- 
dumene, both of which are perfect. Hardness - 4. Specific gravity - 2*66. Lustre, 
vitreous, weak. Colour, greenish -grey, brownish, or yellowish. It lias been analysed 
by Lehunt, Blythe, Mallet, and Galbraith (Dana, ii. 170; R&mmelsberg’s 
Mintralchemir l p. 837.) 
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FeO 

CaO 
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MnO 
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Li*0 
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0*34 
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0 60 

8 03 « 

98*42 


According to Rnmmelsberg, this mineral, and likewise pinite, gieseckite, gigan* 
iberite, and liebenerite, which are of somewhat similar constitution, are not 
(b tinite compounds, but products of decomposition intermediate between an original 
mineral and mica, which often adheres to and partly penetrates their mass. 

KINIC ACID. Syn. with Quinic Aero. 

jUTStO. This name is applied to four different drugs, bearing considerable rosem- 
bln nee to catechu, and consisting of dry brown lumps or grains, having a mow or less 
stringent taste. Their aqueous extracts form green precipitates with ferric salts. 
The four varieties of kino aro African kino, also called Gum mi (jambinisr, or 
G. Gnmfria, from the Ptrrocarpus eriuncru# (Lam.); Asiatic kino, from Phrotunpu* 
Marsupium ; New Holland kino, from Eucalyptus resinifera (white) ; and American 
kino, from Coccoloba uvifera (L.), 

According to Vauquolin, African kino consists of 75 pts. tannin and peculiar ex- 
tractive matter, 24 pts. red gum, and 1 pt. fibrin. 

Kino is used in medicine as an astringent like catechu. (Ilandw. d. Chem. iv. 362.) 

XINONE. Syn. with Quinonr. 

KINOVOTJ8 ACID. C 24 II w O* (?). An acid obtained, together with several 
other products, from the needles of Pinus sr/lvcstris. (For the mode of preparation, see 
1’ixF-itF.MNS.) It is a white or slightly yellow brittle mass, converted by trituration 
into a strongly electric powder. The silver-salt contains 741 per cent, oxide of silver 
agreeing nearly with tne formula 6Ag-Q.C 24 H**0\ (Kawalier, Wien. Akud. Bcr. 
xi. 347.) 

xnruoira. A name applied by H. Fischer to the mixture of red garnet, mica* 
and a triclinic felspar (oligoclase), which occurs in veins in primitive gneiss rocks, 
t. tf. at Wittichen in the Kinzigthal, Scharzwald, at Auerbach in the Bergstrom**, and 
otlier localities, and is regarded by him as an original formation. (Jahrb. M 14 ., IbOO, 
p. 796; 1801, p, 641.) 

US. A fossil resin, found, with others, on the island of Tschelekiin, in the Caspian 
Sea, and in other neighbouring localities. 

UAVAirXTD. A hydrated silicate of aluminium, calcium, and iron, occurring in 
basalt on the Mourne Mountain on the north-east coast of Ireland, in opaque, ohve- 
green radiating fibres, having a specific gravity <=* 2 941 and hardness » 2. According 
to an analysis by R. D. Thomson, it contains 40 5 per cent, silica, 23*91 ferrous oxide, 
19 78 lime, 11*41 alumina, and 4*35 water ( = 90-95), whence Rammelaberg deduces 
the formula : 2[3(CaO.FeO).2Si0 v ].Al 2 O , .2Si0 2 .2H 3 0 ; it is possible, however, that part 
of the imn may be in the state of ferric oxide. 

The mineral blackens and fuses partially before the blow-pipe, and forms a brown 
glass with soda or borax, 
ttmonnr. Syn. with Lazumtb. 

UWOC&ASS. Syn. with Abichitk. 

UTSMUTB. A mineral of unknown locality, closely related in composition to 
olivin, bat differing from it considerably in its properties. According to Dob ere in era 
*naly«ia (Schw. J. xxi. 49), it contains about 32 fir per cent, silica, 32^0 ferrous oxide, 
*pd 36 0 manganous oxiae, agreeing nearly with the formula (Mn w ; Fe") 2 Si0 4 , or 
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2(MnO ; FoO^SiO*.— It is massive, with an uneven and cellular surface, and quite 
hard. Specific gravity, 3 714. Brittle, with imperfectly concholdal fracture. Colour, 
white to greyish-green, or brown-red and brown. Lustre glistening. 

BOBSLLITS. A mineral found in the cobalt mine of Hvena in Sweden. It 
consists, according to Setterberg’s analysis (Berzelius Jahresber . xx. 215), of 17*86 
sulphur, 9*24 antimony, 27 05 bismnth, 40' 12 lead, 2 96 iron, 0*80 copper, and 1*45 
matrix ( *=99'48), numbers which may be approximately represented by the formula: 

2 | S*J . 3 |s f ], or (Pb u &t> 4 Bi*)S*°, the lead being partly replaced by iron 

and copper. It resembles grey antimony, but has a brighter lustre and radiated struc- 
ture. Specific gravity, 6*29 — 6'32. Soft ; of blackish lead-grey to steel-grey colour, 
with black streak. Dissolves in strong hydrochloric acid, with evolution of sulphydric 
acid. (Dana, ii. 82; Rammelsberg, Mineralchemie, p. 106.) 

XOBarXOXTB. Syn. with Brochantitr (i. 664). 

SOmrura. A fossil resin resembling scheererite, found in brown coal at 
Uznach, at Redwitz in Bavaria, and in the Fichtelgebirge. It contains, according to 

SchrdtteFs analysis (Pogg. Ann. lix. 37), 92'43 per cent. C, and 7*7 1 II, agreeing 

with the formula nCH. It occurs in soft white crystalline folia and grains, of specific 
gravityO‘88; melts at 1 14° (Kraus, Pogg. Ann.xliii. 141), at 1075° (Trommsdor ff, 
Ann. Ch. Pharm. xxi, 126), Very slightly soluble in cold alcohol, more so in hot 
alcohol, still moro in ether. 

XOSllV&Ziarms. A fossil resin from the brown coal of Fassa, in the Egor Valley. 
It occurs in thin plates, consisting of an aggregate of crystalline scales, perfectly 
soluble in alcohol and ether, also in strong sulphuric acid ; partly soluble in ammonia 
and in oil of turpentine. (Kenngott, Miner alogische Untersuchungcn , ii. 111.) 

2LOBTTXOZTZ3. Native arsenate of zinc, Zn M (AsO')*.8H*0, or Zn0JU 2 0\8lF0, 
containing also nickel and cobalt, with a trace of lime. 

A»*0» ZnO CoO NiO H*0 

37-17 30 52 6-91 2'00 23*40 = 100 

according to Naumann, and isomorphous with cobalt- bloom. Massive or in crusts, with 
crystalline surface and fibrous structure. Cleavage perfect in ono direction. Specific 
gravity — 3*1. Hardness = 2 5 — 3. Lustre of fracture-surface, silky. Colour, light 
carmino-red and peach-blossom red, of different shades. Streak, reddish-white. 
Translucent to subtransparent. (Kottig. J. pr. Chera. xlviii. 183; Naumann, ibid. 
256. — Dana, ii. 418.) 

KOKSCHAftOWITEi A crystalline mineral occurring with ultramarine, and 
sometimes intergrown with it. It exhibits two very distinct directions of cleavage, 
inclined at an angle of 124°. Hardness = 6 to 5 6. It is sometimes colourless, with 
a strong lustre, sometimes brown and less lustrous. When heated, it becomes darker 
in colour, and easily melts to a white semitransparent glass (Nordenskiuld 
Jahresber. 1857, p. 681). — A specimen from the Sliidiinka valley, near Lake Baikal, 
was found by R. Herm ann (JanreHber. 1862, p. 726) to contain 45*99 per cent, silica, 
18*20 alumina, 2*40 ferrous oxide, 12*78 lime, 16 45 magnesia, 106 potash, 1*53 soda, 
and 0*60 matter lost by ignition ( = 99 01). Specific gravity *» 2 97. 

XOBXTB. See Palaoonite. 

XOVMISSt A vinous liquid, which the Tartars make by fermenting mare's milk. 
A somewhat similar beverage is prepared in Orkney andJBhetland. 

BOVVBOLXTB. Syn. with Pbeiinite. f 

XBABLXTB. Syn. with Baulitb (i. 620). V* 

X&AMBBXC 2kCX3>« An acid said by Pesehrai (J. Pharm. vi. 34; x. 348) to 
exist in rhatany root ( Krameria triandra). It is crystalline, has a sour and astringent 
taste, and is not volatile. ItB alkaline salts are cry stall! sable, and their solutions 
form a white precipitate with lead-salts, yellow with ferric B$lts. The barium-salt is 
said not to be decomposed by sulphuric acid or soluble sulphates. 

Other chemists who have looked for this acid in rhatany root have not been able to 
find it 

XBAHTZITB. A variety of retinite from the lignite of Latterf, near Bemburg. 
(See Rktintth). 

XBAVBXTI. Syn. with Dufrhnto. 

BBBXTTOB ITU. Syn. with Spinel. 

UtBMlltaiTB. Ruby-coloured octahedral chloride of potassium, from Vesuvius. 
Contains 55*15 per cent chlorine, 16 89 iron, 12*07 potassium, 0*16 sodium, 16‘6t 
ammonia and water. (Kremers, Pogg. Ann. lxxxiv. 79.) 
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XBUVVMUTa. Brochantite, from Kriauvig in Iceland. 

xmOJKOrn. Syn. with Cbocoisitb (ii 109.) 

XirfBAfXXTl. Syn. with Tybolitb. 

XtAXSTSPri. Syn. with Cyaxbthiwb (ii. 188). 

KYAiriTBnrB. Syn. with Cyakethixb (ii. 189). 

XTAV1TI or Cj/anit*. A silicate of aluminium, Al*0*.SiO*, oocturring in triclinic 
prisms, oP. »Pao . oofoo . oo/P . ooF . 2Pao . Crystals usually blftded. Angles oP : ooPoo 
~ 93° 16’ ; ooP : ooPoo - 100° 50' ; oP : oo/P « 98° 58' ; oP : »F - 96° 42' ; : 

a Poo - 106° 16'; ao/P : ooP', = 97° 4'; : <x>/P - 145° 41'; »Poo : »F - 

131° 28’; ooPoo : 2Poo =» 159° 15'. Cleavage perfect parallel to the smoother lateral 
piano; imperfect parallel to the base. Twins, of two kinds, with face of composition 
cc Poo , ana planes ocPoo , meet ing at an angle ; in one kind the planes oP are coin- 
cident, in the other they form a re-entering angle. Also coarse- bladed, columnar ; 
also fibrous. Hardness = 6 to 725. Specific gravity - 3*659; of white kyanite 
3-675; of blue transparent kyanite from the Tyrol, 3*661 (Erdmann). Lustre 
vitreous to pearly. Colour generally pale blue, often deeper along the middle of the 
prisms ; sometimes white or blue, with white margins ; also grey, green, and black. 
Streak uncoloured. Translucent and sometimes transparent. The crystals may often 
be easily scratched on the lateral Burface, while they are very hard at the ex- 
tremities. 

Kyanite remains unaltered when simply heated before the blowpipe; melts to a 
transparent, colourless glass with borax, and gives a deep blue colour with cobalt- 
solution. 

Pure kyanite would contain 37 5 per cent, silica, and 62-5 alumina. The following 
analyses show that it does not deviate much from this composition : 
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36*4 
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34*40 
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J 0-84 
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208 
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• • 

0*19 
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9tF97 
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Kyanite occurs principally in gneiss and mica- slate. Transparent crystals are found 
at St. Goth uni, in Switzerland ; at Greiner and Pfitsch, in the Tyrol : also ia Styria, 
Cari utlua, and Bohemia; at Pont ivy, in Prance; and at Villa Itieu, in South America. 
It occurs also in many localities in the United States : the specimens analysed by 
.Smith and Brush were from Monro County, New York. 

Bamlite (i. 499), from Biirnle, in Norway, and xenolite (q. 0.), have nearly the same 
composition as kyanite. Woerthite, from near St. Petersburg, containing 40‘fl per 
cent. .S;0*, 68 50 APO*, 1*00 MgO anil 4-63 water, and Thomson's hydrobucholzito 
(probably from Sardinia), winch contains 41*35 SiO a , 49*53 Al a O\ 4*86 water and 3 12 
gvj.-ium, are probably hydrous kyanites. Kyanite has also been observed ultcred to tale 
and steatite. (Dana, ii. 266.) 

XYAIVOI. Syn. with Phbntlamtnx. 

IYMATW. Syn. With IIOBKBLENDH. 

KYAPBZvnrs or CYAPHUmiE. (C ,, H , *)"'N , . — A compound polymeric 
with cyanide of phenyl (benzonitrile), C T H 5 N, obtained by heating pulverised cyanato 
of potassium with chloride of benzoyl : 

aCPHKJCi + 3CNKO - C^H^N* + 3KC1 + 3CO*. 

^ *s a hard neutral substance, exhibiting a crystalline fracture ; melts at 224°, and 
distils without alteration at or a little abovo 350°; is soluble in water, slightly soluble 
in alcohol and ether. When heated with caustic potash, it decomposes, with copious 
evolution of ammonia. Sulphuric acid dissolves it, forming an acid whose barium-salt 
js soluble in water. Strong hydrochloric acid does not dissolve it, even at the boiling 
nest. Nitric acid of ordinary strength is also without action upon it; but filming 
mine acid dissolves it, with great rise of temperature, but without evolution of gas ; 

* . . ev »porating Hi® solution or mixing it with water, nearly the whole of the 
r yaphenine is precipitated in the form of a nitro- compound, C^H’^NO’/N*, which 
Tallises in needles. 

r Syn. with HoBJfBtxxPK. 

III. J G G 
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K TOTJBn wo ioxs. (Liebig, Ann. Cb. Pbarm. lxxxvi. 136; eriiu 354.)— 
An acid sometimes deposited from the urine of dogs. From the nttne of » dog which 
had been fed on fat alone, or on fat mixed with a small portion of meat, Liebig obtained 
it by evaporating, adding hydrochloric acid and leaving the liquid to stand for some 
time ; the urine of dogs fed exclusively on lean meat yielded only traces. The deposit 
dissolves in lime-water, and on diluting the solution with water, and adding hydro- 
chloric acid, kynurenic acid is deposited in very slender, colourless needles; from con- 
centrated solutions, as a powder. 

Kynurenic acid reddens litmus ; when heated in a glass tube, it melts to a brown 
liquid, which then sublimes completely, forming a white silky crystalline sublimate, 
and leaving a trace of charcoal. The precipitated acid is insoluble in alcohol and in 
ether; the sublimed acid dissolves in alcohol. It dissolves easily in boiling hydro- 
chloric acid (whereby it is distinguished from uric acid), and in dilute Bulphuric and 
nitric acids (in the latter without perceptible alteration, even on boiling). Cold con- 
centrated sulphuric acid dissolves it without, alteration ; but on heating the solution, it 
turns brown, and, on addition of water, deposits a lemon-yellow, amorphous precipi- 
tate, often mixed with crystals of t he unaltered acid. 

Kynurenic acid is a very weak acid. It dissolves easily in caustic alkalis, and, with 
aid of heat, in alkaline carbonatos, lime-water and baryta-water, neutralising the bases 
and forming crystallisablo salts. The barium-salt forms plumose groups of nacreous 
needles; the calcium-salt , stellate groups of short hard needles. Both salts aro spar- 
ingly soluble in water. 

The acid is precipitated Prom the solution of the barium-salt by carbonic acid. It 
gave by analysis 616 to 619 per cent, carbon, 4 7 to 4*4 hydrogen, and 8*7 to 91 
nitrogen. When heated alone or with lime, it yields a volatile oil, having tho odour 
of bonzonitrile. 

KTPBOLZTfii Syn. with Rf. ii pe n tin f . 

KTROSITB. White iron pyrites from the mine Briccius, near Annabeig. 


L. 


LABDANUM or LADANUM. A resin which exudes in drops from the leaves 
and branches of the Cistns ervtiem and C. cypricus, shrubs growing in Greece and 
Turkey. It is generally black, solid, tenacious, and somewhat moist; softens between 
the fingers, and exhales an odour like that of ambergris. A sample analysed by 
Guibourt ( Ilistoire dts Drogues, iii. 601) contained 86 per cent, resin and volatile oil, 
7 wax, 1 aqueous extract, and 6 earthy matter and hairs. Commercial labdanum is 
often largely adulterated with black sand. According to Johnston, labdanum-resin 
contains 73*2 per cent, carbon and 10 0 hydrogen ; a composition which may be approxi- 
mately represented by the formula C -iM H 30 O* (calc. 76*5 C, 9*4 H, and 16*1 O). 

Labdanum in sticks is prepared in Portugal, Spain, and the South of France, by 
boiling the leaves and branches of Cist us ladaniferus. 

LABRADORITS. Labrador Felspar. Anhydrous Scolecite. Mauilite. Sili - 

cite , Scoltxerose. — A mineral species belonging to tho felspar group, and represented 

(Si')*" | 

by the formula M 3 0.Al 2 0 # .3Si0 , > or (Al*) T ‘ vO 10 , where,]*! denotes calcium and sodium, 

M 2 I / - 

and occasionally also magnesium and potassium. 

Labrudorite occurs in triclinic crystals, in which : oePoo — 86° 32'; oP : oo'V 
« 114° 48'; 00 P 00 : ooP*, = 119° 16'. It forms twins like those of albite (ii. 621). 
Cleavage perfect parallel to oP ; distinct parallel to oc^oo , in which direction also the 
faces are usually striated ; indistinct parallel to OOP*,. Also massive, with distinct 
cleavage. Hardness = 6. Specific gravity *■ 2*67 to 2*76. Lustre of oP pearly, 
passing into vitreous; elsewhere vitreous or subresinous. Colour usually grey* of 
various shades; also greenish, reddish, or yellowish. Some varieties, especially that 
from Labrador, exhibit a beautiful phy of colours when viewed in certain directions : 
this effect is best seen in cut and polished specimena Streak uncoloured. Fracture 
glistening. Translucent in a low degree. Less easily frangible than common 
felspar. 

Before the blowpipe on charcoal it fuses, with less difficulty than orthoclase, to a 
colourless glass. With oxide of nickel and lx>rax it forms a blue bead. Wheu pul- 
verised, it is entirely dissolved by hydrochloric acid, which does not attack either 
orthoclase or albite. 



LABUEklC ACID-J^C. 4*1 

Analyses : 4U From Catnpeie in Scotland, where it occurs inporphyritic greenstone 
fLehn nt, Ed. N *PhiL J. 1832, p. 86). b. From Etna, where it occurs as a constituent 
of lava (▼• Walt ershauaen, Vulcanuke Gesteine, 1863, p. 24). c. From FaroS, 
(Forchhammer, J. pr. Chem. xxx, 386). d. From Labrador fv. Waite rahausen 
loc. dt*)> 4 From Egersund, in Norway ; violet-grey with brilliant play of colours 
(Kersten, Pogg. Ann. lxiii. 123). /. From the hypersthene-rock of Neurode, in 
8ileeia; bluish-grey (v. Bath, Pogg. Ann. xcv. 638). g- From the gabbro of the same 
locality; bluish-white (r. Bath, ibid.). A. From the inelaphyre between Botzon and 
Collman, in the Tyrol; light greyish green. (Delesse, J. pr. Chem. xliii. 447 ; xlv. 
219). i. From the trachydolerite of Guadalonpe (Devi lie, Ramnu Ultcrg' 8 Mineral- 
chemie t p. 608). k. Scolexcrote, from Pargas, Finland (Nordenskiold, Schw. J. xxxi. 
417). L SiliciU , from Antrim, Ireland. (Thomson, Phil Mag, 1843, p, 417.) 
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a. 
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27*89 
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0-52 

4 00 

0*54 
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d. 

63*76 
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0-99 
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» . 

• • 

06 
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If the number of molecules of lime bo supposed to bo throo times us great us that of 
the soda, the above formula, which then becomes | O.Al 2 () s .3Si( F, gives 631 per 

cent. SiO*, 301 A1*0>. 12 8 CaO, and 45 Na 2 0. 

Lubrudorite is more subject to alteration than other felspars; perhaps because it, 
ciiataiuH both potash and soda. Partial decomposition is shown, either by the dimi- 
nished quantity of these bases, or by the cousenuently increased proportion of Milieu. 
The best examples of unaltered labradorite in the preceding table are perhaps r, J\ g, 
h, and i ; k and /, if the analyses are correct, afford decided indications of decomposi- 
tion. For numerous analyses of labradorite, and of felspars allied to it, see Rantmtfs- 
in rtf' 8 Mi n c r alchemic % pp, 697 — 603. 

Librndurite is a constituent of some lavas, as those of Etna and Vesuvius ; of nmny 
porphyries, as the oriental verd antique of Greece; of dole rite ; of certain hornblende- 
r> 'ckn. granites, and syenites ; of some porphyritic greenstones, as at Campsio in Beot- 
ia ml ; of melaphyres, as in the Tyrol, On tho coast of Labrador, whenco it was 
originally brought, it is associated with hornblende, hypersthene, and magnetic iron 
ore. (Dana, it. 238.) 

^Ajlimwzo ACIB. An acid said to be contained, together with cytisine (it 311) 
and two neutral bitter principles, in the seeds, bark, and other parts of Cyttius 
lAihumum* (T. Scott Gray, Arch. Pharra. [3] xlii. 160.) 

X*AC is a substance well known in Europe under the different appellations of stick- 
lac, shell-luc, and seed-lac. Tho first is the lac in its natural state, encrusting small 
branches or twigs. Seed-lac is the stick- lac separated from the twigs, appearing in a 
granulated form, and probably deprived of part of its colouring mutter by boiling. 
Bhcll-lac is the Bubstance which has undergone a simple purification, as mentioned 
below. Beside these we sometimes meet with a fourth, called lump-lac, which is tho 
seed-lac melted and formed into cakes. 

Lac is the product of the Coocus lacca, which deposits its eggs on the branches of a 
tree called Bihar, in Assam, and other parts of India. It appears designed to answer 
the purpose of defending the eggs from injury, and affording food for the maggot in a 
more advanced state. It is formed into cells, finished with as much art and regularity 
»• a honeycomb, but differently arranged ; and the inhabitants collect it twice s year, 
in the months of February and August. For purification, it is broken into small pieces, 
*od put into a canvas bag of about four feet long, and not above six inches in circum* 
£rence. fwo G f theee bags are in constant use, each of them being held by two men; 
The bag is placed over a fire, and frequently turned, till the lac is liquid enough to 
P*** through its pores; then taken off the fire, twisted in different directions, and at 
the same time dragged’ along the convex part of a plantain tree prepared for this pur- 
P®*s 5 and while tin is being done, the other bag is being heated, to be afterwards 

oo2 
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treated in the same way. The mucilaginous and smooth surface of the plantain tree 
prevents it from adhering ; and the degree of pressure regulates the thickness of the 
coating of lac, at the same time that the fineness of the bag determines its clearness 
and transparency. 

Stick-lac contains in 100 parts, resin 68, colouring extract 10, wax 8, gluten 5-5 
extraneous substances 6*5 ; seed-lac contains resin 88*5, colouring extract 2*6, wax 4*5* 
gluten 2) shell-lac contains resin 90*9, colouring extract 0*6, wax 4, nitrogenous matte* 
2*8. (Hatchett.) 

In India, lac is fashioned into rings, beads, and other trinkets ; sealing-wax, var- 
nishes, and lakes for painters, are mads from it ; it is much used as a red dye, and the 
resinous part, melted and mixed with about thrice its weight of finely-powdered sand 
forms polishing stones. Lapidaries mix powder of corundum with it in a similar manner 

The colouring matter is soluble in water; but 1 pt. of borax to 6 of lac renders the 
whole soluble by digestion in water, nearly at a boiling heat. This solution is equal 
for many purposes, to spirit varnish, and is an excellent vehicle for water-colours, a a, 
when once dried, water has no effect upon it. Aqueous potash, soda, and carbonate of 
soda, likewise dissolve it ; so does nitnc acid, if digested with it in sufficient quantity 
for 48 hours. J 


The colouring matter of lac loses much of its beauty by keeping ; but when freshly 
extracted, and precipitated as a lake, it is less liable to injury. Mr. Stephens, a sur- 
geon in Bengal, sent home a large quantity precipitated in this way with alum ; it 
afforded a good scarlet to cloth previously yellowed with quercitron. 

Lac is the basis of the best sealing-wax, A good composition for red sealing-wax is 
48 pts. of shellac, 12 oil of turpentine, 1 Peru balsam, and 36 Vermillion. U. 

ItAC-BTE. A product obtained from lac, and used for producing a red dye, espe- 
cially on wool. To obtain it, stick-lac freed from remains of stalks is pulverised and 
exhausted with w*arm water; and the colouring matter left on evaporating the solution 
is made into square cakes, and sent into the market as lac- dye. The residue yields 
seed -lac ( Lac in gram's), which is worked up into shell-lac. The proximate consti- 
tution of lac-dye is not exactly known ; it contains, however, a considerable quantity 
of resin, and a red colouring matter, derived from the insects {Coccus laccte), which may 
be partly extracted by water, more completely by acids, especially sulphuric or hydro- 
chloric acid. The following processes are adopted for rendering the dye fit for use : 

1. A mixture of 4 pts. lac with strong sulphuric acid is allowed to stand for 24 hours 
in summer and 48 in winter; then diluted and stirred with 3£ pts. of water, and again 
left to clarify. The clear liquid is poured into an iron pot, and mixed with the wash- 
water of the previous residue; the solution is mixed with a quantity of lime sufficient 
to neutralise J of the sulphuric acid, and the precipitate of gypsum is removed: the liquid 
is then ready for use. This is the mode of preparation chiefly adopted in this country. 

2. Thirty-two pts. of lac-dye are triturated with 10 to 12 pts. of sulphuric acid of 
specific gravity 1*85, or hydrochloric acid of specific gravity 1*13, each diluted with 
three times its weight of water. The mixture is left to itself for 48 hours in winter, or 
24 in summer, and then mixed with the requisite quantity of river-water. 

' 3.^ Thirty-two pts. of lac-dye are triturated with 12 pts. of hydrochloric acid of 

specific gravity 1*148, diluted with an equal weight of water; the mixture ia left for 
24 hours and frequently stirred, and then diluted with water. 

To dye with the colour thus prepared, each pound is mixed with three-quarters of a 
pint of so-called lac-spirit, a solution of stannous chloride prepared by dissolving one 
pound of tin in 20 pounds of fuming hydrochloric acid, the mixture being left to itself 
for six hours before use. (Handw, d. Chem. iv, 748.* See also Ur€s Dictionary of 
Art*,#', ii- 628.) cm , 

KAOTAMSTHAV1. Etkyl-lactamide , C 5 I§iN0 3 - (C*H 4 0)\ . (Wurt*, 

■ - H a }N 

Ann. Ch. Phys. [3] lix. 176.) — This compound is formed when diethylic lactate is treated 
with aqueous ammonia, and the mixture is left to stand for one or two days ; or when 
an alcoholic solution of the ether is saturated with ammonia and heated in a close 
vessel. The former process is, according to Wurta, to be preferred. After expelling 
the excess of ammonia and water by evaporation in the water-bath, the lactamethane 
remains as a liquid, which solidifies on cooling to a beautiful crystalline mass, formed 
of broad, brilliant plates, slightly greasy to the touch. These crystals are soluble i® 
water, alcohol, and ether ; they melt at 62° or 63° to a colourless liquid, and boil at 
219° under a barometric pressure of 761 mm., distilling without alteration." 

The formation of lactamethane may be represented by the equation 
CHI* i 0 CHI* l) 

<chpoW + nip - (CHPor; + c*h*o. 

CHP Jo H* }N „ 

Diethylic lactate. Ijkctamethaae. Alcohol. 
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♦ NH 1 . 

G.O.F. 

It is also produced by the 


433 

By ebullition with potash, it is decomposed into ammonia and ethyl-lactate of potassium ; 

C*H‘ }o C*H‘ } 0 

(C*H 4 0)**f + KHO - (OTK)r: 

V H* }N K }0 

Lcctumethaue. Ethyl-lactate of 

poUtslum. 

LAOTAMXO AOZ2>. Syn. with Aulninx (i. 63). 
action of very strong solution of ammonia on chloropropionate o/ ethyl at 100®. 
(Kolbe, Ann. Ch. Pharm. sxiii. 220.) 

H * Jn 

Lactamate of ammonium (so called), C'H'WO 4 «■ (Q*xj<oy'}0* — by 

H 4 N }0 

the action of ammonia-gas on lactic anhydride (Dit.actic acid, p. 461) (Polouze); 
or by saturating a solution of lactic anhydride in absolute alcohol with dry ammonia, 
and evaporating the solution. Tabular crystals, very easily soluble in water and 
alcohol. On adding dichloride of platinum to the solution, freed by boiling from excess 
of ammonia, only part of the nitrogen is precipitated as chloroplatinate of ammonium ; 
but after boiling the filtrate for an hour, it gives a further precipitate with dichlorido 
of platinum — a proof that part only of the nitrogen exists in the form of ammonium- 
salt. (Laurent, Compt. cnim. 1846, p. 151.) G. C. F. 

H }o 

LAOTAXOIDB. C*H 7 NO j = (C 3 H 4 0)" (Isomeric with alanine or lac- 

H 2 }N 

H* l N 

tamic acid (i. 63), C s H T NO a >=* (C*IPO)"| .) — Obtained — 1. By tho action of am- 
monia gas on lactide (Pelouzo ; W urtz and Friedel, Ann. Ch. PhyB. [3] lxiii. 108). 
— 2. By the action of an alcoholic solution of ammonia on lactide (Wurtz and Frio- 
del, loc. cit.). — 3. By sat uniting monethylic lactate with ammonia and leaving the 
liquid to stand. (Briining, Ann. Ch. Pharm. civ. 107.) 

It forms small prisms, which dissolve easily in water and alcohol , but do not com- 
bine either with acids or bases. It is decomposed, by boiling with alkalis or acids, 
into ammonia and lactic acid. 

The above formula represents loctamide as derived from the double molecule jjijj j 

by the substitution of the radicle C a IPO for H a . The substances described under. the 
minus luctamctbane (p.452), and lactcthylamide (md. inf ), are ethylised deri- 
vatives of luctamide ; the former by the substitution of C 2 H* for the hydrogen-atom of 
t he water-residue contained in lactamidc, the latter by the substitution of C*H* for one 
of t lie hydrogen atoms of the ammonia-residue. These relations are expressed in tho 
rational forma he by which lactamothunc, lactcthylamide, and lactamide are respectively 
represented at the places referred to. G. C. P. 

H }o 

LACTETHtLAMIDt CMP'NO* - (C*H 4 0)"{ . 

C*H\H}N 

thane (Wurtz and Friedel, Ann. Ch. Phys. [3] lxiii. 110). Formed by tho action 
«4' ethylamine on lact ide. When these two substances are brought together, the ethyl- 
amine immediately begins to boil. If the operation is performed in a close vessel, and 
with anhydrous materials, the whole solidifies to a crystalline mass. This product, 
when purified by one crystallisation from alcohol, melts at 48°, and may be cooled to 
NH without freezing; but as soon as crystallisation has commenced, tho thermometer 
rises to 46*6°. Lactcthylamide distils without alteration at 260°. Its formation is 
represented by the equation 

C^H’O 2 -i- C*H T N - C*H"NO*. 

Lactide. EtbyUmlnc. LaetetbyUunlde. 

Alkalis decompose it into ethylamine and alkaline lactate. 

H l 0 H ,}0 

(C«IT«0)'!° + KHO - (OTPOr; 4- 

CTP.H }N K }0 

L*ct4 thyl«n We. Lactate of poUsriun. 


Isomeric with lactame- 


C*H*.H*N. 


KthjrUmlne: 

G. 0. P. 


lactic Aon>. 


Milcksaurc, C*H*0* - ( c 'H‘p) | 0 , (0m . x j. 472).— Thi« 

... . - . * . « 11 


arid was discovered by Schcele in sour milk, and first recognised as a peculiar a«d 
”7 Berzelius. Braconnot found in the wash-liquor of the preparation of wheat- 
•tarch, in the fermented |Bce of mangold-worzcl, and other fermented vegetable extracts, 
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an acid which he designated nanceic acid, but which was afterwards shown to be identi- 
cal with the acid of sour milk. Berzelius demonstrated the presence of the same or an 
isomeric acid in the juice of the flesh of animals recently, killed — & result which was 
confirmed by Liebig in his classical investigation of flesh-juice (see Sarcolactic acid, 
p. 467). More recently, the chemical relations of lactic acid have been investigated by 
Strecker (Ann. Ch. Pharm. lxxxi. 247; xci. 352), Wurtz (Ann. Ch. Phys. [3] lix. 
161), Wurtz and Fricdel (ibid, lxiii. 101), and Kolbe (Chem. Soc. Qu. J. xii. 15) ; 
and the lactates have been chiefly studied by Pelouze (Ann. Ch. Phys. [3] xiii. 257), 
and by Engelhardt and Maddrell (Ann. Ch. Pharm. lxii. 83; Lxx. 241). 

Formation. — 1. By a peculiar fermentation, the lactic acid fermentation, of various 
kinds of sugar, and of dextrin : this fermentation precedes the butyric acid fermenta- 
tion. ' As all the substances of the sugar tribe have the same proportional composition 
as lactic acid, with a few atoms of water more or less, the transformation is easily 
explained : thus, with milk-sugar : 

OTHTO 1 ® + 2H*0 = 4C 1 H a 0 1 

Milk-sugar. Lactic acid. 

The lactic fermentation requires a temperature between 20° and 40° C., and the pre- 
sence of water and of certain ferments, viz., albuminoidal substances in a peculiar state 
of decomposition, such as casein, gluten, or animal membranes, particularly the coating 
of the stomach of the calf (rennet), or dog, and bladder. 

2. Tritylglycol, in presence of platinum-black, is converted into lactic acid by the 
oxygen of the air (W urtz) : 

cm*o* + O 2 - OTTO* + IPO 

Tritylglycol. Lactic acid. 

3. Ohloropropionic acid yields chloride of silver and lactic acid, when it is heated 
with water and oxide of silver. (W urtz, Ann. Ch. Phys. [3] lix. 165): 

OTFClAgO* + IPO OTTO* + AgCl 

Cliloroprojilonnte of Lactic acid, 

iilver. 

Similarly, bromopropionie acid yields lactic acid and bromide of silver, when treated 
with oxide of silver in presence of water (Fricdel and Machuca, Ann. Ch. Pharm. 
ex x. 286). Jodopropionic acid (formed by the action of iodide of phosphorus on 
glyceric acid) appears to yield a peculiar modification of lactic acid when treated us 
above. (Ueilstcin, ibid. p. 234.) 

4. By the action of nitrous acid upon alanine; as when tho vapours evolved from a 
mixture of starch and nitric acid, ufter being passed through a cold vessel which stops 
any umlecomposed nitric acid, are conducted into aqueous alanine ; tho action is 
attended with copious evolution of nitrogen: 

CTPNO 2 + NO’II - OTTO* + IPO + N 2 

Alanine. Nitron* arid. Lactic acid. 

5. Pvruvic (pyroracemic) acid, treated in aqueous solution with sodium- amalgam 
(Wisllce nus, Ann. Ch. Pharm. exxvi. 227), or with zinc in presence of dilute ucetic 
acid (Debus, Cliem. Soc. J. xvi. 260), is converted into a salt of lactic acid: 

OTPO* + IP = OTPO 5 

Pyruvic acid. Lactic acid. 

0. When liydroxycyanidc of ethylene, ^ ^ j (Stained from hydroxychlo- 

rido of ethylene by double decomposition with cyanido of potassium), is tailed wi lt 
aqueous ulkalis, it is resolved into ammonia and (sn^bo-) lactic acid. (Wislicenus, 
Ann. Ch. Pharm. cxxviii. 6) : 

OTPNO + 2IP0 * C*H"O s + H’N 

Hydroxycyaiilde Lactic acid. 

of ethylene. 

Ethyloxyeyanide of ethylidene, |q N (obtained by digesting ethyloxychlo- 

ride of ethylidene [ii. 600] with cyanide of potassium in a sealed tube), yields ordinary 
lactic acid, and a small quantity of ethyl-lactic acid, when similarly treated. (Wisli- 
cenus, ap. cit . p. 14.) 

7. Oxychloride of carbon combines directly with ethylene, forming chloride of lactyl : 
-COCP + Cm 4 = C S H 'OCI 2 , 

whence lactic acid can be obtained by well-known processes. (Li ppm an n, Ann. Ch. 
Pharm. cxxix. 81 ; Ann. Ch. Phys. [4] i. 485.) , 

Preparation*— a. From various kinds of Sugar . — 1. An aqueous solution of lOO pw. 
of grape-sugar (cane- or milk-sugar), exhibiting the density of 8° to 10° Bin., is miwd 
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mth 8 op 10 pts. of fresh sour cheese, as purchased in the market, or 100 pts. of sugar 
arf , dissolved m 100 to 150 pts. of milk, and such a quautity of water that the liquid 
exhibits a density of 10° Bm. ; and either of these mixtures is placed, together with 50 
pts. of chalk, in anopen vessel, and exposed to the sun for several weeks, with frequent 
agitation, till the resulting lactate of calcium begins to change into butyrate (Pol on re 
and Gel is). As lactate of calcium is much less soluble than butyrate, the conversion of 
tho former into the latter may be recognised, when strong solutions of sugar are used, 
by the diminution of the crystalline mass produced at first. If the process be too soon 
interrupted, a large quantity of sugar remains unaltered. 

2. Six pounds of cane-sugar and half an ounce of tartaric acid (which serves to 
convert the cane-sugar into glucose) are dissolved in 26 pounds of boiling water; 
3 pounds of levigated chalk added after two days, together with 4 ounces of stinking 
hand-cheese, suspended in 8 pounds of sour milk (decaying cheese favours the produc- 
tion of lactic acid and retards its conversion into butyric acid) ; the mixture set aside 
at a temperature between 30° and 36°, and well stirred every day till, in the course of 
six or eight days, it is converted into a stiff paste of lactate of calcium ; this paste is boiled 
for an hour with half an ounce of quicklime and 20 pounds of water; the solution 
strained through a cloth filter and evaporated to n syrup ; tlu* crystalline mass which 
forms in four days, pressed, first by itself, then three or four times, after having been 
each timo stirred up, with ^ pt. of cold water; and the lactate of calcium thus purified 
is dissolved in twice its weight of boiling water. To the solut ion of every 32 pts. of 
the calcium-salt, there is then added a mixture of 7 pts. oil of vitriol and 7 pts. water ; 
the lactic acid, while still hot, is strained through linen to separate it from sulphate of 
lime; the filtrate obtained from 7 pts. of oil of vitriol is boiled with 1 ” pts. carbonate of 
zinc for a quarter of an hour (by longer boiling a very sparingly soluble basic salt is 
formed) ; the liquid is filtered boiling hot ; the colourless crystalline grains of lactate of 
zinc which separate on cooling, arc freed from sulphuric acid by washing with cold water ; 
and additional quantities of crystalline grains are obtained by evaporating the mother- 
liquor, almost to the end. Lastly, 1 pt. of the zinc-salt is dissolved in 7^ |>t m. of boil- 
ing water; sulphuretted hydrogen passed through the solution as long as sulphide of 
zinc is precipitated; and the filtrate boiled and evaporated on the watrr-bath to a 
syrup, whereupon 8 pts. of the zinc- salt yield 5 pts. of syrupy lactic acid (Hen sc h, 
Ann. Ch. Pharm. lxi. 174). By this process, 100 pts. of cane-sugar yield 117 pts. of 
lactate of calcium, which, if the sugar was white, is colourless, and does not require to 
be purified by pressure. If the carbonate of zinc contains lime nnd magnesia, these 
bases pass over to the lactic acid, which, after bein^ evaporated to a syrup, must bo 
dissolved in ether, and separated from the lactates ot calcium and magnesium by filtra- 
tion and evaporation. The calcium-salt may, however, without first preparing tho 
zinc-salt from it, be freed by repeated crystallisation from a nitrogenous substance 
which obstinately adhercH to it ; its solution in the smallest possible quantity of water, 
mixed with a quantity of jam' sulphuric acid not quite sufficient to decompose it ; the 
mixture heuteu with alcohol till the sulphate of calcium is completely separated ; tho 
filtrate evaporated to a syrup; the syrup dissolved in ether; and tho ethereal solution 
filtered and evaporated. (Engelhardt and Muddrell.) 

Lautomann (Ann. Ch. Pharm. cxiii. 212) recommends the following modification 
of Hensch’s process of preparation : — Retaining the proportions of sugar, tartaric acid, 
milk, and cheese indicated by the latter, lie takes one-third more water, uses 1,200 
grins, oxide of zinc (commercial zinc-white) instead of levigated chalk, and keeps the 
temperature as constantly as possible between 40° and 45° during the fermentation. 
After eight or ten days, the inside of the vessel is lined with white crystals of lactate of 
zinc, which can be obtained pure by one or two crystallisations from boiling water. 
The lactic acid prepared from the zinc-salt generally contains mannite, which does not 
completely crystallise out from the concentrated acid. To separate this, the aqueous 
•yid is shaken up with ether, and then the ethereal layer is pipetted off and evaporated: 
it then leaves pure lactic acid. t 1 

3. The solution of 300 grms. of milk-sugar in 4 litres of milk is placed in the open air 
at a temperature of 25° to 30 J , and neutralised with acid carbonate of sodium as ofUn 
as it becomes sour, perhaps every two davs ; boiled when it no longer turns acid ; fl’- 
t f, red from the curd ; carefully evaporated to a syrup; and the syrup dissolved in mode- 
ratojy warm alcohol of 38° Bm. By treating this filtered alcoholic solution of lactate 
of sodium with sulphuric acid to precipitate the sodium, and saturating the filtered 
lactic- with chalk, crystallised lactate of calcium is obtained, and may lie purified 
»y further treatment. (Boutron and Fremy, J. Pharm. xxvii. 341.) 

F r 'jm milk whirh has turned aour. — 1. .School* evajiorat<*s sour whey to J; filters 
tho liquid from the curd; precipitates the phosphoric acid from it. with lime; a filters; 
dilutes with 3 pts. water ; precipitates the lime by careful addition of oxalic acid ; 
“hers ; evaporates to the consistence of honey ; extracts the lactic acid with alcohol ; 
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&\m •, dilutes with water, and evaporates- Berzelius digests the add the u ■ 
with carbonate of lead; 6hers; precipitates the dissolved lead with 
Biters, sad evaporates. -2.The filtered solution of sow- whev evaporated nearly , 0 Z 
ness, in strong alcohol, is mixed with alcoholic _ tartaric acid, as long as any precipj[ H ( a 
of tartrate of potassium, sodium, and calcium is formed; the liquid decanted after 24 
hours, and evaporated ; the residue dissolved in water; the solution digested with car- 
bon ate of lead, till lead dissolves in it the filtrate evaporated, neutralised with carbo- 
nate of barium, again filtered, and diluted with water ; the whole of the barium 
precipitated with sulphate of zinc ; and the filtrate evaporated till lactate of zinc 
crystallises out (Berzelius, Lehrb. Ausg. 5, v. 241. For the earlier methods of 
Berzelius, see Pogg. Ann. xix. 20). W. Engelhardt (Zeitschr. Chem. Pharm. 1861, 
p. 643) gives the following process for the preparation of lactate of zinc, from which lie 


p. 643) gives the following process for the preparation of lactate of zinc, from which lie 
then obtains lactic acid by decomposing the hot solution of the zinc-salt with sulphydric 
acid, filtering and evaporating. Sour whey, to which ^ of its weight of powdered 
milk-sugar has been added, is exposed to the proper temperature for the lactous fer- 
mentation, and everyone or two days the free acid is neutralised with crushed carbonate 
of sodium taken from a previously weighed quantity. When at last the acid reaction 
. does not reappear after two or three days, the liquid is heated to boiling, and sulphuric 
acid is added, drop by drop, so as to produce a distinct acid reaction. A quantity of 
sulphate of zinc equal in weight to the carbonate of sodium used is then dissolved in 
twice its own weight of water, and mixed with the other boiling liquid ; the cheesy 
portions which immediately separate at the surface are removed by filtration through 
flannel-bag and the clear liquid is set aside to crystallise. After a day or two, tho 
crystalline deposit of lactate of zinc may be removed and washed with cold water. 
The quantity remaining in the mother-liquor is insignificant. (For Cap and 0. Henry’s 
process, see J. Pharm. xxv. 138 ; also Ann. Ch. Pharm. xxx. 106.) 

Properties . — Lactic acid is a colourless liquid of syrupy consistence, and specific 
gravity 1215 at 20*6° C. It is inodorous, but has an intensely sour taste. It absorbs 
moisture from the air; dissolves in all proportions in water and alcohol, somewhat less 


freely in ether. It does not solidify at — 24° C. 

Decompositions. - 1. Dry distillation. The acid, when very gradually heated, becomes 
less viscid ; gives off at 13*0°, slowly and without evolution of gas, colourless water, toge- 
ther with a small quantity of lactic acid, and leaves a pale yellow, solid, easily fusible, 
extremely bitter residue of lactic anhydride (dilaetic acid), 0“H ,0 O 4 — 2C*H - O a — IPO. 
This residue remains unaltered up to 260°, but from 260° to 300°, at which tempera- 
ture the decomposition is complete, gives off carbonic oxido gas, mixed at first with 
4 or 6, and at last with 60 per cent, of its volume of carbonic anhydride (altogether a 
quantity of gas amounting to 33T per cent, of the lactic anhydride), and yields a 
distillate amounting to 90 per cent, of the anhydride, and consisting of lactide, 
C e H M 0**»2C !, H•0 , — 2IPO (p. 461), which crystallises out on cooling and likewise 
sublimes, of lactone, (p 464), with small quantities of acetone, and an odoriferous oil 
insoluble in water, whilst a quantity of difficultly combustible charcoal remains, 
amounting to 69 per cent, of the anhydride (Pelouze). The anhydride, which 
remains undecornposed after heating to 240°, gives off, when kept for some time 
between 250° and 2G0°, carbonic oxide mixed with 3 or 4 per cent, ot its bulk of 
carbonic anhydrido (without any carburetted hydrogen) ; yields a yellowish distillate, 
which deposits crystals of lactide, and contains, in addition to the lactide (amounting 
to 14‘9 per cent, of tho anhydride), nothing but ordinary lactic acid, citraconic acid, 
aldehyde (amounting to 12-2 per cent, of the anhydride), but neither acetone nor 
lactone ; and loaves 1 or 2 per cent, of Bhining, easily combustible charcoal. The 
aldehyde and the citraconic acid [?] are perhaps merely products of decomjxisi- 
tion of the lactide, C*H®0* *= 2U*H , 0 + 2CO. Tho dklinary lactic acid is formed from 


a portion of the anhydride by addition of the water s«*freo by the conversion of the re- 
mainder into lactide. If the anhydrido be distilled at 300° instead of 260°, less lactic 
acid and lactide are obtained, and more aldehyde (Engelhardt). Lactic acid, when 
heated, gives off pungent vapours which excite coughing, and yields abrown empyreumatic 
oil, together with an acid liquid, the acid of which is neither lactic nor acetic acid, but 
forms a viscid uncrystallisable salt with oxide of zinc (Bra con not, Ann. Ch. Phys. 1.376). 
It yields a watery distillate continually becoming more acid, the first portion of which, 
however, assumes a syrupy consistence when evaporated in vacuo , and if then gently 
heated in contact with the air, deposits crystals of lactide ; it afterwards yields an oil 
and then a buttery mass, which solidifies in the neck of the retort, and when exhausted 
with cold ether, leaves scales and ultimately rhombic larainse. Lastly, there remains a 
shining, tumefied charcoal. The acid which remains after partial distillation likewise 
contains a certain quantity of lactide ; and on boiling this acid with ether and cooling 
the liquid, the lactide crystallises out (Corriol). By continued beating to between 
180 ° and 200 * 1 , the acid is much more quickly converted into the anhydride, and yield* 
a much more copious distillate of the unaltered acid, than between 180° and H0°; 
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tad if ® platinum wire be immersed in the liquid, the lactic acid may be distilled over 
mite unaltered, and with regular ebullition (Engel hard t). If the lactic acid con* 
tains a small quantity of sulphuric acid, it yields only carbonic oxide gas, no carbonic 
anhydride (Pel o use). If it contains the smallest quantity of impurity, albumen for 
example, it does not yield any sublimate of luctide (Gay-Lussac and Pe louse). 
Lactic acid, heated slowly in contact with the air, boils gently, emitting a suffocating 
odour, swells up, blackens, and leaves a spongy charcoal. (Berzelius.) 

2. Lactic acid (or ferrous lactate), mixed with a sixfold quantity of oil of vitriol, 
and gently heated, froths up briskly, acquires a dark-brown colour ; gives off about 4 
of its weight of pure carbonic oxide gas ; and at a higher temperature, yields about } of 
its weight of a humus-like substance. (P e 1 o u z e.) 

3. Boiling nitric act’d converts lactic into oxalic acid. (Jules Gay-Lussao and 
Pelouze.) 

4. Lactic acid and its salts, distilled with small quantities of common salt , peroxide 
of manganese, sulphuric acid , and water, yield chiefly aldehyde; with larger quantities, 
principally chloral. (St adder, Ann. Ch. Eh arm. lxix. 332.) 

6. With aqueous alkaline hgpochloriU s, or chlorous acid, lactic acid is converted, first 
into oxalicacid, then, with effervescence, into carbonic anhydride. (Cap and Henry.) 

6. When treated with pi -ro xide of barium or of lead, it is converted chiefly into oxalic 
acid. (Cap and Henry.) 

7. Distilled with dilute sulphuric acid and peroxide of manganese or peroxide of lead, 
it yields n large quantity of aldehyde, together with carbonic anhydride. (Liebig.) 

8. Lactate of calcium distilled with pentachloride of phosphorus , yields chloride of 
hictyl (C i H 4 0)"A)r i ; 

-£0 j °7 + p C1 a „ CHPOCl” + rci*o + 11*0. 

9. II g dr iodic acid, or a mixture of di-iodido of phosphorus with a small quantity of 
water, reduces lactic acid to propionic acid: 

C*II*O s + 2H* - C*II*0* + IPO. 

Lactic acid. Propionic 

acid. 

(Lantemnnn, Ann. Ch. Pharm. cxiii. 217.) 

10. The action of fuming sulphuric acid upon lactic acid or lactate of calcium pro- 
duecs di-Bulphometholic acid. (Strecker, Ann. Ch. Plmrm. cxviii. 201.) 

Barcolactlc or Paralactic Add. In 1806, Berzelius discovered an acid in 
miiNcular flesh which lie believed to be identical with the lactic acid prepared from 
milk. In 1847, Liebig (Ann. Ch. Pharm. lxii. 278 and 326) showed that this acid, 
though similar to the acid of sour milk in composition and in many other respects, 
nevertheless exhibited distinct differences from it in some of its salts. He therefore 
distinguished it by the name Sarcolaetic acid ( Fleischmilchsaure ), in place of 
which Paralactic acid was proposed by Hointz (Pogg. Ann. lxxv. 391). In 1838, it 
was found by Strecker (Ann. Ch. Pharm. cv. 313) that, by heating paralactic acid for a 
long time to 130° or 140° and dissolving the resulting lactic anhydride in water, this 
acid may be transformed into ordinary lactic acid. 

Preparation . — Chopped flesh is exhausted with cold water or dilute alcohol ; the in- 
fusion is mixed with baryta-water; the albumin is coagulated by boiling, and removed 
by filtration; and the clear liquid is concentrated by evaporation Sulphuric acid is 
added to the syrupy residue, and it is shaken with ether, which then leaves puralue- 
t io acid when evajx>rated. 

The difference between sarcolactic and ordinary lactic acids is most distinctly marked 
in their calcium- and zinc-salts (see below', Lactate of calcium and Lactate of 
*i uc) : the acids themselves are hardly to be distinguished. 

Ttaebolaotte aeML This is another modification of lactic acid found, by T. and 

II. Smith, of Edinburgh, in the mother-liquors of t ho preparation of morphine. Some 
of its salts are said to differ in certain respects from ordinary lactic acid (sec Tkkho- 
lactic acid). 

laotatsf. The best known salts of lactic add are of the form C , H*MO’ : there 
*re also acid salts containing C , H*M0*.C , JI*0\ and double salts, CTPM 0\C*H‘>TO\ 
The existence of these acid and double salts led Gerhardt and other chemists to 
double the formula of lactic acid, making it and regarding the neutral salts as 

0*Ji*M*0\ and the acid salts as C•H"M0 , . But the relations between lactic and pro- 
p’onic acids have induced chemists in general to return to the lower formula of lactic 
■fid, and to regard the acid lactates as constituted like the scid acetate of potassium 
(>• 17). Moreover, Wurtz’s discovery of the diethylic lactate would render it necessary 

regard the acid with the higher formula as tetrabasie, for which there is no warrant. 

The crystalline lactates do not effloresce oil exposure to the air, but give off water 
in vacuo, and the whole of it at 100°, excepting the acid nickel salt which retains it till 
heated to 130°. They sustain a heat of 130° to 17U° without decomposition; the 
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zinc -salt may be heated even to 200°. They are for the most part sparingly soluble in 
cold water, and effloresce rapidly from their solutions : they sure all insoluble in ether. 

Laotatb OF Ammonium.— Obtained by neutralising the acid with ammonia. Forms 
prismatic crystals which deliquesce and give off ammonia when exposed to the air. 

Lactate of Antimony. — Oxide of antimony dissolves in lactic acid or in acid 
lactate of potassium, but does not form a crystalline salt. 

Lactate of Barium. — The neutral salt is uncrystallisable and very soluble in 
water. The acid salt, Ba'(C*H 5 0 s ) 3 .2C s H 8 0*, is obtained by adding to a solution of the 
neutral salt a quantity of lactic acid equal to that which it already contains. It is 
then deposited in crystals which may be purified by washing with alcohol. It is not 
altered by exposure to the air or in vacuo. It dissolves easily in water. Gives off an 
aromatic odour at 1 00°. 

Lactate of Bismuth. — Only two basic salts are known : a. 2Bi"'(C 3 H 4 0*)*.Bi 2 0*. 
This salt is obtained in needles by treating hydrate or carbonate of bismuth with 
lactic acid, and evaporating. A better mode of preparing it is to mix the concentrated 
solutions of nitrate of bismuth and lactateof sodium — the latter in slight excoss, whereby 
a crystalline pulp is precipitated consisting of lactate of bismuth mixed with nitre. 
Oh redissolving this in a small quantity of water, and leaving the solution at rest, the 
lactate of bismuth is deposited in crystalline crusts. 

0. Bi w (C*II # 0*) , .2Bi a 0 B . — By proceeding in the manner just described, but with 
boiling solutions, or by adding nitrate of bismuth drop by drop to a solution of lactate 
of sodium, the salt 0 is precipitated as a powder unalterable in boiling water. It 
appears also to be produced by the solution of a. 

Lactate of Cadmium, Cd w (C , H 5 O a )*. — Obtained in small needles by dissolving 
carbonate of cadmium in the acid. When deposited from a boiling solution, it is 
anhydrous. Insoluble in alcohol. 

Lactates of Calcium. — The neutral acetate , Ca"(C 3 II 3 0 3 ) 3 .4H 3 0 and CV*(C 3 H A 0 3 ) 3 . 
611*0, is obtained by saturating a boiling solution of lactic acid with carbonate of 
calcium, and evaporating the filtered liquid. It is also produced abundantly when a 
solution of sugar mixed with cheeso and carbonate of calcium is left to itself for some 
weeks at a temperature of 20° to 30° C. According to Corriol, the same salt is de- 
posited from an infusion of nux vomica which has fermented for a few days. It is do- 

f osited from an aqueous or alcoholic solution in small, very white, rnainmellated crystals. 

t dissolves in all proportions in water and in alcohol at the boiling heat, but cold 
water dissolves only traces of it. 

The characters of this salt differ somewhat according as it has been prepared wish 
lactic acid a extracted from muscular flesh (sarcolactic acid), or from lactic acid 0, 
produced by the fermentation of sugar. 

The salt of the acid a, deposited from an aqueous solution, contains 2 at. water ; that 
of tho acid 0 crystallised in the same way contains at. Ca"(C 3 lPO s )*.# r >H : 0. Tlio 
lactate a retains its water of crystallisation at 100° longer than the salt 0. Lastly, the 
salt a requires 12*4 pts. of water to dissolve it ; whereas tho salt 0 dissolves in U o pis. 
Pure lactato of calcium, dried at 100°, and containing Cr"(C s H 5 0 3 ) 3 , loses water at 
280°, and iB converted into dicalcic dilactate, C*‘H*Oa"0 4 (Didactic acid, p. 4^1). 
(Wurtz and Fried el.) 

Acid lactate of calcium, Ch"(C*IP0*) 2 .2C*II b 0 s . 3H : 0, obtained by mixing a solution 
of the neutral lactate with as much lactic acid as it already contains, forms crystalline 
masses resembling wavellite. It dissolves in absolute alcohol, gives off its water of 
crystallisation at 80°, and rapidly turns brown at a higher temperature. 

Lactate of calcium and potassium. — Obtained by incompletely precipitating a solu- 
tion of lactate of calcium with carbonate of potassiunj* It forms hard crystals soluble 
in water. 

Jjactatc tvith chloride of calcium, Ca /> (C s H'‘0 8 )*.Ca"Sn6H , 0. — Obtained in prisms by 
mixing the solutions of the two salts, and concentrating the liquid considerably. 
Lactatf. of Chromium is an uncrystallisable salt. 

Lactate of Cokalt, Co"(C*H lk 0 1, )*,GH 2 0. — Peach-blossom -coloured needles, nearly 
insoluble in cold water, moderately soluble in boiling water, insoluble in alcohol. Its 
solution has a slight acid reaction. 

Lactate of Copper, Ch"(C*H 4 0*) , .3II 2 0 and 2H*0, is obtained by precipitating 
sulphate of copper with lactate of barium, or by boiling carbonate of copper with lactic 
acid. By the latter method a basic salt is also produced, from which the product must 
be purified by recrystallisation or by addition of lactic acid. 

Lactate of copper a (sarcolactate) crystallises in sky-blue nodules containing 3 at* 
water, which it does not give up at 100° till after a considerable time ; whereas 0 forma 
larger crystals, of a green or very dark blue colour, and containing 2 at. water, which 
they give off by simple desiccation over sulphuric acid. The salt a exposed to a 
gradually increasing heat does not exhibit any change below 210° ; but at that tem- 
perature it takes fire and burns, leaving a residue of metallic copper. 0 heated in like 



LACTATES. 


459 


manner decomposes at 140°, leaving a residue of cuprous oxide. Lastly, a dissolves 
in 1*95 pt. cold water, in 1*24 pt. boiling water, and in a small proportion of alcohol ; 
whereas & requires for solution 6 pts. of cold water, 22 pts. boiling water, 116 pts. cold 
alcohol, and 26 pts. boiling alcohol. . 

Lactatbs of Ikon.— Ferrous lactate, Fe'XC’HKPy.alPO, may be prepared by 
decomposing the calcium-salt with ferrous sulphate, or by mixing lactate of ammonium 
with ferrous chloride in presence of alcohol ; also by boiling dilute lactic acid with iron- 
filings. It forms small crystals haring a slight greenish tint; their solution oxidiBOS 
but slowly on exposure to the air. This salt is sometimes used medicinally in the 
treatment of chlorosis. 

Ferric lactate is a brown amorphous mass, deliquescent, and very soluble in water. 

Lactate of Lead. — Hy treating carbonate of load with boiling lactic acid, a neutral 
liquid is obtained, which when evaporated deposits a mass of small pellicles, and 
acquires an acid reaction. 

Lactate of Magnesium, Mg"(C , H 4 0*) , .4H*0 and 3IPO. — Obtained bv dissolving 
magnesia in lactic acid. Crystallises in prisms permanent, in the air, soluble in wator, 
insoluble in alcohol. The salt a (sarcolactate) contains 4 at. water: tho salt £ con- 
tains 3 at. Tho salt « is also much more soluble in water and alcohol than ft. " 

Lactate of Manganese, Mn''(C*HH) s ) a .3H !, 0.— l^arge, brilliant, amethyst-coloured 
crystals, moderately soluble in cold water, very soluble in hot water; soluble also in 
alcohol. 

Lactates of Mercury. — Mercurous lactate , (Ug‘ i ) , (C 3 H 5 0*) , .211 , 0. Rose-coloured 
or crimson crystals, obtained by mixing tho boiling solutions of lactate of sodium and 
mercurous nitrate. 

Mercuric lactate. — Tho neutral salt is not known. A basic salt, ITg"(CMl a O s )*.ITg"0, 
is obtained by boiling mercuric oxido with dilute lactic acid till the liquid is saturated. 
The solution yields by evaporation a yellow salt, insoluble in wator, and a colourless 
salt which is vory soluble. The latter, which has the composition above given, 
crystallises in shining prisms which effloresce rapidly in tho air, and arc very sparingly 
soluble in alcohol. 

Lactate of Nickel, Ni"(C*H s 0 # )*.3H*0. — Apple-green noodles, very soluble in cold 
water, more soluble hot water, insoluble in alcohol. Tho solution has a slight acid 
reaction. According to Kngelhardt, tho salt a gives off tho whole of its water at 100°, 
but 0 lines not part, with the third atom before 130°. 

Lactate of Potassium. — V e ry soluble, and crystallises with difficulty. 

J .act ate ok Silver. AgC 3 H s OMPO. — Obtained by boiling carbonate of silver 
with lactic acid. It forms silky needles grouped in nodules, neutral to test-paper, 
blackening quickly by exposure to light, vory soluble in warm alcohol, nearly insoluble 

cold alcohol. The aqueous solution, when boiled for some time, acquires a fino 
blue colour, and deposits brown flakes. It may be heated to 80° without deeoni|>OHing, 
but blackens and gives off gas at 100°. The air-dried salt contains 2 at. wator, which 
it gives off in vacuo. 

Lactates of Sodium. — Monosodic lactate , NaC*JPO*. An amorphous, deliquescent 
mass, very soluble in water and absolute alcohol ; other precipitates it fr«»m its alcoholic 
solution. Dried at 140°, it possesses the above composition. (W i si ice n us.) 

Fisodic lactate. — Monosodic lactate heated to 130° is acted on by sodium, hydrogen 
being liberated and a sodium-salt formed, which, together with unaltered niorioHodic 
lactate, contains disodic lactate. Tho product thus obtained is a bright yellow, very 
hard and brittle mass. It deliquesces quickly in the air. When covered with water, 
it is decomposed, with very perceptible development of heat, into monosodic lac la to 
and hydrate of sodium. The deliquesced salt absorbs carbonic anhydride from tho 
tor; so that when it has been long exposed, absolute alcohol dissolves out monosodic 
lactate, leaving a nwidue of carbonate of sodium. Disodic. lactate appears to dissolve 
without alteration in perfectly anhydrous alcohol. With iodide of methyl, it yield* ( 
iodide of sodium and methyl -lactate of sodium. (Wisliconus, Ann. Cli. Pliami. ’ 
exxx. 49.) 

Lactate of Strontium, Sr"(C i IT*0*) , .3II T 0. — Neutral and very soluble. 

Lactate of Tin. Stannous lactate. Sn''(LMPO*) 5 .Sii' / 0. - This Imwie salt is obtained 
by mixing an acid solution of stannous chloride with lactate of sodium. If is a whit© 
crystalline powder, insoluble in cold water, very soluble in hydrochloric acid ; soluble 
also in acetic acid after prolonged ebullition. 

Stannic chloride mixed with lactate of sodium does not yield crystals, or a procipi- 
btte oven after concentration to a syrup. , 

Lactate of Ubantum. — Uranic Instate, (U r 0 2 )"(C , IPO*) :f t is obtained in yellow 
crystalline crusts by evaporating a solution of uranic oxide in lactic acid. 

Lactate of Zinc, ZiT(C a lI*0*) a .3lI*0 and 2 IPO. -Prepared by tailing carbonate of 
*»nc with lactic acid. The salt a (sarcolactate) is deposited, as the solution cools, in 
Ter 7 dilate needles, irregularly jrouped ; on touching the vessel, these groups separate, . 
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Mid the whole of the liquid solidifies^ a pulp. The salt 0 forms sometimes shining 
crusts, sometimes large needles irregularly grouped. 

The salt a contains 1 at., the salt 0 § at. water, which it gives off quickly at 100° ; 
whereas o requires heating for several hours to dehydrate it completely. 0 may be 
heated without alteration to 210°, whereas a begins to give off empyreumatic vapours 
between 100° and 150°. 

The two salts also differ greatly in solubility, a dissolves in 2*88 pts. of boiling and 
&7 pts. of cold water ; in 2*23 pts. of cold alcohol, and in about the same quantity 
with boiling heat. The salt 0 requires for solution 6 pts. of boiling water, 6*8 pts. of 
cold water, and is nearly insoluble in alcohol. 

According to Liebig, the neutral salt prepared with lactic acid from sourcrout splits 
up, when its solution is mixed with alcohol, into a basic and an acid salt. Engelhard t 
did not observe this decomposition of the zinc-salt prepared with lactic acid obtained 
by the fermentation of sugar. 


Derivatives of Lactic acid . 


C 2 H*0 l 0 

Acetolaotto acid# C 4 H 8 0 4 — (C*H 4 0)" . (Wislicenus, Ann. Ch. Pliarm. 

H j b 

exxv. 60.) — Obtained from acetolactato of ethyl (rid. inf.) by heating it with water to 
160° for two or three hours. It is a thick, syrupy liquid ; very easily soluble in water; 
and has an agreeable, purely acid taste, without any irritating after-taste. It is not 
volatile without decomposition, but is carried over to a considerable extent by water- 
vapour; even then, however, it is partially decomposed into acetic and lactic acids. 
Under all circumstances, indeed, both the acid and its salts readily undergo decompo- 
sition into these two acids. 


Acetolacta te of barium , Ba"(C 5 H 7 0 4 ) 2 .4II 2 0. — Acetolactic acid dissolves carbo- 
nate of barium, with evolution of carbonic anhydride. The solution is warmed for a 
very short time with excoss of the carbonate, in order to complete the neutralisation 
(longer heating would cause decomposition into lactato and carbonate) ; then filtered, 
and evaporated to a syrup on the water-bath. This syrup becomes a tough mass on 
cooling, and drios up over sulphuric acid in vacuo to a brittle and pulveri sable sub- 
stance resembling gum. It then still retains 4 molecules of water, two of which are 
given off at 100°, the remainder only at 140°. Acetolactato of barium is very soluble in 
water, and dissolves also in absolute alcohol. Ether produces in the alcoholic solution 
a llocculent procipitato, which soon unites into a tough, sticky mass. 

Ace to lac t ate of copper . — Obtained as a blue-green, amorphous, gummy mass, by 
decomposing the barium-salt with sulphate of copper, and evaporating. It dissolves 
easily in water and alcohol, and becomes moist when exposed to the air. 

Acetolactate of sine, Zn"(C 4 H 7 0 4 ) 2 . — A cold solution of acotolactate of barium is 
decomposed with an exuctly equivalent quantity of sulphate of zinc, and the liquid is 
evaporated over sulphuric acid without, the aid of heat. The gummy mass thus 
obtained contains imbedded crystals of lactate and acetate of zinc. To separate these, 
the acetolactate of zinc is dissolved out by a small quantity of absolute ulcohol. By 
evaporating the solution in vacuo, the salt is left as a gummy mass, which, when 
thoroughly dried over sulphuric acid, is not decomposed at 110°. Its solutions, both 
aqueous and alcoholic, become quickly acid, owing to the extraordinary ease with which 
the salt decomposes into acetate and lactate of zinc, and £cet ic and lactic acids. 


C*H*0 l 0 / 

Acetolactate of ethyl, C 7 H ,2 0 4 = (C a H 4 0)" Formed by the action of chloride 

C 2 H 4 

of acetyl on monethylic lactate (p. 463). This reaction, which was first mentioned by 
Perkin (Zeitschr. Chem. Pharm. 1861, p. 166), has been further investigated by 
Wisl ice n us (loc. cit . p. 68). 

Acetolactate of ethyl is a colourless, mobile liquid, of an agreeable, aromatic smell, 
recalling that of Culville-apples. It is neutral, and insoluble in water, but is gradually 
decomposed by it into alconol and acetolactic acid (see above). It dissolves in alcohol 
and ether in all proportions, and ia precipitated by water from its alcoholic solutions. 
Boiling point 177°, under 733 mm. pressure. Specific gravity, 1*0468 at 17°, water at 
the same temperature being taken as unity; vapour-density, found 6*70, calculated 6*64. 
Bensolaetlo Mid. C^IT’O*. (See vol. i. p. 661.) 

C 4 H»0 1 0 

Batjrolaotlo Mid. C’H 12 0 4 - (C’H'O)'' . (See voL i. p. 697 To the de- 

ll |o 

script ion there given of butyrol&ctate of ethyl, we add the following particulars.) 
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Boiling point, 208°. Vapoor-dennity, found 6'7Sr calculated 8-51. Heated with eaustio 
potash in * sealed tube, it is decomposed into alcohol, and lactate and butyrate of 
potassium. (Wurts, Ann. Ch. Phys. [3] lix. 177.— This mode of decomposition is 
important, since, wore Kolbe’s view of the constitution of butyrolactic acid correct, it 
ought to yield propionate and butyloctate (oxybutyrate) of potassium when decomposed 
by potash. (Compare Ann. Ch. Pharm. cxiii. 234, 235, also vol. ii. p. 701 of this work.) 


IMlaetta add. Anhydrous lactic acid (Pelouze), Acids lactidiaue (Laurent).. 

(C*H 4 0)"] ~ 

CFIPK)* « (C*H 4 0)" O*. This substance remains as a pale-yellow, amorphous, 
H* 


easily fusible mass, when lactic acid is exposed for some time to a temperature 
between 130° and 200°. It is converted into lactic acid, slowly by ebullition with 
water, quickly by the action of aqueous alkalis. By dry distillation, it is converted 
into lactide (p. 464). With gaseous ammonia it yields the compound C*H ,4 N*0\ 
commonly called lactaraate of ammonium, but more correctly dilactylamate of ammonium 
(p. 453). 

Dilactate of calcium, C*H"Ca w O*. — Obtained by heating lactate of calcium, 
previously dried at 100°, to 280°. It is much less soluble in absolute alcohol than lactate 
of calc am. (W u r t* and F r i e d e 1. ) 

Dilactate of ethyl. Monethylic dilactatc, CWKP®* formed by 

the action of chloropropionato of ♦ thyl on lactate of potassium: 


<C*H 4 0)">C1 (C’H 4 0)"( <CWOP# 0f . 

cm 4 (O + HK 1 ° “ CTIMI{° + KCl 

Chloroprnpionate of Lactate of Morutliylic 

ethyl. potassium. dilactate. 


Tt is a colourless, oily liquid, of specific gravity 1134 at 0° ; boiling point about 235°. 
It is decomposed, when heated with >vat«*r in sealed tubes, into alcohol and lactic 
acid. (Wurtz and Friedel, Ann. Ch. Pliys. [3] lxiii. 112.) 

Monosulphodilactic acid, C*JI ,0 O 4 S. (Me hue lit, Ann. Ch. Pharm. cxxix. 4.) — 
This acid was obtained as the product of au operation conducted with a view to tho 
preparation of sulpholactic acid (p. 462). Instead of neutralising the aqueous solu- 
tion of the crude product containing su 1 nhol notate of potassium (see p. 462) with 
hydrochloric acid, it was neutralised with dilute sulphuric acid, and a further quantity 
of sulphuric acid was then added, sufficient to decompose tho sulpholactate only. Mono* 
Mjlphodilactic acid then separated at the surface of the concentrated saline solution, 
and was obtained pure by solution in other and evaporation under the air-pump. 

Monosulphodilactic acid is soluble in water, alcohol, and ether, but does not crys- 
tallise. It contains the elements of two molecules of sulpholactic acid minus one mole- 
cule of sulphydric acid : 

2C*JI«0‘S - IPS ~ c*ivo*a. 


By oxidation with dilute nitric acid, it yields d i I a c t y 1 s u I p li u r o u s acid, CMPfSO* 
( Dipropionschw(fclsdurr , Schacht), the barium-salt of which is a white amorphous 
powder containing C B H B Ba a SO\ 

Htbyl-lactlo sold. See Lactic Ethkrs (p. 463). 

^sotyltiUpliarous add. Sufphopropionic arid , C*IT*S0 4 .— This nci<l is formed by 
the action of fuming sulphuric acid on cyanide of ethyl, or on propionamide, in the 
process for preparing disuJphetholic acid (Buckton and Ifofniann, Cheni. Soc. Qu. J. 
ix. 251) ; also when sulpholactic acid is oxidised with dilute nitric acid. (Schacht.) 

Lactylsulphite of Ammonium is exceedingly soluble in water, and uncrystal- 
lisable. Absolute alcohol throws it down as a thick treacly muss. 

Lactylsulphite of Barium, C i II 4 Ba , SO\ crystallises from a saturated boiling 
solution in fl.no silky crystals, arranged in spherical groups. It may be dried at 17»0® 
without decomposition. 

Bilacttlsulphtbous Acid. See above. 

Laetyl- and dilactylsulphurous acids may bo regarded as containing the radicles of 
lactic and sulphurous acids, and may be represented by the following rational 
form ula : 


(C*H 4 0)*i 

(SO)" o» 

H*) 


(c*h 4 or 
(c*n«or , 04 
(sorf° 
ip; 

LactfUulphurotu acid. Dilartihutphuruui add. 

Mtotliyt.iaetie add. See Lactic Ethxbs (p. 464). 

■neelBs-laotis soldi. Tbs only known representatives of these substances are 
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diethylio auccioolactate, Cir’O', and di el hylic luocinodilactate, CEW. Diethplie 

succino lactate, (C*H 4 oMo s , is an oily liquid, insoluble in water, boiling at 280°, 
(C 8 !! 4 )*] 

and of specific gravity 1*119 at 0°, formed by the action of chloropropionic ether on 
succinate of ethyl and potassium in presence of alcohol. It is decomposed, when heated 
with barvta-water. into alcohol and succinate and lactate of barium. 

1 C‘HW ) 

* Diet hylic succinodilactatr , (C s H 4 0) 2 [ 0\ is a liquid boiling between 250° and 
y (C 2 IP) 2 j 

270°, produced by the action of chloropropionate of ethyl upon succinate of potassium. 
(Wurtz and Friedel.) 

Sulpbolactlo add, C s H"0 2 S = ^ [o* (Schacht, Ann. Ch. Pharm. 

cxxiz. 1.) — The potassium- salt of this acid is formed when an intimate mixture of 
chloropropionate of potassium and sulphydrate of potassium is heated for four or five 
hours to a little above 100°: 

KC1 


CHFKCIO 2 + HKS 

Chloro|iro|»ionate 
of potassium. 


C»H A K0 3 S 

Sulpholactate 
of potassium. 


To prepare the acid, the mixture of chloride, phosphate, and chloropropionate, 
obtained by neutralising with carbonate of sodium the crude product of the distillation 
of lactate of calcium with pontacliloride of phosphorus, is mixed with sulphydrate of 
potassium (1 molecule of the latter for each molecule of lactate used), and the solution 
is evaporated and the residue heated as above. The product of this operation is dis- 
solved in water, saturated with hydrochloric acid, warmed to expel sulphydric acid, 
largely diluted, made slightly alkaline with ammonia, and precipitated with acetate of 
lead. The lead-precipitate is thoroughly washed with cold water, then decomposed 
with sulphydric aeid, and the filtered liquid repeatedly evaporated to a syrup to 
remove the hydrochloric acid. The residue is dissolved in water and neutralised at 
the boiling heat with carbonate of barium, which causes a precipitate of phosphate* of 
barium, while sulpholactate of barium remains in the solution. From this solution 
the acid is again thrown down as lead-salt ; the precipitate is decomposed by sulphydric 
acid ; and the resulting solution of the froo acid is concentrated by evaporation on tho 
water-bath. 

Sulpholactic acid crystallises in broad noodles, grouped together in bundles or 
brushes; it melts without decomposition below 100°, and solidifies in the crystalline 
form. It dissolves in water, alcohol, and ether, and may bo boiled in dilute solution 
without decomposing. Nitric acid, not in excess, oxidises it to lacty lsulphurous 
acid, C*II 8 SO* (sulphopropionic acid, II tick ton and Hofmann), (vid. sup.) 

Sulpholactate of barium, C a lI 10 ba"O l S 2 . — Crystallises in cauliflower-shaped 
masses ; dissolves easily in water, insoluble in alcohol ; it is not altered when dried 
at 100°. 

Sulpholactate of lead. — Amorphous, and becomes brown on keeping. 

Sulpholactate of potassium is obtained by double decomposition from 
sulpholactate of barium and sulphate of potassium. The solution evaporated in vacuo 
to a syrup deposits broad plates which are very deliquescent. 

Sulpholactate of silver , C 5 H 5 AgO J S. — A white, amorphous precipitate obtained 
by adding nitrate of silver to a solution of sulpholuctate of barium. It is soluble in 
nitric acid, and decomposes below 100°. r ' 

TrUaotic acid. The diethylic ether corresponding to this acid is known. (See 
Lactic Ethers.) H. W. and G. C. F. 

LACTIC ANHYDRIDE. Dilactic acid (p. 461) was formerly called anhydrous 
lactic add, or lactic anhydride. The true lactic anhydride is Lactide (p. 464). 

LACTIC STHSR8. Owing to its peculiar constitution as a mono-basic diatomic 
acid, lactic acid is capable of forming three different ethers containing the same mona- 
tomic alcohol-radicle. Thus there are three lactates of ethyl, which may be represented 
by the following formulae : 

H }0 

(c*h«o)"; u 

H 

Lectio acid. 


CH ,}o 

(CH'O) 

H }0 

Ethvl lactic acid, 

H }o 
(c*h 4 o m ; 
c*h* }o 

Monethylic lactate. 


C*H» 

(C*H 4 0)"( 
C*H S 

Diethylic lactate. 


is 
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Of thene eoapmmds it will be Been that "two — namely, ethyl-lactic acid and monethylie 
lactate — aa re iaoroeric, each being represented by the empirical formula (>H M 0* The 
nature of the difference between these bodies will become apparent from the following 
considerations: — Lactic acid contains one atom of hydrogen, which is readily replaceable 
by its equivalent of an electro-positive metal by the ordinary processes of saline double 
decomposition, the result of this replacement being an ordinary metallic lactate: 
similarly, this atom of hydrogen can be replaced by itB equivalent of an alcohol 
radicle by the ordinary processes of etherification, the result being a neutral ether, 
which, like compound others in general, can be decomposed into alcohol and alkaline 
lactate by the action of alkalis. But lactic acid contains also another atom of 
hydrogen, which, by various proceases, cun be removed, together with an atom of 
oxvg e ». *h e two being replaced by Cl, 1I*N, or other similar residues, and is therefore 
spoken of in the language of the theory of types ns existing outside the radicle of the 
ttcid, although it cannot be replaced by metals or alcohol radicles in the same manner 
us the saline hydrogen-atom just referred to. The replacement- of this second atom of 
hydrogen can, however, bo effected by other means than those usually employed for 
the production of normal salts or ethers ; and when this is done,, the resulting products 
differ essentially from those obtained by effecting a similar substitution in the case of 
the saline atom of hydrogen. Thus, monethylie lactate results from the substitution 
of the radicle C*H S for the saline hydrogen- atom of lactic acid, and ethyl-lactic acid 
from the substitution of the same radicle for the second of the two hydrogon-fttoms 
existing outside the radicle of the acid. The degree of difference in the properties of 
these two compounds, resulting from the mode of combination of the alcohol- and 
arid-residues in each, will bo seen by the special description of them which 
follows. (See also Glycollic Ethers, ii. 914-916.) 

H } 0 

X<actatea of ethyl. Monktiiyjjc Lactate. Lactic Ether. C a ll l0 O* -»(C*II*0)” . 

cm* 

(Strecker, Ann. Ch. Pharm. xci. 352. — Wurtz and Fri edel, Ann. Ch. Phys. [3] 
lxiii. 102.) Preparation. — 1. One part of lactate of calcium and potassium (p. 468) is 
distilled with 1*4 pt. ethyl-sulphate of potassium; the thin, faintly-smelling distillate, 
which passes over between 150° and 180°, is saturated with chloride of calcium, and 
tiie syrupy solution i..i cooled. Crystals arc then obtained consisting of Ca('l. '2(0*11 ,# O i ) ; 
and these by distillation yield tolerably pure lactic ether (Strecker). — 2. Syrupy 
lactic acid, heated to 170° with absolute alcohol, yields monethylie lactate very readily. 
(Wurtz and Fri edel.) 

Properties . — A colourless liquid of specific gravity 10542 at 0°, and 1 042 at 13°. 
It has a faint smell, and boils at 156° under a barometric pressa re of 768 inm. Vapour- 
d. unity found, 4T4 (W urtz and F riedel); calculated, 4 07. Soluble in all proportions 
in water, alcohol, and ether. 

Decompositions. — 1. Lactic ether soon becomes acid by contact with mater, from the 
formation of alcohol and lactic acids. Alkalis, alkaline 1 earths , and oxide- of tine decom- 
pose it in the same manner as water. — 2. Potassium dissolves in lactic ether with 
evolution of hydrogen, and forma potassio-lactate of ethyl, CMPKO* — 

K Jo 

(C*H*OV* isomeric witn ethyl-lactate of potassium (vid. infr.). Tins substance 

cm* }° 

forms a viscid mass : treated with iodide of ethyl, it yields iodide of potassium and di- 
ethylic lactate (p. 464). — 3. Lactic ether, mixed with alcoholic ammonia , and evapo- 
rated, yields crystals of 1 actum ide (p. 453). 

C*IP 

Ethyl-lactic acid. Valcrolactic acid , C*II'*0* - (0*11*0)” . (Wurtz, Ann. 

H 

Ch. Phys. [3] lix. 171. — Butlerow, Ann. Ch. Pharm. cxiv. 206 ; cxviii. 325; Bull. 
Soc. Chim. Paris, 1861, p. 9.) The potassium- and calcium-salts of this acid aro ob- 
tained as products of the decomposition of diethylic lactate with potash and milk of lime. 
The acid is also produced (together with iodide of methylene and acrylic acid) by the 
action of ethylate of sodium on iodoform. 

Ethyl-lactic acid is a colourless, somewhat viscid liquid, of a, purely sour taste. ^ It 
boils between 195° and 198°, undergoing partial decomposition at the same rime. 
Water, alcohol, and ether dissolve it in all proportions ; but on addition of chloride of 
calcium or sulphate of sodium to the aqueous solution, it separates as an oil. It be- 
comes more viscid, but does not solidify, in a mixture of salt- and snow. Ethyl-lactic 
arid decomposes the carbonates with effervescence. It cannot lx* resolved into lactic 
arid and alcohol by the action of alkalis; but when heated with concentrated hydriodio 
acid, it yields lactic arid and iodide of ethyl. 

The ethyl-lactates are for the most part very soluble, and difficult to obtain in the 
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crystalline form. The calcium-salt , C^H'KV'O*, crystallises by alow evaporation of its 
a q u oou*|foljntion in colourless, prismatic crystals, united into stellate groups. Alcohol 
dissolvesitTess readily than water, and deposits it in wart-shaped masses. The silver- 
salt, OEPAgO*, crystallises from hot water in bunches of needles of a silky lustre : 
treated with iodide of ethyl, it yields diethylic lactate. The sine-salt dries up to a 
gummy mass. 

C*H* l 0 

Diethylic Lactate, Ethyl-lactate of ethyl . — C 7 H"0* — (C*H 4 0)"{ • (Wurtz. 

C 2 H* / 0 

Ann. Ch. Phys. £3] lix. 169. — Wurtz and Fried el, ibid, lxiii. 103.— Butlerow, Ann. 
Ch. Pharm. cxviii. 328). This substance, which may be regarded as the ether of the 
acid last described, is produced: — 1. By the action of ethylate of sodium onchloropro- 
pionate of ethyl ( ether chlorolactique , Wurtz). — 2. By the action of iodide of ethyl on 
ethyl-lactate of silver. — 3. By the action of iodide of ethyl on potassio-lactato of 
ethyi. 

Diethylic lactate is a transparent, mobile liquid, of an agreeable ethereal odour. It 
boils at 156*5° under a pressure of 767 mm. Its specific gravity at 0° is 0 9203; 
vapour-density, found, 5*052 (calculated, 5*055). 

It is insoluble in water, but soluble in alcohol and ether. By ebullition with alkalis, 
it is transformed into alcohol and an ethyl-lactate (vid, supr.) ; treatment with am- 
monia converts it into lactamethano (p. 452); it unites directly with lactide, forming 
diethylic trilactate. 

Chlorolactic Ether, Ether chlorolactique. Syn. with Chloropropion a te of ethyl 
(see Propionic Ethers). 

Dilactate of Ethyl. See Dilactic acid (p. 461). 

Diethylic Trilaotate, C ,8 H w 0 7 = A thick > colourless liquid, 

boiling about 270°, formed by heating diethylic lactate to 170° for several days with 
lactide. Potash decomposes it into idcohol and lactic acid. A substance which ap- 
pears to be monethylic trilact ate, C n H ,8 0 7 = ^C=IPH*[ 0\ is obtained as a 
secondary product in the preparation of diethylic trilactate. (Wnrtz and Fricdel). 

CH* l 

Xiactates of lYIetbyl. Methyl-lactic Acid, C 4 H b O s = (0*11*0)" * , is the only 

II }o 

compound belonging to this class that has hitherto been described. It is obtained by 
heating disodic lactate (p. 469) to 110° or 120° with iodide of methyl. Methyl-lac- 
tate of silver, C 4 H 7 AgO a , remains as a brittle, amorphous, gummy mass, when its 
aqueous solution is evaporated in vacuo. Methyl-lactate of sine is very soluble 
in water, and uncry stall isable ; it dissolves also in absoluto alcohol. (Wislicenus, 
Ann. Cli. Pharm. exxv. 63. O. C. F. 

LACTZDB. (True) Lactic anhydride. C*H«0* ~ C*H‘0.0. (J. Gay-Lussac 

andPelouze, Ann. Ch. Pharm. vii. 43; Pelouze, ibid. liii. 116; Engelhardt, 
ibid. Ixx. 243 ; Wurtz and Fricdel. Ann. Ch. Phys. [3] lxiii. 101.) — Produced by 
the dry distillation of lactic acid. To prepare it, the product obtained by slowly dis- 
tilling lactic acid is evaporated at 100°, and the residue washed with cold alcohol, and 
crystallised from boiling alcohol. Lactide crystallises in rhomboidal plates of dazzling 
whiteness. It is inodorous ; melts at 107°, and begins to boil at 250°, giving off white, 
irritating vapours, which sublime without alteration, aiyl condense in crystals on cold 
bodies. It is only slightly soluble in hot water, but is gradually converted into lactic 
acid by ebullition with water, and quickly by the actfon of bases. 

Ammouia converts it into lactamide (p. 463) ; Sthylamine, into lactethyl&mide 
(p. 453). It unites with diethylic lactate, forming diethylic trilactate (vid. supr.). 

G. C. F. 

XiACTZDZO AOZB. Laurent’s name for Dilactic Acld (p. 461). 

XiACTZV and LAOTOBE. Syn. with Sugar op Milk. 

XiACTOSTB, C*H*0*. — A liquid possessing an aromatic smell, and boiling at about 
$2°, produced, together with lactide r by the dry distillation of lactic acid. (Pelouze^ 
Ann. Ch. Phys. [3] xiii. 262.) 

LAOTXfCA SATXVA. The common lettuce. This plant yields, according to 
T. Kichardson (Jahresber. 1847-48, No. 134, Table to p. 1074), 0*87 per cent ash, 
containing : 

K*0 Na*0 Cmo Mgo BO* SiO* ph |£™* e NaCI 

46*01 5*29 6*05 2*17 8*89 20*23 8*52 * trace* 7*82 - 99*98 

ZAOTVOABZUM. A brown&h viscid substance obtained by evaporating the 
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juice which exudes, by incision, from the leaves and steins of certain species of LacUtca, 
especially Lactnoa mrosa. It has a peculiar odour resembling that ofopium, and acts 
as a narootic. German lactucarium contains, according to Ludwig Pham. 

[2], 7, 129; Jahresber. 1847*8, p. 824), from 4 4 ’4 to 53*5 per cent*, lactuebne, a soft 
resin ; about 4 per cent of an easy fusible waxy body ; lactuciu, the chief active prin- 
ciple of the substance ; lactucic acid ; about 1 per cent of oxalic acid ; a non-volatile 
not bitter acid, which reduces oxido of silver ; and a volatile acid smelling like valeri- 
anic acid, both in small quantity only; about 7 per cent, of albumin; at least 
2 per cent mannite ; a small quantity of a neutral, not bitter, unfermentable sub- 
stance, crystallising in rhombic pyramids ; and from 3 to 6 per cent, ash, containing 
potash, soda, manganic oxide, ferric oxido, and a small quantity of lime. 

lACTVCBftnr. A substance, insoluble in water, contained in lactucarium. 
probably identical with lactucone. 

1ACTVCXO ACID. This substance is obtained by triturating lactncarium with 
an equal weight of diluto sulphuric acid, adding 5 pts. of alcohol of 84 per cent,, 
filtering, shaking up the filtrate with slaked lime, decolorising with animal charcoal, 
evaj>orating, heating the residuo to boiling witii a large quantity of water, and evapo- 
rating- the aqueous solution, after decolorising it with animal charcoal. A mixture of 
lactucic acid and lactucin then remains, and on dissolving this in boiling water, the 
luctucin crystallises out on cooling, and the remaining liquid yields, by evaporation, 
impure lactucic acid. 

Lactucic acid thus obtained is a light yellow mass, amorphous at first, but becoming 
crystalline after a while ; its colourless aqueous solution is coloured wino-rml by alkalis, 
aiid when boiled with cupric sulphate and excess of soda, reduces t he cupric to cuprous 
oxide. (Ludwig, Jahresber. 1847-48, p. 824.) According to Walz(N. Juhrb. Pham.’ 
xv. 118), it is C ,0 H M O \ 

LACTUCIN. A substance contained in lactucarium, and supposed to be its active 
principle. It is obtained by treating the extract with alcohol containing 2 per cent, of 
strong vinegar, diluting the solution with water, precipitating with baric acetate of 
Lad, removing the excess of lead from the filtrate by sulphydric acid, evaporating at a 
gentle heat, digesting the residue in ether, and leaving the ethereal solution to evapo- 
rate. Ludwig and Kpomayrr (Arch. Pliarm. [2] exi. 1) prepare it by macerating 
lactucarium in 1$ pt. hot water for four days, then pressing the mass, again treating it 
with a little cold water, boiling it five times with fresli porlions of alcohol (which 
lcavi-s lactucono un dissolved), and evaporating the extracts to half the bulk of the 
material used. The product is then precipitated with basic acetate of lead, and reerys- 
talliscd from alcohol as above. 

Lactucin is yellowish, fusible, bitter, soluble in 80 parts of cold water, moderately 
soluble in alcohol and in acetic acid, less soluble in ether, which deposits it by evapo- 
ration in the crystalline state. According to Kromayor (Arch. Pharm. [2] cv. 3), it 
crystallises in nacreous scales or rhombic tables, probably containing C w H**O t or 
I l' rt O*. According to Walz (N. Jahrb. Pharm. xv. 118), it is Nitric 

acid, of specific graxaty 1*48, converts it into a resinous body quite devoid of taste. 
Strong sulphuric acid turns lactucin brown. Lactucin heated with potash gives off 
ammoniacal products (?). Its solutions are not precipitated by any reagent. (Buchner, 

Ih p. Pharm. xliii, 1, Gm. xvi. 278-) 

LAOTUCONB. C <# H m O> (?). — A crystalline substance extracted from lactucarium 
by boiling alcohol. It forms mammillated crystals, which, after purification by recrys- 
tullisation and treatment with animal charcoal, are colourless, insipid, midt between 
150° and 160°, are insoluble in water, but dissolve very easily in alcohol, ether, and 
oils, both fixed and volatile. It yields acetic acid in large quantity by distillation. It 
may, however, be partly volatilised without decomposition in a stream of carbonic acid 
It yields by analysis 80*66 -81*25 per cent, carbon, and 10*91—11*33 hydrogen, 
numbers which agree nearly with the formula C**H*'0*. It is an indifferent substance,’ 
and is not affected by potash or by chlorine. Its alcoholic solution does not precipitate 
metallic salts dissolved in alcohol. (Lenoir, Ann. Cb. Pharm. lix. 83.) 

&&CWCOPZOSXir. An uncrystallisable substance, which remains In the mo* 
ther-liquors of the preparation of lactucin by Ludwig and Kromayer’s procesa 
(vid. sup.) t after the greater part of that substance has been precipitated by basic 
acetate of lead. 'When freed from admixed lactucin and lactucone by ether, it forms 
* brown, amorphous, very bitter mass, haring a faint acid reaction, soluble in water 
and alcohol u contains 62*6 per cent, carbon, 6*8 hydrogen, arid 36 8 oxygen, agreeing 
neirly with the formulaC 1 *H w O ,# **, and is therefore produced from lactucin by assumption 
°f water and oxygen. (Kromayer, Di* BitUrstoffe, Erlangen, 1861, p. 79.) 

Vot. lit . H H 
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ftACWIil iS&OBIBSOr. Chloride of chloroprapiong&. 0*H^0C1* CPHKHO.Ci 
(Wurt*, Ann. Ch. Pbyfr. £3] lix. 163. — Ulrich, Chem. Sac. Qu. J. xii. 23.) Obtained, 
together with oxychloride of phosphorus, by gently heating a mixture of ▼ell-dried 
lactate of calcium with twice its weight of pentachloride of phosphorate It it difficult 
to separate the whole of the oxychloride of phosphorus, but the chloride of lactyl inay 
be obtained nearly pure by distilling the liquid, which passes over during the reaction 
in small quantities at a time, and collecting separately the portion which distils above 
M0°. Chloride of lactyl is also formed by the direct combination of ethylene and 
oxychloride of carbon. (Lippmann.) 

When freshly prepared chloride of lactyl is a colopless liquid, but it soon becomes 
dark coloured, giving off hydrochloric acid. Its boiling point seems to be above 140°, 
but it is partially decomposed when distilled, the thermometer rising to 180° or 190°. 

' It sinks to the bottom of water and gradually dissolves, forming hydrochloric and 
chloropropionic acids (Propionic acid, Derivatives of) (Ulrich). With absolute 
alcohol , it reacts very energetically, forming hydrochloric acid, chloride of ethyl, and 
chloropropion ate of ethyl. (W urtz'a ether chlorolactique.) G. C. F. 

IAOONITI. A ferric borate, Fe 4 O a .B‘0*.3H*0, occurring as an incrustation in 
the Tuscan lagoons. (Bee hi, Sill. Am. J. [2] xvii. 129.) 

ZiJLSUB* This term is used to denote a species of pigment formed by precipitating 
colouring matters with some earth or metallic oxide. The principal red lakes are the 
Carmine , Florence , and Madder lakes. 

For the preparation of carmine-lake, four ounces of finely pulverised cochineal 
are poured into 4 or 6 quarts of rain or distilled water (which has been previously 
boiled in a pewter kettle), and boiled with it for six minutes longer (it is sometimes 
recommended to add, during the boiling, two drachms of pulverised cream of tartar). 
Eight scruples of Roman alum in powder are then added, and the whole is kept upon 
tho flro for one minute longer. As soon ns the coarse powder has subsided, and tho 
decoction has become dear, the latter is carefully decanted into large cylindrical vessels, 
covered over and kept undisturbed, till a fine powder settles to the bottom. From the 
decanted liquor, winch is still much coloured, tho rest of the colouring matter may be 
separated by means of tin-solution : it then yields a carmine-lake but little inferior to 
the other. 

For the preparation of Florentine lake, the sediment of cochineal remaining on 
the kettle after tho preparation just described may bo boiled with the requisite quantity 
of water, the red liquor which remains after the preparation of the carmine likewise 
mixed with it, and the whole precipitated with the solution of tin. Tho red precipi- 
tate must be frequently washed with water. Exclusively of this, two ounces of fresh 
cochineul, and one of crystals of tartar, are to be boiled with a sufficient quantity of 
water, poured off clear, and precipitated with the solution of tin, and the precipitate 
washed. At the same time, two pounds of alum are also to be dissolved in water, pre- 
cipitated by caustic potash, and tlio white oarth repeatedly washed with boiling water. 
Finally, both precipitates are to bo mixod together in the liquid state, put upon a filter, 
and dried. For the preparation of a cheaper sort, one pound of Brazil wood may be 
employed in the preceding manner, instead of cochineal. 

For the following process for making a lake from madder , the Society of Arts voted 
their gold medal to Sir II. C. Englefield. Enclose two ounces troy of the finest Dutch 
crop madder in a bag of fine and strong calico, large enough to hold three or four 
times as much. Put it into a large marble or porcelain mortar, and pour on it a pint 
of dear soft water, c<Sld. Press the bag in every direction, and pound and rub it about 
with a pestle, as much as can be done without tearing it, and when the water is loaded 
with colour, pour it off. Repeat this process till the'water comes off but slightly 
tinged, for which about five pints will be sufficient. <*Heat all the liquor in an earthen 
or silver vessel, till it is near boiling, aud then poui£fe.into a large basin, into which a 
troy ounce of alum dissolved in a pint of boiling soKVater has been^gire viously put 
Stir the mixture together, and while stirring, pour In gently about an ounce and half 
of a saturated solution of carbonate of potassium. Let it stand till cold to settle ; pour 
Off the clear yellow liquor ; add to tho precipitate a quart of boiling soft water, stirring 
it well ; and when cold, separate by filtration the lake, which should weigh half an 
ounce, * If less alum be employed, the colour will be somewhat deeper; with less than 
three-fourths of an ounce, the whole of the colouring matter will not nnite with the 
alumina. Fresh madder root is equal, if not superior, to the dry. 

Almost all vegetable colouring matters may be precipitated into lakes, more or lee® 
beautiful, by means of alum or oxide of tin. U. 

Yellow lakes are prepared chiefly with decoctions of the berries of vario*® 
fpecies of Rhamnus, also of fustic, weld, quercitron, &c. ; the decoctions, mixed with 
carbonate of potassium in gTeattr or smaller quantity as the colour is to be lighter or 
darker, being poured into a hot solution of alum quite free from iron. The cdoor 
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m y lie ^ toting the still moist precipitate with tin-sob^lcm,— A* many 

of the pwctt&M .solutions contain a large quantity of tannin, it is usual, ip' order to 
obtain a fin* j«t#>w4sko from them, to mix them, in the first instance, with a con- 
siderable quantity qt sour milk, which precipitates the tannin. 

An orange-yellow lake is obtained in like manner by precipitating turtneric or 
annatto, dissolved in potash with alum. A common kind of yellow -lake is obtained by 
mixing yellow-lake, prepared as above, with clay, marl, or eLalk ; better, however, by 
boiling 5 pts. of crushed yellow berries with 25 to 30 pts. water containing 1 pt. of 
alum, pouring the clear liquid on 3 or 4 pts. of pounded chalk, and leaving it fqr 
several aays, stirring frequently, then decanting the liquid, and washiug and drying 
the precipitate. If a greenish tint is desired, a small quantity of burnt or slaked lime 
may be added. 

Blue lakes are but seldom prepared, since Prussian-blue, ultramarine, cobalt-blue, 
&c., and indigo-carmine answer every purpose for which they could be required. If 
indigo-carmine be prepared by saturating the solution of sulphindigotic acid with 
magnesia or its carbonate, instead of potash, it is obtained of a still finer colour. 
Sometimes a dilute solution of sulphindigotic acid is mixed with alum-solution, and 
the mixture is precipitated with carbonate of potassium, whereby a peculiar blue lake 
is obtained. A solution of logwood mixed with alum yields a violet, and, on addition 
of sulphate of copper, a blue-lake, if the solutions are precipitated in the cold with 
carbonate of potassium. 

Green lakes are usually prepared by mixing blue and yellow lakes. A very good 
green lake is obtained directly by exhausting 1 lb. of bruised coffee-berries with 10 lbs. 
of water, and dissolving in the liquid from 2) to 3 lbs. of sulphate of copper. The 
dear liquid is precipitated with caustic potash, the coffee-ex tract being kept in excess 
to prevent the precipitation of free cupric oxide. The precipitate, which weighs about 
us much as the coffee-berries used, is moistened with a small quantity of vinegar, and 
left for some time exposed to tho air, whereby its colour is heightened. 

X.AMXITA&IA. See Skaweko. 

LAMPADXTE. Syn. with Wad. 

LAMP-B1ACS. Finely- divided carbon, obtained by collecting the smoke of an 
oil-lamp, or that of burning-pitch or resin. (Sco Caution, i. 700.) 

LANA PBILOSOPHXCA. An ohl name for the snowy flakes of white oxide 
which rise and float in the air when zinc is burned. (SO*)" 

LANAXXXTE. A sulphnto-cnrbonato of lead, PbSO 4 . PbCO B , or (CO)" 

Pb* 

occurring sometimes in monoclinic crystals, clcavablc in two directions, sometimes 
massive or in flexible ]amin;c, at Tsaidhills, Scotland, in Siberia, at 1 anne in the 
liartz, and at Biborweicr, Tyrol. Hardness *= 2 to 2 <>. Specific gravity =» fl’3 to 7. 
J. astro of cleavage- faces, pearly; of others, adamantine, imdiuing to resinous. Streak 
white. Colour, greenish-white, pale-yellow, or grey. Iiai ns pa rent or translucent. 
Contains, ueeording to Brooke’s analysis (Kd. Phil. J. iii. 17), 5.f*5 per cent, sulphate, 
and *16 85 carbonate of lead, which is very near the calculated composition. Before 
the blowpipe it melts to u globule, which becomes white on cooling. Bissolves jii nitric 
acid without perceptible effervescence. 

LANCA fiT BB IT 8« A mineral consisting of a mixture of brucife and hydromag- 
nesite, found near Texas, Bnneaster County, Pennsylvania (lJuna, ii. 467). 

LAN TANtyaiO ACID. ( Lantalic acid, Luurent.) A produc I, according to 

8eh lieper (Ann. Ch. Pha 

ferricyanide of jpotossium 

complicated, is impure Unl«iu»» lo - 

with aoelfte of lead, sod filtered from the precipitate d oxalate of lead ; the lan tan urate 
of lead then Aeoipitated from the filtrate by ammonia, washed, suspended in water, 
and decomposed by sulphuretted hydrogen. The fi 1 1 rate, on « vapor* 1 ion, yields lanta,- 
nurie add as a gummy mass, easily soluble in wafer, insoluble in alcohol . it# solution 
reddens litmus. It appear# to be a dibasic acid It forms a ^ normal- and an «f* 
^potassium-salt, the formeTuf which is syrupy, the latter cry* al Usable The solution 

of either of these salts gives, with ftirnnomacul aeetafo of lead, a white precipitate, 
insoluble in cold water and alcoliol, soluble in acetic acid or basic acetate of 
With ammoniacul nitrate of silver, the acid potassium -salt gives a white precipitate, 

of .he lo . wh«-. a- of .b« 

acid is CWNKK Laurent proposes to double the formula. According to Uerhardt 
( Tradti, i. 628), kntanuric acid is probaldy identical with allsnlurtc acid. r . T. C. 

LAir rwa|f rr« Native carbonate of lanthanum (and didynuum) (IaJ D / 
CO*.8H O, formerly called carbonate of cerium. (.Sec Cxum>SATr», i. 7 Ho.) 

H h 2 


O 4 , 


h Pharrn lv'ii. 216), of the oxidution of uric acid, by a mixture of 
leium and potash. Tim result of the process, which is somewhat 
re lantanurate of potassium, which is dissolved in water, mixed 
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KAHTHAVHM. Atomic weight, 92 ’8 ; Symbol, I*. This metal appeals to be 
constantly associated with cerium and didymium. Mo sander showed m 1839 
IPoaa, Ann. xlvi. 648 ; xlvii. 207) that the red-brown oxide obtained from cents in 
the Sterner described under Ceeiom (i. 831), and originally regarded as the oxide 
of a single metal, contained the oxide of another metal which he called lanthanum 
(from AorOdi'fif', because it had previously been concealed in the oxide of cerium) ; and 
subsequently, in 1841 (Pogg. Ann. lvi. 504), he discovered that this supposed oxide 
of a single metal, lanthanum, was really a mixture of the oxides of two distinct 
metals, for one of which the name lanthanum was retained, while the other was called 
didymium (HlZvfiot, twins). 

The separation of lanthanum and didymium from cerium may be effected by either of 
the methods described under cerium (i. 831, 832) The second and third are easier and 
more expeditious than the first. If the solution obtained by treating the crude red- 
brown oxide with dilute nitric acid be evaporated to dryness, and the residue treated 
with nitric acid diluted with at least 200 pts. of water, a solution will be obtained quite 
free from cerium (Marignac). Boiling the red-brown oxide with chloride of ammo- 
nium also yields a solution of lanthanum and didymium free from cenum. In both 
cases however it is best to test a portion of the solution for cenum by precipitating 
with excess of caustic potash, and passing chlorine through the solution. The presence 
of cerium even in a very small quantity, will be indicated by the formation of a yellow 
precipitate, after the liquid, supersaturated with chlorine, has been left in a close vessel 

Holzmann, (J. pr. Chem. lxxv. 321; R<5p. Chim. pure, i. 241), prepares pure Ian- 
thanum-salts from the liquid which remains after tho precipitation of basic ceric 
sulphate in Bunsen’s process for tho separation of cerium ( 1 . 832). This liquid, which 
contains both lanthanum and didymium, is evaporated (during which process a largo 
ttdditi uni quantity of cerium separates as basic sulphate) and heated till the greater 
part of tho free acid is expelled. The sulphates of lanthanum and didymium which 
then separate out, are dissolved in water containing a little nitric acid, and the solution, 
together with the mother-liquor, is precipitated with oxalic acid; the precipitate, 
mixed with an equal weight of magnesia alba, is heated for some time to low red- 
ness • tho resulting dark brown oxide is digested with small quantities of dilute nitric 
acid 'which dissolves scarcely anything but the oxides of lanthanum, didymium and 
magnesium ; and the filtrate is boiled for some time with magnesia to separate the last 
traces of cerium. The liquid is then again precipitated with oxalic acid ; the dried and 
ignited precipitate dissolved in dilute nitric acid; the solution precipitated by sulphate 
of potassium; the precipitated lanthano- and didymio-potassic sulphates digested with 
dilute carbonate of sodium, and the resulting carbonates dissolved in dilute sulphuric acid. 

A solution free from cerium having been obtained, the separation of the lanthanum 
and didymium is effected by the different solubilities of their sulphates. To convert 
them into sulphates, if not already in that form, the solution is treated with excess of 
a caustic alkali, and the washed precipitate dissolved in dilute sulphuric acid. Ihe 
mode of proceeding varies according as the lanthanum or the didymium is in excess. 

1 When tho lanthanum is in excess, in which case the solution has but a faint 
amethyst tinge, the liquid is evaporated to dryness, and the residue heated in a platinum 
dish to a temperature just below redness, to drive off the excess of acid, and render the 
sulphates perfectly anhydrous. The residue is then dissolved in rather less than six 
Umes it. weight of water, at about 8® or 3° C. (36° ]?.), the salt being reduced to 
nowder and added in successive small portions, and the vessel containing the liquid 
being immersed in ice-cold water. Without these precautions, the temperature of the 
liquid may be raised several degrees, in consequence of the heat evolved by the com lu- 
nation of the anhydrous sulphates with water; an<Em that case, crystallisation will 
commence, and rapidly extend through the whole mfcpf liqmd, as these sulphates are 
much less soluble in warm than in cold water ; but j?tte liquid be properly cooled, the 
whole dissolves completely. The solution is next to be heated m the water-bath to 
about 46° C. ( 104 ° F.) ; the sulphnto of lanthanum then crystallises out, accompanied 
bv only ammaU quantity of sulphate of didymium. To purify it completely, it is again 
rendered anhydrous, re-dissolved in ice-cold water., &c„ and the entire process repeated 
ten or twelve times. The test of purity is perfect whiteness the smallest quairtityoi 
didymium imparting an amethyst tinge (Mo sander). This process succeeds oesi 
when a considerable quant ity of the mixed sulphates is operated on 

2 When the didymium-sait is in excess, in which case the liquid has a decided row 
colour, separation may be effected by leaving the solution containing excess of acid, ^ 
a warm place for a day or two. The sulphate of didymium then separates in large 
ihombohedral crystals modified with numerous secondary faces ; and, at the 
slender. needle-shAped, violet-coloured crystals arc formed, containing the two suJjP 11 * 
taixcd The rhombohedral crystals, which are nearly free from lanthanum, 
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removed* and the needles* together with the mother-liquid, treated as in the first method, 
to obtain sulphate of lanthanum. (M osander.) 

In both cases, the separation may be greatly facilitated by first dissolving the mixed 
oxides of the two metals in a large excess of nitric acid, and precipitating in mfccfeaive 
portions by oxalic acid ; the first precipitates thus formed have a much deeper rose* 
colour, and are much richer in didymium than the latter. The separation thus effected 
is very imperfect in itself, but it greatly facilitates the subsequent separation of the 
sulphates, which is much more rapid when one of the sulphates is in great excess with 
regard to the other. (Marignac,) 

Metallic lanthanum is obtained by decomposing the anhydrous chloride with sodium, 
and dissolving out the chloride of sodium with alcohol of specific gravity 0 833. It is 
a dark, lead-grey powder, sort to the touch, and adhering when pressed. 

Lanthanum appears to form only one series of compounds, in which it is diatomic, 
e.if. the chloride LaCl* ; the protoxide LaO. 

LAXTHAN UM, CHXiOStXDB OS*, LaClq is obtained in the anhydrous state 
by igniting the oxide in a current of hydrochloric acid gas (Mosunder), or by dis- 
solving the oxide in hydrochloric acid, evaporating the solution, mixed with sal* 
Ammoniac, to dryness, and heating the residue till the sal ammoniac is expelled. It 
then remains as a radio-crystal lino mass, which deliquesces in moist air, and dissolves 
easily in alcohol. (It. Hermann, J. pr. Chem. lxxxii. 383.) 

A hydrated chloride , LuCl 2 .4lI 2 0, is obtained as a radio-crystalline mass, by evaporat- 
ing a solution of the oxide to a syrup, and leaving it over oil of vitriol. When heated 
in moist air, it gives off water and hydrochloric acid, leaving a mixturo of chloride of 
lanthanum and an oxychloride containing 3LaO.LuCl*. 

t'h loro me rear ate of Lanthanum , LuCl 2 .3Hg(’lL 811*0, is obtained by evaporating a 
Sul ut ion of tho component chlorides, in colourless cubes, easily soluble \n water, but 
not deliquescent. (Marignac, Ann. Min. [5] xv. 272.) 

I*A VTBANVM, DETECTION and ESTIMATION OX*. 1. Reaction*. 
Pure lanthanum-compounds fused with borax before the blowpipe, form a perfectly 
colourless bead; the slightest tinge of amethyst is an indieatiou of the presence of 
didymium. 

Lanthanum-suit* in solution arc colourless, and have an astringent taste. With 
caustic potash or soda, they yield a white bulky gelatinous precipitate of the hydrated 
oxide, which is insoluble in excess of tho alkali, but dissolves completely in chlorine* 
water, without funning any yellow deposit. Ammonia throws down a basic salt. 
Oxalic acid or oxalate, of ammonium, forms u white flocculcnt precipitate, which does 
not become crystalline. In other respects the solutions resemble those of cerous salts 
('■ *33’), especially in forming with sulphate of potassium a white crystalline precipi- 
tate quite insoluble in excess of tin* reagent. 

2. Estimation and Separation . — Lanthanum is best precipitated from its solutions by 
oxalate of ammonium. The precipitated oxalate, ignited in a covered platinum crucible, 
is converted into the anhydrous oxide, Lu 2 0, containing 8.V4 per cent, of the metal. 

The methods of separating lanthanum from most other metals are the same as those 
adopted for cerium and didymium. The separation of lanthanum from cerium itself 
may be effected b,v precipitation w ith an alkaline hypochlorite, or by boiling tho mixed 
oxides in a solution of sal-ammoniac (i. 832). No ne t hod of separat ing lan- 
thanum from didymium, sufficiently exact for quantitative analysis, has yot been 
discovered. 

3. Atomic Weight of Lanthanum. — Mosander, by the analysis of sulphate of lan- 
thanum, estimated the atomic weight of the metal (diatomic) At 92*8. Marianne 
(Ann. Ch. Phys. [3] xxvii. 209), by a similar method, obtained a somewhat higher 
number, vix. 9408. llolzmunn (J. pr. (’hem. lxxv. 321), from the mean of his 
analyses of the sulphate and of the iodate, obtained the number 92*8; and R, Her- 
man n {ibid, lxxxii. 385), from his analyses of the carbonate, sulphate*, and chloride, 
obtained 92*88. Mosander's determination may, therefor^, be regarded tfce fully 
confirmed. 

XiANTHANUM, FLVOJUDB OF. Sulphate of lanthanum forms, with fluoride 
of sodium, a white floeculeot precipitate, sparingly soluble in hydrochloric acid, 
(Hermann.) 

ktVTBAWM, OXIDES OF. Lanthanum forms two oxides, viz. & protoxide, 
DiO, and a peroxide , the composition of which has not perhaps been exactly 
ascertained. 

The protoxide is obtained by igniting the hydrate, carbonate, or oxalate, first in 
contact with the air, afterwards in contact with the reducing gases of the flame. It then 
forms white lumps having the sahic texture as tho peroxide, and a specific gravity 
of 3 94. When exposed to the air, it takes up water and carbonic acid, aiul in contact 
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LAVTBAVtJM. Atomic weight, 92*8 ; Symbol , La. This metal appears to be 
constantly associated with cerium and didymium. Mo sender showed in 1839 
(Pogg. Ann. xlvi. 648 ; xlvii. 207) that the red-brown oxide obtained from cerito in 
the mttuner described under Cesium (i. 831), and originally regarded as the oxide 
of a single metal, contained the oxide of another metal which he called lanthanum 
(from Aol'fldi'fo', because it had previously been concealed in the oxide of cerium) ; and 
subsequently, in 1841 (Pogg. Ann. lvi. 504), he discovered that this supposed oxide 
of a single metal, lanthanum, was really a mixture of the oxides of two distinct 
metals, for one of which the name lanthanum was retained, while the other was called 
didymium (W8u/un, twins). 

The separation of lanthanum and didymium from cerium may be effected by either of 
the methods described under cerium (i. 831, 832). The second and third are easierand 
more expeditious than the first. If the solution obtained by treating the crude red- 
brown oxide with dilute nitric acid be evaporated to dryness, and the residue treated 
with nitric acid diluted with at least 200 pts. of water, a solution will be obtained quite 
free from cerium (Marignac). Polling the red-brown oxide with chloride of ammo- 
nium also yields a solution of lanthanum and didymium free from cerium. In both 
cases, however, it is best to test a portion of the solution for cerium by precipitating 
with excess of caustic potash, and passing chlorine through the solution. The presence 
of cerium, even in a very small quantity, will be indicated by the formation of a yellow 
precipitate, after the liquid, supersaturated with chlorine, has been left in a close vessel 
for several hours. 

Holzmann. (J. pr. Chem. Ixxv. 321; R6p. Cliim. pure, i. 241), prepares pure lan- 
thanum-salts from the liquid which remains after the precipitation of basic ceric 
sulphate in Bunsen’s process for the separation of cerium (i. 832). This liquid, which 
contains both lanthanum and didymium, is evaporated (during which process a largo 
additi nal quantity of cerium separates as basic sulphate) and heated till the greater 
part of the free acid is expelled. The sulphates of lanthanum and didymium, which 
then separate out, are dissolved in water containing a little nitric acid, and the solution, 
together with the mother-liquor, is precipitated with oxalic acid; the precipitate, 
mixed with an equal weight of magnesia alba, is heated for some time to low red- 
ness ; the resulting dark brown oxide is digested with small quantities of dilute nitric 
acid, which dissolves scarcoly anything but the oxides of lanthanum, didymium and 
magnesium ; and the filtrate is boiled for some time with magnesia to separate the last 
traces of cerium. The liquid is then again precipitated with oxalic acid ; the dried and 
ignited precipitate dissolved in dilute nitric acid; the solution precipitated by sulphate 
of potassium ; the precipitated lanthano- and didymio-potassic sulphates digested with 
dilute carbonate of sodium, and the resulting carbonates dissolved in dilute sulphuric acid. 

A solution freo from cerium having been obtained, the separation of the lanthanum 
and didymium is effected by the different solubilities of their sulphates. To convert 
them into sulphates, if not already in that form, the solution is treated with excess of 
a caustic alkali, and the washed precipitate dissolved in dilute sulphuric acid. The 
mode of proceeding varies according as the lanthanum or the didymium is in excess. 

1. When the lanthanum is in excess, in which case the solution has but a faint 

amethyst tinge, the liquid is evaporated to dryness, and the residue heated in a platinum 
dish to a temperature just below redness, to drive off the excess of acid, and render the 
sulphates perfectly anhydrous. The residue is then dissolved in rather less than six 
times its weight of water, at about 2° or 3° C. (36° l v .), the salt being reduced to 
ppwder and added in successive small portions, and the vessel containing the liquid 
being immersed in ice-cold water. Without these precautions, the temperature of the 
liquid may be raised several degrees, in consequence of tUe heat evolved by the combi- 
nation of the anhydrous sulphates with water ; and^Sa that case, crystallisation will 
commence, and rapidly extend through the whole liquid, as these sulphates are 

much less soluble in warm than in cold water ; but lftne liquid be properly cooled, the 
whole dissolves completely. The solution is next to he heated in the water-bath to 
about 40 ° C. (104° r .) ; the sulphate of lanthanum then crystallises out, accompanied 
by onljr a<jmall quantity of sulphate uf didymium. To purify it completely, it is again 
rendered Anhydrous, re-dissolved in ice-cold water., &c., and the entire process repeated, 
ten or twelve times. The test of purity is perfect whiteness, the smallest quantity of 
didymium imparting an amethyst tinge (Ho sender). This process succeeds best 
when ft considerable quant ity of t he mixed sulphates is operated on. 

2. When the didymium -salt is in excess, in which case the liquid has a decided wee- 
colour, separation may be effected by leaving the solution containing excess of add, in 
ft warm place for a day or two. The sulphate of didymium then separates in large 
rhombohedral crystals modified with numerous secondary faces; and, at the same time, 
Blender, needle-shaped, violet-coloured crystals are formed, containing the two sulphates 
mixed. The rhombohedral crystals, which are nearly free from lanthanum, are 
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removed, end the needles, together with the mother- liquid, treated as in the first method, 
to obtain sulphate of lanthanum. (Moaander.) 

In both ca bos, the separation may bo greatly facilitated by first dissolving tUe; mixed 
oxides of the two motals in a large excess of nitric acid, and precipitating in mftrtfemve 
portions by oxalic acid ; the first precipitates thus formed have a much deeper rose* 
colour, and are much richer in didymium than the latter. The separation thus effected 
is very imperfect in itself, but it greatly facilitates the subsequent- separation of the 
sulphates, which is much more rapid when one of the sulphates is in great excess with 
regard to the other. (Marignac.) 

Metallic lanthanum is obtained by decomposing the anhydrous chloride with sodium, 
and dissolving out the chloride of sodium with alcohol of specific gravity 0 833. It is 
a dark, lead-grey powder, soft to the touch, und adhering when pressed. 

Lanthanum appears to form only one series of compounds, in which it is diatomic, 
cjj. tho chloride LaCl* ; the protoxide IaiO. 

LAWTHANUM, CHLORZDB OP, LaCl*, is obtained in tho anhydrous state 
by igniting the oxide in a current of hydrochloric acid gas (Mona rider), or by dis- 
solving the oxide in hydrochloric acid, evaporating the solution, mixed with sal- 
ammoniac, to dryness, and heating the residue till the sal-ammoniac is expelled. It 
then remains as a radio-crystal lino mass, which deliquesces in moist air, and dissolves 
easily in alcohol. (It. Hermann, J. pr. Client, lxxxii. 385.) 

A hydrated chloride , LuCl*.4ll*0, is obtained as a radio-crystalline mass, by evaporat- 
ing a solution of the oxide to a syrup, and leaving it over oil of vitriol. When heated 
in moist air, it gives off water and hydrochloric acid, leaving a mixture of chloride of 
lanthanum and an oxychloride containing 3LaO.LaCl 3 . 

Cldoromcrc urate of Lanthanum, LaClMilfgt'l^SllH), is obtained by evaporating a 
Solution of the component chlorides, in colourless cubes, easily soluble in water, but 
not deliquescent. (Marignac, Anu. Miu. [5J xv. 272.) 

LAJrTBANVM, DETECTION and ESTIMATION OP. 1. Reactions. 
Pure lanthanum-compounds fused with borax before the blowpipe, form a perfectly 
ec (hairless bead; the slightest tinge of amethyst is ail indication of tlje presence of 
didymium. 

Lanthanum-salts in solution are colourless, and have an astringent taste. With 
caustic potash or sotlu, they yield a white bulky gelatinous precipitate of the hydrated 
• »xitle, which is insoluble in excess of the alkali, but dissolves completely in chlorine- 
watcr, without forming any yellow deposit. Ammonia throws down a basic salt. 
thru lie acid or oxalate of ammonium forms a white fiocculent precipitate, which does 
not become crystalline. In other respect s the solutions resemble those of cerous salts 
{ ' ■ 833 ), especially in forming with sulphate of potassium a white crystalline precipi- 
quite insoluble in excess of the reagent. 

2. Estimation and Separation . — Lanthanum is best precipitated from its solutions by 
oxalate of ammonium. The precipitated oxalate, ignited in a covered platinum crucible, 
is converted into the anhydrous oxide, La*O f containing 85*4 per cent, of the metal. 

The nut hods of separating lanthanum from most other metals are the same as those 
adopted for cerium and didymium. The separation of lanthanum from cerium itself 
may be effected by precipitation with an alkaline hypochlorite, or by boiling the mixed 
oxides in a solution of sal-ammoniac (i. 832). No method of separating lan- 
thanum from didymium, sufficiently exact for quantitative analysis, has yet been 
discovered. 

3. Atomic Weight of Jxinthanum. — Moaander, by the analysis of sulphate of lan- 

thanum. estimated the atomic weight of the metal (diatomic) At 112*8. Marianne 
(Ann. Ch. Phys. [3] xxvii. 209), by a similar method, obtained a somewhat higher 
number, viz. 9408. Holzmann (J. pr. Chem. lxxv. 321), from the moan of his 
analyses of tho sulphate and of the iodate, obtained the number 92-8; and R. Her- 
mann {ibid. Lxxxii. 385), from his analyses of the carbonate, sulphate, and chloride, 
obtained 92*88. Moaander’s determination may, therefor*, bo regarded M fully 
confirm od. 4 

LANT HAN UM, F1VOXXDI OF. Sulphate of lanthanum forms, with fluoride 
of sodium, a white fiocculent precipitate, sparingly soluble in hydrochloric acid. 
(Hermann.) C* 

bANTBANTTM, OXIDES OF. Lanthanum forms two oxides, viz. a protoxide, 
IaiO, and a peroxide., the composition of which has not perhaps been exactly 
ascertained. 

The protoxide is obtained by igniting the hydrate, carbonate, or oxalate, first in 
contact with the air, afterwards in contact with the reducing gases of the flame. It then 
forms white lumps having the same texture as the peroxide, and a specific gravity 
of 5*94. Wheu exposed to the air, it takes up water and carbonic acid, and in contact 
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with water is contorted into the hydrate, I;sH*0 2 , which is a soft white powder 
resembling slaked lime. By precipitating a salt of lanthanum With potash or soda, the 
hydrate is obtained as a bulky, translucent precipitate, which rapidly absorbs car- 
bonic acid. Both the hydrate and the anhydrous protoxide dissolve easily in acids, 
without evolution of gas. 

The peroxide, said to have the composition La^O 65 or 64LaO.O, is obtained by 
igniting tna Carbonate, oxalate, or nitrate, in contact with the air. It is a light brown 
or brownlsh^grey substance, which dissolves in sulphuric, nitric, or acetic acid, with 
evolution of oxygen, and in hydrochloric acid with evolution of chlorine. 

&AJTTB.AJrtntff v OXVCHLORISfi Or, La 4 Cl 2 O s = LaCl 2 .3LaO, remains on 
heating the hydrated chloride (p. 469), and after washing with water, forms a white 
powder, insoluble in wator, but dissolving slowly in hydrochloric or nitric abid. 

LANTHANUM, OXTOSN-SALTS OF. The solutions obtained by dissolv- 
ing either of the oxides of lanthanum in acids, are colourless and have an astringent 
taste. Most salts of lanthanum aro soluble in water ; but the carbonate, borate, and 
phosphate are insoluble. Lanthanum lias a great tendency to form basic salts, by pre- 
cipitation with ammonia for example. Many of these salts, the basic nitrate and 
chloride (oxychloride) for instance, run through the filter as milky liquids during 
washing. If the precipitate bo boiled, the whole runs immediately through the filter; 
but if it be left in the moist stato for a few days, it is converted into a neutral salt, 
which dissolves in water, while carbonate of lanthanum remains on the filter. Sulphate* 
of lanthanum resembles the corresponding salts of cerium and didymium, in forming 
with sulphate of potassium a crystalline double salt, sparingly soluble in pure water, 
and quite insoluble in water saturated with sulphate of potassium. 

XufliN THANUM, SULPHIDE OP, LaS, is obtained by igniting the metal 
in vapour of sulphido of carbon, as a yellow powder, which is decomposed by water, 
with evolution of sulpliydric acid, and formation of the white hydrate of lanthanum. 
The sulphido may also bo obtained by igniting the oxide in vapour of sulphide of 
carbon, or by fusing it with sulphide of sodium ; but it is then of a fiery yellow colour, 
and when examined by the microscope, is seen to be made up of fine crystals. 
(Mosander.) 


LAFATBZP. Tlie name given by Buchner and Herb erg or (Hep. l’harm. 
xxxviii. 337), to a substance which they obtained in a very impure state from tlie root 
of Rumcx obtvsifolius (the officinal Radix lapathi acati ) : it has since been shown to 
be identical with chrysophanic acid (i. 958). 

LAVX8 LAKULI. Ultramarine. Lasurstrin .— A silicate of sodium, calcium, 
and aluminium mixed with a sulphur-compound of sodium. It occurs sometimes in 
rhombic dodecahedrons, with imperfect dodecahedral cleavage, but more commonly 
massive and compact. Hardness = 6 5. Specific gravity = 238 to 2*45. Lustre 
vitreous. Colour rich Berlin or azure blue. Translucent to opaque. Fracture uneven. 
Before the blowpipe it fuses to a white glass, and if calcined and reduced to powder, 
loses its colour, and gelatinises in hydrochloric acid. With borax, it effervesces ami 
forms a colourless glass. 

Analyses: — 1. From the East: a. Klaproth {Ihitrage, i. 189); b. L. Gniolin 
(Schw. J. xiv. 329) ; c. Varrentrapp (I*ogg. Ann. xlix. 515) ; d . Kohler {Ram- 
mdsber^s Miner alckemie, p. 710); r. 8 e h u 1 tz ( ibid. ). — 2. From Vesuvius: L. Gm el in 
(loe. n't.). — 3. From the Andes: a. Field (Chem. Soc. Qu. J. iv. 331); b. Bchult* 
{loc. ait.) 
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Show that lapis lazuli is not a mineral of definite ^ co nstitutio n, hat 
i which is corroborated by its appearance and physical iffj jp fcpr * " 
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Is, therefore, useless to attempt the calculation of a formula from the analyses. On 
examining thin slices of the mineral under the microscope, the blue colouring matter is 
seen to be distributed amidst a white ground. The composition of artificial ultra* 
marine renders it probable that the colouring matter of the natural mineral is either 
a polysulphide of sodium, or a compound of the protosulphide with a polythionate 
of sodium. . • 

Lapis lasuli is usually found in granite or in crystalline lime-stones. It la brought 
chiefly from China, Siberia, and Bucharia ; the specimens often contain scales of mica 
and pyrites. On the banks of the Indus, it occurs disseminated in a greyish limestone. 

The richly coloured varieties are highly esteemed for making costly vases and orna- 
mental furniture ; it is also employed in the manufacture of mosaics, and when pow- 
dered constitutes the rich and durable pigment called ultramarine (g.t>.) 

LAPIS OILAKIB or Potstone is a coarse granular dark-coloured variety of 
steatite. 

larch. See Lasix. 

I, ftRPFW* t - t - TTB A borate of ammonium occurring at the lagoons of Tuscany, 
as a white efflorescence composed of microscopic crystals. It contains, according to 
Bechi (Sill. Am. J. [2] xvii. 130), 68 55 per ccut. boric anhydride, 11*73 oxide of 
ammonium, and 18-32 water, agreeing nearly with the formula (Nli 4 )' ,r 0.4B*0\4H a 0. 
It is soluble in water, and the hot solution yields another salt, composed of (NH 4 ) a O. 
6 B s 0 3 .9H*0. 

LARDZTB. A variety of talc (q.v.) ; also syn. with Aqalmatoi.itb. 

LARIZ IUROPJEA or Pinu & Ixtrijr. The Larch tree. The young branches of 
this tree exude a kind of manna, from which Bert helot has obtained a fermentable 
sugar called melezitose (g.v.) The bark contains a peculiar acid, to be described in 
the next article. 

X^AJtXXnrXC ACXX>. C ,0 H ,# O\ (St on house, Phil. Trans., 1863, p. 53; Proc. 
Boy. Sue. xi. 405.) — A volatile crystal Usable acid contained in. the bark of the larch- 
tree, most abundantly in that of the smaller branches of trees from 20 to 30 years 
old. It is obtained by exhausting the bark with water at 80°, evaporating the extract 
to a syrup and distilling in vessels of glass, ]K>rrehtin, or silver. The acid which passes 
over crystalli-es, partly on the inner surface of the receiver, but the greater part is ob- 
tained in the crystalline form on ovajxmiting the distillate. The brown-yellow crystals 
thus obtained are purified by recrystallisation and sublimation. 

Sublimed larixinic acid forms crystals resembling those of benzoic acid, often 
an inch long, and having a brilliant silvery lustre ; they are mo nocJi nic and usually 
occur in twins. The crystals deposited from water are also monoclinie. The acid 
sublimes at 93°, melts at 153°, often volatilises with vupour of water, has a slightly 
bitter astringent taste, and smells like camphor or naphthalene. The crystals catch fire 
readily, and burn with a bright flame, leaving no residue. The acid reddens litmus 
slightly, dissolves in 87'9 pts. water at 60 J , more easily in boiling water and in alcohol , 
sparingly iii ether . Nitric add converts it into oxalic acid. When treuted with 
hydrochloric acid and chlorate of potassium it does not yield chloranil. 

The aqueous solution of larixinic acid is precipitated by baryta-water , forming an 
easily decomposible precipitate which contains 34' 9 per cent, baryta. The acid is not 
precipitated by lime-water or sugar-lime , or by lead-, or silver-salts ; neither does it 
reduce the metal from the latter on boiling. Ferric salts produce, even in dilute solu- 
tion of larixinic acid, a characteristic purple-red colour. 

T.arixinate of potassium forms flat red-brown crystals which become darker on re- 
crystalliaation, and are decomposed, even by carlsmic acid. 

Larixinic acid is not found in the bark of Aides excelsior, or Pittas sylvestrit, 

LA1XO BTXTB. Syn. with Wavellitb. * 

ZA8URZT1. Blue carbonate of copper (i. 783). 

LABTLZO AOXD. C*H*0*. An acid whose phenyl-ether, 
is produced, together with hydrochloric acid, by the action of oiycblort ds^ yiotH 
phorus in excess on salicylate of sodium. When the temperature rises huea||mseid 
liquid passes orer. which, on standing, deposits tabular crystals of the 
leaving a mother-liquor which smells of hydrate of phenyl. (Kolbe ana ts - 
n»ann, Ann. Ch. Fharm. cxv. 157.) j#* 

lATSEXTS (from later , a brick) is a name applied by Indian geologists to • 
formation common in Ceylon and India, and consisting of reddish clay, more or leas 
hardened, and enclosing nodules of quartz : the Cingalese call it cabook. Tree laiofifto 
i* a hard, dense, almost jasper-like, reddish or brick red rock, consisting of hardened 
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clay enclosing quarto-crystals. A second variety, which is most common in Ceylon, is 
softer, may be cut tfith the knife, but hardens on exposure to the air. A third kind is 
sedimentary or breccia-Uke, consisting of quartz-nodules loosely embedded in clay, and 
has been produced by disintegration of true laterite, which appears to be itself a product 
of the decomposition of granite or gneiss containing hornblende. (Jahresber. 1853, 
p. 392.) “ 

ZiATBX. A juice which circulates through plants by means of a set of vessels 
called the laticiferous tissue or cinenchyma, and coagulates into a gelatinous substance 
called cambium, which precedes the formation of oells. The descending juice is, 
according to Fr6my, a mixture of several liquids, some of which contain vegetable 
secretions, while others serve for the development of vegetable organs. In 
those parts of the vegetable organism which are in process of development, there 
exists a kind of juice called by Fr<$my, the albuminifcrous latex , which closely re- 
sembles the young organs in chemical composition, and forms the material for ths 
production of the cambium. Under favourable circumstances, this juice may be 
obtained tolerably pure by making a slight incision into the growing tissues just below 
the epidermis. This juice — which is obtained with essentially the same properties from 
the leaf-stalks of Colocasia odora t and the banana tree, the stems of Stephanotis and 
Tanghinia , the roots of the arum, and the parenchyma of the gourd— coagulates com- 
pletely when heated, or on addition of a trace of nitric or tannic acid. It usually 
exhibits the alkalinity of serum or of egg-albumin ; leaves, when dried up, a residue 
consisting almost wholly of albumin (in fact it is as rich in albumin as blood-serum or 
milk), and yields ash consisting mainly of alkaline chlorides and carbonates. (Fremy, 
Compt. rend. li. 647.) 

IATBTSVS ANOUSTZFOIIUS. In the seed of this plant, Reinsch found tin 
uncrystallisablo bitter substance, vegetable fibn 1 , starch, legumin, vegetable albumin, 
gum, salts, a fixed oil, a resinous and a waxy subslanco. 


LATROBITE. Syn. with Anortiute. 

LAUMONTITE. I.aumonite , Jjomonite , Efflorescing zeolite— A hydrated silicate 
of calcium and aluminium, occurring in monoclinic crystals, in which the principal axis, 
<&thodiagonal and elinodiagonal aro to one another as 0*516 : 1 : 0*8727, mid tlio 
inclined axes make an angle of 68° 40 . Angle ooP : gdP = 86° 16 ; oP . (Pec ) = 
151° 9'. Observed planes oP . coP . ( zcVoo ) . + P . -P . -2Poo . Cleavage per- 
fect parallel to ooPoo , also to ooP. The mineral occurs also in columnar, radiating, or 
divergent forms. Hardness = 3*5 to 4. Specific gravity = 2*29 to 2*36. Lustre 
vitreous, inclining to pearly on the cleavage-faces. Colour white, passing into yellow 
or grey, sometimos red. Streak uncoloured. Transparent or Translucent ; becomes 
opaque, and usually pulverulent on exposure. Fracture scarcely observable, uneven. 
Not very brittle. Before the blowpipe it intumesces and melts to a frothy mass; 
forms a transparent bead with borax. It. gelatinises with nitric or hydrochloric acid, 
but is not affected by sulphuric acid. . ... 

Analyses', a. From Phipsburg, State of Maine (I)ufr^noy, Ann. Min. [3] vm. 
303. — b. From Courmayour, Savoy (Dufrenoy, ibid.).—c. From Skye (Conn cl 
Edinb J. of Sc. 1829, p. 252).— d. From Huelgoet, Bretagne (Malaguti and 
Durocher, Ann. Min. [4] ix. 325).-c. Red variety from Upsala (Berlin, Pogg. 
Anu. lxxviii. 415).—/. From Port George, Nova Scotia (IIow, Sill. Am. J. [2] xxvi. 
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These analyses lead to the formula Ca0.Al 2 0 s .4Si0 3 + 4H*0 (requiring 51 '68 SiO*, 
£1*61 A1*0% 11*78 CaO, 15*08 H ? 0), or Ca"(Al*)’ r Si 4 0 ,, .4H*O, which is reducible to 
that of a hydrated metasilicate, R a SiO*.H*0. ^ 

Laulhoutite occurs in the cavities of amygdaloid, also in porphyry and syenite, and 
nprjujiyifrnllT with ealespar, in veins traversing clay-slate. Its principal localities are 
in The raroe Islands, at Diako in Greenland; at Eule in Bohemia, in clay-slate on the 
St. Gothard, and in large masses in the Fassa valley ; at Hartfield Moss in Renfrewshire, 
accompanying analcime ; in the amygdaloid rocks of the Kilpatrick Hills near Glasgow ; 
and in several trap- rocks of the Hebrides and the north of Ireland. Fine specimen* 
axe found at Peter’s Point, Nova Scotia; it is also abundant in many places in tl*« 
^ieoppor- veins of Lake Superior, and in several other localities of North America. 
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Laumontite is remarkable for the facility with which it gives up its oombiued 
water, in consequence of which it is often found opaque and friable. This c hang e 
may be prevented in cabinet specimens by dipping them in a thin solution of gum* 
arabic. According to Malaguti and Durocher, it loses 2 26 per cent, water when kept 
for a month in a vacuum, and 365 in the exsiccator over sulphuric acid. In damp 
air it does not effloresce ; and the effloresced mineral, when exposed to such^an atmo- 
sphere, recovers the water which it has lost. 

Sometimes the alteration of laumontite by natural processes goes a step further, 
and carbonate of calcium is formed. A laumontite from Oberseheld, near Uillenburg, 
thus altered, contains (dried at 100°), according to Wildenstein (Jahrottbcr. 185S 
p- 734), 


SIO* A 1*0* Fe 5 O s 

CaO 

H»0 

CO* 

39*12 13*43 2*60 

26*18 

6 22 

13*46 « 100 

or, deducting carbonate of calcium : 
66*33 19*34 3*73 
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It has therefore been converted into a mixture of laumontite containing only half 
of the original quantity of water, with carbonate of calcium and a small quantity of 
free silica. 

Laumontite likewise occurs more or less altered to orthoclase (C. Bischof, Ham- 
vulsberg's Minvrakhcmie, p. 631; Lewinstein, ibid. p. 997; Jahresber, I860, 
P- 771). 

Caporaanite (i. 741) is perhaps an altered laumontite — Schneidcritc , a zeolite from 
the gabbro of Tuscany, and containing, according to Bee hi (Sill. Am. J. [21 xiv. 
04), 47 79 per cent, silver, 19 98 alumina, 10*76 lime, 11*04 magnesia, 1*62 alkali, and 
3*4 1 water, is, according to Breithaupt, a decomposed laumontite. Berlin regards 
nh if <>r site, (ii. 361), and similar minerals from Falilun and Martenberg in Sweden, as 
decomposed laumon t it es. 

LAUREL1C ACID. A^acid obtained, according to Grosourdi (Jahresber. 
1851, p. 662), from the berri4p>f Laurus nobilis (p. 477). 

X.A.TTRXC ACID. CIFTP =, C ' j 0. Laurostraric acid. lHchuric aeidL 

( M h rsson, Ann. Ch. Pharm. xli. 33. — Sthamer, ibid. liii. 393. — Gorgey, ibid. lxvi. 
303. — Ilcintz, Pogg. Ann. xcii. 429 and 683; J. pr. Clicm. lxvi. 1. — A. C. Oudo- 
mans, Jun., J. pr. Chern. lxxxi. 356. — Gm. xv. 43.) — This acid, belonging to the 
series OH^O 2 , occurs in the fat of the bay-tree, Laura* nobilis (Marsson) ; in the fat 
<>f piclmrirn beans (Sthamer); also in the volatile oil of theso beans (A. Muller, 

•J pr. Chem. lviii. 469) ; in small quantity, together with many other adds, in Bpcrmii- 
ecti (Ilcintz); in croton-oil (Sclilippe, Ann. Ch. Plmrm. cv. 14); in tho fruit of 
Cyct/o /daphne stbiftra (Oorkom, Tydschrift af Ncerl. Indie, lxxxi. 410); in tho 
H'-called Lika bread, tho fruit of MumjiJcra aaboiintais, .together with myristic acid, 
hut unaccompanied by any other acids (Oudemans); in the ago or axin of tho 
Mexicans, a salvo-like fat obtained from Coccus Ax/a (11 oppe, J. pr. Chain. Ixxx. 102); 
ami in cocoa-nut oil (GOrgey and Oudemans). It may b« formed artificially by 
heating ethal (cety tic alcohol) with potash-lime to 276° — 280° (Heintz, Scharling). 
According to Heintz, it is produced only from mixed (crude) ethal, inasmuch as this 
substance contains lethal : 

C ,s H w O + KHO . C'HI^KO 2 + 2 IP. 

But, according to Scharling, it is obtained from the ethal itself, C l- H M 0, which, second- 
ing to him, is decomposed by heating with potash>limc, in such a manner as to yield 
►tearic, palmitic, myristic, lauric, and butyric acids. (Scharling, Ann. Ch. Phann« 
xevi 236; Heintz, Ann. Cli. Pharm. xcvii. 271.) 

Preparation . — 1. From Bay-fat. Laurostearin from commercial oil of bay (p. 476)i 
is saponified with potash-ley; the soap is separated by common salt, and its hotaqueotsf 
Kilution is decomposed with tartaric acid. The lauric acid then rises to the surface In 
the form of an oil which solidifies on cooling, and is freed from adhering tartaric acid 
by repeated fusion with water. (Marsson.) 

2. From Pickurim beans. — Laurostearin from FaJxx pichurim maj. is saponified 
with potash-ley till a clear soap-jelly is formed ; common salt is added, and the whiter 
brittle soda-soap thus produced is dissolved in boiling water, and snpersaturatSUlt 
the boiling heat with hydrochloric acid ; lauric acid then rises to the surface as a 
^lourless oil, which on cooling solidifies to a white crystalline muss. It is freed from 
hydrochloric acid by repeated washing with water, and purified by repeated crystalii- 
•ation from weak alcohol. (Sthamer.) 

*• From Cocoa-nut oil . — The oil is saponified with weak potash-ley; the soap 
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decomposed by dilute sulphuric acid, and the mixture distilled as long as fatty adds 
pass over, the water being repeatedly poured back. The distillate neutralised with 
potash \ solidMea on evaporation to a gelatinous soap, which is separated by common 
salt, repeatedly dissolved in potash and again separated with salt, to free it from the 
fatty acids which can be thus removed, and again decomposed with dilute sulphuric 
acid. It is then neutralised with ammonia; the solution precipitated by chloride of 
frljriam ; the liquid strained off ; and the barium-salts which remain repeatedly boiled 
''Ywater. The resulting solutions, as they run from the funnel, immediately deposit 
j flocks of laurate of barium, and the liquid, as it cools down, becomes turbid and 
__ ,^jsitS pulverulent caprate of barium. ^Go rgey; see also Prep. 5.) 

• ^ 4. From, Spermaceti . — The saponification of this substance yields, besides etlial 
considerable quantities of stearic, palmitic, and myristic acids, and smaller quantities 
of latttic acid. — The solution of 10 lbs. of purified spermaceti in 30 lbs. alcohol is 
boiled for some time with 4£ lbs. caustic potash previously dissolved in alcohol ; the 
' solution precipitated with aqueous chloride of barium, and strained while hot- the 
m residue pressed as strongly as possible in a warmed press, then will 

. i tei to tenad with alcohol and again pressed ; the alcohol distilled off from the solutions- 
■ tttfl residue freed from the whole of the soluble matter by repeated treatment with et her ; 
A«d the portion insoluble in ether added to the barium-salts previously obtained. In 
are obtained, on the one hand, crude ethal ; on the other, the barium-salts 
acids of spermaceti. 

.. The barium-salts suspended in water are boiled with very dilute hydrochloric 
qyQli$ till the supernatant oily layer appears perfectly clear; the fatty acids thus 
Obtained are dissolved in alcohol ; the solution is left to cool ; and the crystals which 
(Separate are pressed, first alone, then several times after being moistened with 
“alcohol ; whereby a mixture of palmitic and stearic acids is separated, while a 
portion of these two acids, and the whole of the myristic and laurie acids, remain in 
solution. 

The whole of the mixed alcoholic solutions are heated; a concentrated aqueous 
solution of acetate of magnesium is added, so as to precipitate about ^ of the quantity 
of fatty acids present; tne precipitate which forms on cooling is separated by filtra- 
tion; acetate of magnesium added to the filtrate in about the same quantity as before, 
and the same treatment repeated (the liberated acetic acid being neutralised towards 
ttr* end with ammonia), till acetate of magnesium r»o longer forms any precipi- 
tate even in presence of excess of ammonia. In this manner a number of mugn**- 
slum-salts (1?)) arc obtained, from which stearic, palmitic, and myristic acids 
may be separated by processes to be hereafter described in connection with those 
acid*. 

The alcoholic sulution, from which everything proripitable by acetate of magnesium 
in presence of excess of ammonia has been thus removed, still retains laurie acid, 
together with myristic and oleic acids. It is precipitated with acetate of lead; the 
precipitate is washed with dilute alcohol, dried, and freed from a small quant ity of olcate 
of lead, by treatment with ether; and the undissolved portion is decomposed by 
prolonged and repeated boiling with very dilute hydrochloric acid, whereby a mixture 
of acids melting at 39*7° is separated. Jly repeatedly crystallising this mixture from 
alcohol, as long as the separated acid exhibits a rise of molting point, laurie acid is 
ultimately obtained, melting at 43*6 , and not Capable of further decomposition by 
partial precipitation with acetate of barium, while myristic acid remains in solution. 

f intz.) 

From spermaceti or other fats containing laurie -acid, provided they are free 
oleic ucid, or this acid has been removed by th^ process to be described below*. — 
fat is saponified with alcoholic potash ; tne f ttfc y acids are separated from the 
ethal or the glycerin, as above described, and dissolved. in 10 pts. of hot alcohol; the 
solution is left to cool slowly in a cellar ; and the fatty acids which crystallise out are 
separated by filtration and pressure. The mother-liquor is diluted with an equal 
quantity of boiling alcohol and supersaturated with ammonia ; acetate of magnesium 
is added in excess to remove a certain portion of the fetty acids ; the alcohol distilled 
off from the filtrate ; the remaining salts decomposed by boiling with dilute hydro- 
chloric acid ; the separated acids re-dissolved in a quantity of hot alcohol sufficient to 
retain them in solution frfter cooling; and a concentrated solution of acetate of 
bqjg|0|L equal to about A of the weight of the fatty acids, is repeatedly added, as long 
as a precipitate is thereby formed on cooling. Tne precipitates last obtain ed* which 
contain cniefly laurie acid, are separately decomposed by boiling dilute hydiMp**® 
acid, and each portion of acid thereby liberated, whose melting point lies ab0#44H 
is separately and repeatedly crystallised from dilute alcohol, till its \ 
risen to 43*6. (Hein la.) 
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If the flit contains oleic add, it is saponified, the fettt add is separated and mixed 
w itha small quantity of hot alcohol, and the solid portions are removed by anbmtrtflf 
the cooled maas to pressure. The mother-liquor (together with the alcohol Used fbt wash 


ing the separated adds) is precipitated with ammonia and neutral acetate of lead ; the 
washed and dried lead-salts are completely freed from oleate of lead by means of 
ether; the undissolved portion is decomposed by boiling hydrochloric add; atad the 
separated fatty adds are treated as above (Hein tx). In this manner, pure lauric Si 
is easily obtained from cocoa-nut oil (which, according to Oudemans, docs not cdnT 
oleic acid). If the acids dissolved in alcohol bo precipitated in small portion# 1 
acetate of barium, the first portions contain palmitic ana myristic acids; and from 1 
remaining liquid, lauric acia may be obtained by repeated “fractional precipitation, W " 
by crystallisation in the cold. (Oudemans.) ■ * 

’ pn^perties, —Lauric acid solidifies after fusion to a scaly crystalline mass, exhibiting 
n laminated texture on the fractured surface ; from alcohol, in white, silky needles, 
unit<*d in tufts, or in prickly glandular scales. It melts to a colourless oil at 
(Heinta), 4*2°-43° (Marsson, Gdrgey), 43° (Slimmer), 4, r >° fMnller)i ^ 

(Schlippo), 43*6 (Oudemans). Tho alcoholic solution has a slight acid rriieiitHb 
Specific gravity 0*883 at 20° (Gdrgey). When boiled with water it volatilise* irii& 
the vapour. (G drgey, Oudemans.) 

It is insoluble in water , but dissolves easily in alcohol and in ether. ^ 

]5v the distillation of its calcium-salt, lauric acid is resolved into laurostcaron^lUti^ 
carlnjnate of calcium. (Overbock): . 

2C» t n* 4 o* » cwo + co i + n-o. 

I*anrates. Lauric acid is monobasic, tho general formula of its salts being 
Mt' N H f, 0*, and M"(C ,2 H 23 0 2 ) 2 . 

The barium-salt , Ba'\C l *H 2, 0*) 3 , is prepared as above described (p, 474), and cry- 
stallises on cooling from a boiling saturated aqueous solution in enow-whito flakes. 
The saturated alcoholic solution becomes filled, on cooling, with delicate crystalline 
spangles, which, after drying at 100°, resemble cuprate of barium (Gorgcy). It If 
wetted by alcohol and ether, but not by water (Gdrgey). Dissolves in 10,884 pt*. of 
water at 17*0°, in 1 982 pts. boiling water , in 1 ,4GB pts. cold and 211 pis. hot alcohol 
(<i drgey). Decomposes before melting. (ITointz.) 

The calcium-salt is a white precipitate, obtained by mixing the solutions Of laojrttt# -■ 
if sodium and chloride of calcium. 

The A ad salty Pb”(C ,2 H 2t 0 2 )*, forms a snow-white, loose, amorphous powder(ITei ntf)> 
minina*, having a beautiful nacroous lustre (M tiller). It melts between 110° and 
120°, and solidifies to a dull, amorphous muss (Hointz); molts below 100° tan 
enh airless liquid, which solidifies in tho crystalline form on cooling (M filler). It Ifc 
insoluble in water-, insoluble in cold, sparingly soluble in boiling alcohol. (Muller.) 

The co/rper-salt, Cu'^C^H*^ 1 ) 3 , is obtained by precipitating tho hot alcoholic solution 
of the aqueous sodium-salt with aqueous sulphate of copper. 

The silrcr-salt, AgC ,J H t:, 0*, obtained by precipitating tho solution of the sodium- 
salt in weak alcohol with nitrate of silver, is a white powder, consisting of slender 
microscopic noodles (Heintz). It dissolves easily in ammonia, and crystal linos from 
the hot concentrated solution in very small needles (Marsson). It is scarcely or not 
ut all altered by light, but decomposes before fusion when hen tod. (Heintz.) 

I he sodium-salt , NaC ,2 H 2, 0 2 . prepared by nearly saturating a boiling solution of 
pure carbonate of sodium with lauric acid, evaporating over the water-bath, dissolvio 
the remaining soap in alcohol, and evaporating the filtrate to dryness* forms a wlT* 
powder, whose alcoholic solution solidifies on cooling to a white opaque jelly. ^ 
aqueous solution becomes turbid when largely diluted with water. 

1TBBS8. Lauratc of Et hr/ 1, C ,2 H 2 *0 2 .0 V H\ is prepared \*y passing 
hydrochloric acid gas into an alcoholic solution of lauric acid, adding water, which 
separates the ether, washing first with alkaline, then with pure water, and drying over 
chloride of calcium. It is a colourless oil, having a fruity odour and sickly taste, 
Specific gravity 0*86 at 20° (Gdrgey). • Crystallises at 10°. Boils at 260°, when the 
k^roneter stands at 760 mm. (Delffs); at 264°, with partial decomposition. 
<G«r e «,.) 

* ^ponr-density by experiment 8*4 ; by calculation (2 voL) — 7 9. 

laurate of Glyceryl, or Laurostearifi. C^H^O* [or father, perhaps, 

— H.(oS^»oyi [ G*], — This fatty body ia found in the berries of the sweet bay-tree 
(Marsson); also in cocoa-nut oil (Gdrgey), and in pichurim beans. 

hamer.) 

— I. From the berries of the Bay-tree.— These berries are treated with 
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boiling i 

nnpamtr i o 

tb S+paratea resinous substance which aocompanfesit; and the remaining laurostearia 
tig Mjafled By repeated crystallisation from alcohol. It is thus obtained perfectly pu^ 
^- 2 . Prom Ommercial Oil of Bay , — The oil is exposed to sunshine on porcelain platei 
with mas shades, whereupon the green colour soon disappears, and brown 
^'bunps ox laurostearin separate from the mass of fat melted py the sun’s lu*at- 
^ ' » separated By filtration, dissolved in alcohol, and obtained of a pure white by 
f on dr by precipitation with water. (Bolley.) J 

, n Pichurtm beans ( Fab a pick u run major .). — The beans are exhausted with cold 
j^which extracts volatile oil, pichurim-camphor, resin, a buttery fat, and a brown 
; matter); and the exhausted beans are boiled with alcohol of 81 percent, 
i between hot plates. The expressed liquid, as it cools, deposits pale yellow 
n.only a small quantity of that substance remaining dissolved in the alcohol, 
fa purified by washing with cold alcohol, pressure, and recrystallisation from ether- 
alcohol. {Sth am er.) 

Ljjjpostearin forms white needles having a silky lustre, melting at about 44°, spar- 
ingly soluble in cold alcohol, moderately soluble in boiling alcohol, very soluble in 
ether. By dry distillation, it yields acrolein. When treated with alkalis, it is resolved 
into glycerin and lauric acid. 

Laurostearin gives by analysis 7319 to 73*53 per cent- carbon, and 11-45 to 1168 
hydrogen, agreeing nearly with the formula C 2; IP°0 1 (calc. 73*97 C, 11*41 II, and 
14*62 0), according to which, laurostearin contains tlio elements of 2 at. lauric acid 
>+ 1 at. glycerin — 3 at. water : 

2C ,a H 5M 0* + C a Il H O a - 31I 2 0 » C 27 H i0 O*. 

This, however, does not agree with the constitution of the normal glycerides (ii. 878), 
Perhaps, therefore, the true formula may be C* 7 II 52 O s — 20 ,a H* 4 0 a + C a II K 0" — 211*0 » 

wwt ) 

XAURIN. Bay-berry Camphor. — A substance discovered by Bonastre (J. Pharm. 
bn 32) in the berries of the bay-tree, and further examined by Marsson (Ann. ( h. 
Pharm. xli. 329) and Delffs {ibid, lxxxviii. 354). It is prepare<l by boiling the 
wkiuped and pounded berries with alcohol of 85 to 90 per cent., filtering at the boiling 
t,' and leaving the liquid to itself for several days, Laurostearin is then first dejn,- 
I; and on filtering again and leaving the liquid to evaporate, lnurin is deposited in 
contaminated with a viscid oil, from which they may be freed by pressure 
een paper and recrystallisation. 

thrill forms crystals belonging to the dimetric system, destitute of taste and smell, 
Igluble in water, very soluble in alcohol, even in the cold— also in ether. The sol li- 
ps are neutral to test-papers. Luurin does not dissolve in alkalis. 

^ According to the analysis by Delffs, laurin contains —77 1 per cent, carbon, ami 
86*92 hydrogen, numbers agreeing approximately with the formula C'-ll^O*. 

Laurin cannot be distilled without decomposition. Its alcoholic solution is not 
precipitated by acetate of lead or nitrate of silver. 

XAVROVB. C 2, II ‘*0 = C^H^O.CII 23 ? Laurostraronc. — A substance produced 
bv tho dry distillation of laumte of calcium. It crystallises from alcohol in shining 
plates, which melt at 66°. It becomes electric by friction. Gives by analysis 81*42 
and 81*04 per cent. C, and 13*82 — 14*10 H, agreeing dearly with the preceding formula 
(81*65 C, 13*61 H, and 4*74 O), which is that of jhe acetone of lauric acid. (Over- 
beck, Pogg. Ann. lxxxvi. 591.) 

LAUROSTSARIN. See Laurate of Glycbryi, (p. 475). 

&AVRV8 CAMFBOSA, OXZ. OF. See i 729. 

LAVRU8 NOBILZ8. Tho Sweet Bay-tree.— The fruit of this tree baa been 
analysed by Grosourdi (J. Chim. m£d. [3] vii. 257, 321, 385; Jahrcsber. 1851, p. 562> 
He finds that, in the fresh berries, the pericarp constitutes nearly a third of the entfa® 
weight ; the kernels, freed from episperm, make up more than half the weight of tha 
mmS,; and the epfaperm amounts to rather more than ^th of the weight of the fresh 





>100 pts. of the dried berries yielded 0 86 silica, 0*12 carbonate of calcium, 0*1$ oxides 
of iron and manganese, 0*53 carbonate of potassium, 0*07 sulphate of ppj^iipinii^ 0*1$ 
chloride potassium: in all, ■». 1*75 per cent. ash. 

The composition of the entire fre&h frmygpartearp and kernel (cotyb 
in the foIlowifl|gJ||h^^ 



• LXyal^l^OLITE. 

'A- .v.;*-',. 

OomponHm^ 


Water • • • • 

Starch . 

Lignin . • • • 

Oil of kernels 

Oil from pericarp . 

Stearolaurin^ 

Stearolauretin 

Pectin or Poetic acid . 

Resin . . • 

Plneosin or Phmosic acid 

Murin .... 




Pericarp 

47-417 

32*850 

4*724 

0*210 


2772 

2054 

3318 


Unerystnllisubl© sugar 


4 301 


Lauretin 
J .nun-tie acid 
Albuminous matter 
Colouring matter . 
Volatile oil . 


0 650 
0*200 
1*610 
0005 
100*120 


m 


Kernel. Entire Aset 


39539 

48916 

37*827 

21*929 

7-7841. 

, 20*526 

5*976 

3*37T| 

. c #*•- ■ 

> * 

1*560? 


0*068$ 

6*180 

0*04T 

t # 


* , 

O-Mtg 

5*685 " 

5-$4)P 

1*428 

0 8^ 

1*003 

2*080 

0 120 

0*000 

0 360 

0*403 

0*110 

0*32<fc 


0*488 

traeo 

trace 

100*0 10 

100*729 


Jjourelie acid was obtained by treating the pericarp with water, precipitating the 
pectin with alcohol, evaporating the alcoholic liquid, dissolving the residue hi water* 
precipitating the aqueous solution with nitrate of lead, and decomposing tho precipitate 
with snlphydric acid. *■ ■ ■ 

$t< amlaurin (? identical with Inumstrarm) is tho solid fat which gradually separata* 
at 10° from the warm-pressed oil of t he pericarp. — Vlucosin or Pfuroaic arid is a brown 
substance extracted by carlxuinto of sodium from the pericarp, exhausted successively 
with water, alcohol, and ether. 


LAVA. See Volcanic Products. Si> : - 

LA VEWPBA, OIL OT. Lavender (Lavandula Spica, L.) yields a yellowish 
v< >!:it ile oil, having a strong but agreeable odour, and an acrid aromatic test*. It- 
rttiib-na litmus, and contains, in variable proportions, a crystalline substance having th*c ■ 
composition of common camphor (Dumas). The liquid portion of tho oil itpjfotre to >; 
be mainly com [Mined of two substances, one of which has tho compoaition oft” 
t m-jM-nt ine. ((lerhardt, Traite. , iv. 336.) 

LAVENDVLAN. An amorphous mineral from Annaberg in Saxony, m 
appears to In* nu arsenate of cobalt, mix<*d with the arsenates of nickel and copper^ 
h.is a greasy lustre, inclining to vitreous. Hardness 2*6 to 3. Specific grav 
3-014. ” Uofour lavender- blue. Streak paler blue. Translucent, bract uro 
dal. Melts easily before tho blowpipe, colouring tho flame blue, and becott 
crystalline on cooling. (Rreithaupt, J. pr. Chem. x. 505.) 

LA1VLXTE. Aznritc. Azure-stone. llluc. Spar. VorauliU. Klaprothin.~ 
hydrat<*d phosphate of aluminium, magnesium, and iron, occurring in monoclinic 
pyramids, w ith truncated summits and several secondary faces. The inclined uxes make 
an angle of 88° 15'; and the principal axes, orthodiagonnl and elinodiagonal, ure to one 
another as 0 86904 : 1 ; 1*0260. Angle <»P : or.P « 91° 30'; oP : Pc* ~ 139° 46'. 
Observed faces, + 2P« , -2Poo, - 2P, oP, + 2I\ ~P, and others. Twin-crystals 
also occur with face of composition ocPoo. Cleavage lateral, indistinct-. Ihe mineral 
also occurs massive. . 

Hardness ~ 6 to 6. Specific gravity =» 3 067 (Fuchs); 3*067 to 3*121 (Prfifer); 
3*122 (Smith and Brush). Lustre vitreous. Colour nzurc-blue, commonly of * flu* 
deep blue when viewed along one axis, and a pale greenish-blue along another. . 

When heated in a tube, it gives off water and turns white. Before the blowpipe, it 
colours the flame faint green, swells up, becomes tumid, but docs not melt ; gives a 
fine blue colour with cobalt solution. 



Ra ra - 
tzburg 


Analyses. — a. Light blue from Krieglach in Styria : mean of two analyses (j 
melsberg, Minerafehemir, p. 340). -i. Light blue from near Werfen in Sal 
'Fuch*, Schw* J. xxiv. 373). — <?. Dark blue from the Fischbacb Alp in Styria: meau of 
two analyses (Ram melsberg, hoc, cit.).—d. Dark blue from Sinclair County, North 
Carolina (Smith and Brush, Sill. Am. J. [2] xvi 365). * 


, -ft; 


p*o» 

44 16 
42*70 
42*68 
42*76 


Al 7 0* 
33 14 
36*50 
32*80 


MgO FrO 

12*62 1*77 
964 2*70 

0*T 1^*11 


CsO 

1*63 


Ml 


H*0 

688 - 100 
619 - 97*68 

6*04 «** 100 

m # W^6 



niimMn 

U*0*.?*0»+ 8H*0. The darker 
MrfWhti* , 

Msmito occurs in narrow veins' 
hladming an4 RSdelgraben, near 
ove mentioned; also at Tijuco inMin 

T A i.. V i L A 1 ; 



jornnia, [3(Mg;Fe)"0.P*()n 
**** proportion of iron than the 


mount, Lincoln County, North Carolina* ana, Ti. 405.) 


iy-slate, in the torrent beds of 
ltzburg, and the other localities 
Spzil, It is abp|dant at Crowder s 


Synonyms: Blei ; Plomb ; Plumbum; Satumum . Symbol, Pb, Atomic 
weight, 207. " 

»etal does not often occur in nature in the metallic state; but of all the in. 
mane## in which it is recorded to have been found native, the most trustworthy am 
those in which it was discovered among volcanic products. 

- The colour of lead is bluish-groy ; and when it is cut, the fresh surface has con- 
siderable lustre ; but this brilliancy disappears in a short time, in consequence of the 
formation of a thin crust of suboxide. 


The lead of commerce is nearly pure, as shown by the analyses given at p. 604 ; the 
impurities, often present in very small quantities, are silver, copper, antimony,' and 
sometimes iron and manganese. 

Lead is very soft, is easily cut by a knife, and may be scratched by the nail. Jt 
readily receives impressions, and leaves a streak on white paper. It is very malleable and 
ductile, and is capable of being rolled into thin sheets or drawn into wire. It occupies the 
sixth rank among metals as to malleability, and the eighth rank as to ductility. Rolled 
lead „s more ductile than cast lead, in the proportion of 7 to 5. Its malleability and 
ductility are much affected by the presence of impurities, especially by the oxide of 
lead, which it dissolves in small quantities in the melted state. 

.It. is very deficient in tenacity ; a wire 0 f an inch in diameter does not support 
In this respect, rolled and cast lead are precisely alike ; but with the latter, 
‘ ifcture takes place at once, and the ends are clean and granular, 
d begins to melt at 325° C., and is completely fused at 336° C. (036° F.); at a 
ut, it gives off vapours. At a temperature of 50° P., it loses *006 of its weight 
‘tarcoal-lined crucible, which increases to 09 as the heat rises to 160° 

I galena loses 3 71 per cent. 

J'&tyllises in regular octahedrons. Mongez obtained it in four-sided pyramids 
|,cooling; and Marx procured it in fern-like forms, similar to those in which 
honiac crystallises, by allowing a considerable quantity of melted lead to cool 
ilf had solidified, then piercing the crust and running off the fluid portion. By 
^•electro-chemical action of zinc in a solution of acetate of lead, it is deposited in an 
v fluorescent form, known under the name of Saturn's Tree. Landrin states that, in 
.*826, he noticed, in a deep mine in Cornwall, cubical crystals of lead which had hern 
deposited on the miner’s tools, and had been entirely oxidised. The presence of silver 
interferes with the crystallisation. 

Lead emits a dull sound when struck with a hammer; but when cast in the form «»f 
a mushroom, it becomes sonorous. 



The specific gravity of lead is, according to Kupffer, 11 3305; Brisson and Hem* 
path, 11*862 ; Morveau, 11*368; Karsten, 11*3888; according to Berzelius, when iu a 
state of purity, 11*445. 

Its specific heal, according to Cooke, is 0*031400. It is an inferior conductor of 
heat and electricity. 

Lead is pyrophoric in a state of flue division. It is usually obtained in this state 
by heating tartrate of lead in a glass tube as long as any fumes are evolved, when the 
tube is sealed by a blowpipe. On breaking the tube after cooling, and scattering the 
powder in the uir, it will burn with a ml flash. £ 

When lead is melted in contact with the air, surface is rapidly coated with an 
iridescent pellicle, which then passes into a yellow oxide. When the temperature is 
high enough to molt the oxide, it is absorbed by the lead, which loses its lustre and 
ductility : it becomes brittle, and all the faces of the fracture are dull. It recovers all 
its original properties by refusion with charcoal. 

The action of air and water on lead has been carefully studied by Prof. Miller, fro® 
whose account of their combined action we give the following particulars: — This metal 
undergoes no change in a perfectly dry atmosphere, nor when sealed up in contact with 
•pure water from which the air has been expelled by boiling. It is, however, subject 
to a powerful corrosion when exposed to the combined action of air and purs water. 
The surfiice of the lead then beoomes oxidised, the water dissolves the oxide, and this 
olution ahgprbe carbonic acid, when a film of hydrated carbonate of lead, 2PbHOJ > b , CO a . 

silky scales. Another portion of oxide is formed, which is dissolved by 
rapid corrosion of the metal ensues. This action is materially 
m od ifld jwhcn various salts exist in the water, even when their quantity does not 


i 
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I» increased by iba pmw m -<f»- 
»phatee, and carbonates, tfc* osft* 
iaae salts in solution. Addcarbo- 
tenoe ; and in consequence ofthe pr*~ 
aot act on lead to any serious extent, 
the surface of the metal, and protesting 


exceed 3 or 4 grains in 

chlorides and nitrates, but 

of lead being scarcely soluble#* 
nate lime is remarkable tbr its" 
seoce of this salt in most spring 
a film of carbonate of lead being^sposil 
it from fruther aatien. ••'*v 

The action of wrier on lead is very important in a sanitary point of view, as this 
metal is so constantly employed in making cisterns, pipes, &e, for domestic purposes. 
Ruin -water from the roofs of houses, especially in towns, is sufficiently impure to prevent 
its action on the metal. The most insoluble salt of lead is the hydrated oxycarbonato 
(p. 478) which is only soluble to the extent of about 1 pt, in 4 millions or one-sixtieth of 
h grain per gallon of water. When a solution of lead is exposed to the air, silky crystals 
of this hydrated oxycarbonato are formed, and in a few hours the water does not con- 


» than J 


• of lead in solution. Water, however, which contains much 


carbonic acid in solution, is very dangerous, as it dissolves the carbonate of lead. When 
such water is boiled, the carbonic acid escapes, and the carbonate is deposited. Water 
lias generally so much action on legd, that slate cisterns are much safer than those 
made with lead. 

The non-oxidising acids do not act upon lead, except when in contact with the air, 
as already explained in the case of carbonic acid. Kitric acid easily acts on lead, even 
in Lhe cold, forming protoxide, which is then dissolved. Strong sulphuric acid converts 
the lead into sulphate, when the acid is heated to the lx iling point. Hydrochloric acid 
has little or no action, but aqua regia converts the lead into chloride. When arsmic 
or arsrnious acid is heated with lead, arsenite and arsenide of the metal are formed. 

Lead is readily oxidised by cupric oxide, which is at the same time reduced bGrtfho 
state of cuprous oxide: it also partially reduces the cuprous oxide, but tho oxid" ** 
h ad which is formed retains a portion of the oxide of copper in combination f** 11 
v* ntM any further action on the metallic lead. 

y itre acts rapidly on lead at a high temperature, forming a fusible comp 
protoxide of lead and potash. The acid \ sidphat* s also oxidise this metal ; 1 
neutral sulphates and the alkaline carbonates have no action. 


Sulphur, sehninm, 
1/cad also alloys wit] 


phosphorus, nnd arsenic combine directly with lead, 
most of the metals ; but only imperfectly with copper, 


cerium, cobalt, nickel, and iron. 


Extraction of Lrad. 



Historical Sfotloes. Tho most abundant and valuable ores of lead p o UOI I 80' 
inn uy properties likely to attract the attention of uncivilised nations, that it not 
surprising tu find early mention of this metal. Some authorities think tlmt allusion 
i* made to its metallurgy in tho Hebrew' word op her, in reference to the powder pro- 
duced by the formation of the oxide on molten lead. The earliest mention of lead if 
in the well-known passage in the Hook of Job; and it is again named as one of tli# 
spoils taken from the Alidianites in the H*>uk of Numbers. It is also probable that 

f alena was used as a glaze for earthenware in the time of Solomon, from lhe notice in 
*roverbs xxvi. It was also one of the articles in which the Phrenicians traded, and 
which they may haf* obtained, in part at least, from this coui-try. It was used in tho 
bunging gardens ofEabylon, the level of each terrace being covered with sheets of solid 
lead. 

I ho Romans also worked the ores of this metal both in Spain and in this country. 
In tho former country, the extent of tho Carthaginian mining and smelting operation* 
excite our surprise in the present day, and the slags left by them have been re-smelted 
on a large scale within the last twenty years, while lead cast in Roman moulds , 

in fact, of the age of Hadrian and other emperors— have been found in Flintshire, 
Yorkshire, and other localities. , 

The methods of obtaining the lead from its ores have not undergone any great change, 
the smelters haying adopted the reverberatory or blast furnace as they found th o on e 
or tho other more suited to the character of the ores of each localily. The.ono groat 
improvement in the metullui^gic treatment of this metal is Pattinson s desilvensing plan, 
*hich has been followed by the softening process for the hard leads of commerce, e»- 
pecially those of Spain; and we may remark that the only other addition to the sncieot 

methods has been the condensation of the lead fume. ,, . • 

Tbs Oist of Lsad* Lead is seldom found native, but there aid • 
twenty ores of this metal known to the mineralogist. Those of practical 
however, are very fbw in number, and all tho lead of commerce may be •4l»-'W J t>e 
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procured from Are minerals, viz. the carVonate* sulphate, phosphate, ar senate 
and the sulphide, the latter ore furnishing more. of this metal than all the others. 

Sulphide of Lead , or Galena , is found in the Older and more recent strata, and more or 
less, in every country of the globe. It occurs in veins in the killas of Cornwall, and in 
the mountain limestones of Derbyshire an&the northern counties. In Cardiganshire and 
Montgomeryshire, it occurs in the strata of the lower Silurian rocks ; and the chief de- 
posits of the United States are found in the rocks of the same geological ago. It fills 
veins in gneiss in Saxony ; at Sala in Sweden, it is found in granular limestone. 


Analyses of Galena . 


Locality . 

Lauenstet'n, 

Hanover. 

Prxibram, Bohemm. 

England. 

Inverted thing, 
Scotland. 

Analyst . 

Wostrumb. 

Lerch. 

Thomson. 

Robe r tBon. 

Lead 

83’00 

8180 

83-61 

8513 

84-63 

Silver 

0*08 





Iron 

, , 


. 

0-50 


Zinc 

, 

3-59 

2-18 



Sulphur . 

1641 

14-41 

1418 

1302 

13*21 


99-49 

99-80 

9997 

98-65 

97-84 


Sulphide of lead occurs also, in combination with the sulphides of antimony and 
copper, in the minerals Geocronite , Boulangcrite , Jamcsonite , JJournonitc. 

Af^Ctirbonate of Lead, or Cerusite, occurs in crystals, and in fibrous, compact, ami 
ettrthy masses. It is frequently found in lodes, and sometimes in beds in sedimentary 
limestone, generally associated with galena. It is worked in quantity near Aix-la- 
Chapelle, and in the neighbourhood of Santander in Spain. It is also found in tho 
mines of Cornwall and Devonshire, in Yorkshire, at Loadliills in Anglesey, and at 
Seven-Churches in Wicklow. 

Analyses of Cerusite. 


^ Locality . 

Leadhills , 
Scotland 

Ncrtxchinslc. 

Griesbrrg, in 
the Etfcl. 

Oberlahnstcin, 

Nassau. 

Analyst . 

Klaproth. 

John. 

Bergemann. 

Wl 1 den stein. 

Oxide of lend 

Oxido of iron 

Clay .... 
Water .... 
Carbonic acid 

82 

*16 

81-4 

15 5 

83-51 

16-49 

83-64 

16-36 

98 

96-9 

10000 

10000 

Locality . • 

Benkhausen, 

[ Westphalia. 

Pheenixville , 
Pennsylvania. 

Van^ 

FranW. 

TeesdaU , 
England. 

Analyst . 

Schnabel. 

Sm 1 til* 

Berthier. | 

Phillips. 

Oxide of lead 

Oxide of iron 

Clay . . . . 

Wuter .... 
Carbonic acid • 

83-93 

| 16-07 

84^ 

| 1638 


8350 

16*50 

10000 | 101-14 

988 

10000 


Carbonate of lead is also found, with other salts of lead and copper, in the mineral* 
Cromfordite , Susanntte , Lavarkite, Calcedonitr. 

Sulphate of Lead , or Angle site, is found in cavities, but more generally in lodes 
associated with galena and carbonate of lead. It occurs at Leadhills in Scotland; 
la ConiWw flfld Derbyshire ; in the Channel Islands ; in Spain, Germany, France, and 
America. ‘ 










The compaction of this mineral Is given In the following analyses : 


Locality . 

Anglesey, 

Wanlockkead. 
Lead Hills . 

lelleffHd, Harts. 

Analyst . 

Klaproth. 

Strorocjer. 

Oxide of lead • . 

71*0 

70 ‘60 

72*40 

Oxide of iron . 

1*0 


0*09 

Oxide of manganese 

. . 

. . 

0*00 

Water . 

2*0 

2*25 

0 61 

Sulphuric acid • 

24*8 

25*76 

20 09 


98*8 

98*50 

99*21 


Sulphate of lead also occurs combined with other salts, in the form of Linarite, Cole- 
donite, Leadhillite. 

Phosphate of Lead, or Pyromorpkite , occurs generally at the upper parts of lodes less 
frequently in layers, and also usually associated with other ores of lead. There are 
three classes of this ore, viz. such as contain only phosphoric acid ; secondly, those 
containing both phosphoric and arsenic acids ; and lastly, those containing lime and 
fluorine. 


The composition of some of the ores of the first class, is given in the following Table : 


Locality . 

Leadhills. 

PoulLtouen. 

Krantberg, 

JBeresov. 

Analyst . 

Wohler. 

Kariten. 

Snndberger. 

Struve. 

Chlorine 

2*62 

2*63 

2*07 


Lead 

7'39 

7*66 

7*80 

7*40 

Oxide of lead . 

74*60 

74*15 

73*22 

73*30 

Phosphoric acid 

16*69 

1570 

15*94 

16 82 

Oxides of iron andj 
chromium . \ 

• • 

• • 

0*69 


100*00 

100*00 

* 99 03 

99*71 


This ore is found at Leadhills, and in Cornwall; at Wicklow in Ireland!" at 
Phcunixville, in the United States ; and many other localities. 

Arsenate of Lead or Mivu tesitc is met with in large quantities at Drygill, in Cum- 
berland, and has been used in the manufacture of flint glass, to which it imparts great 
brilliancy. It is found at Redruth and other Cornish mines; at Boeralston in Devon- 
hbiro, and in America, Siberia, &c., generally occurring near the outcrop of the veins 
Hu rt- aro three classes of it, similar to those of the previous ore. The following is 
the composition of a specimen of the oro which contains arsenic acid, analysed by 
Lergemaun : J * 


Oxide of lead 
Arsenic acid 
Chlorine 


From Btmcn, Mexico, 
. . 74*90 

. . 28*00 

. . 2*44 

100*40 


The other ores of lead will be found described in these volumes under their respec* 
tive mineralogical designations. ~ 

Metallurgical Treatment of tbe Oreo of Xtead. The differences in the 
nature of the ores of lead, the peculiarities of the localities as to labour, fuel, &c., and 
tfl J* application of the lead afterwards, have all tended to modify the metallurgy of this 
valuable metal. It would have been more satisfactory to have described all the , 
QiftV-rcnt plana in detail ; bnt aa this would be inconsistent with the limited space which 
can be devoted to & metallurgical subject in these volumes, we must confine this article 
y* an account of some of the methods adopted for extracting lead from its ores. 

anoua arrangements might also be pursued in this account o? the smelting of lead 
ii . we the following, in which we will describe — I. Reduction of the Ores, 

, K t? n,n i| of Lead. III. Softening of Hard Lead. IV. Smelting of the Slags 
tod other Products. V. Condensation of the Lead Fume. ^ 


X. Betfaetton of Lea4 Ores. 


All the ores of lead may be arranged in two classes in respect to their metallurgical 
of e* mont * *“• *he sulphur and oxygen compounds of lead, and again is to the ton ft 
01 employed in their reduction, viz. the reverberatory and the blast fumac*. 

V ol, ul j X 










LEAD. 


1. Thb Reduction of Sulphur Orbs in Reverberatory Furnaces. 

The sulphur ores of lead are treated after two different systems in the reverberatory 
furnace, which have been distinguished by Phillips as the method of double decomposi- 
tion and the process by affinity , and these again differ in the details as practised in 
this country, in France, and in Germany. 

The first plan depends upon the reaction between sulphide of lead and oxide of lead, 
as shown in the following equation : 

PbS + *2PbO - SPb + SO 2 ; 

or upon the double decomposition when sulphide and sulphate of lead are the consti- 
tuents of the mixture, thus ; 

PbS + PbSO 4 = 2Pb + 2SO*. 

This process consists in roasting the galena in a reverberatory furnace, until a 
portion of the ore has been converted into oxide and sulphate of lead ; it may 
be performed either in a distinct furnace, or in the smelting furnace where the subse- 
quent fusion is effected. The following table of analyses of roasted ores, from different 
localities, illustrates the above remarks. 


Analyses of Roasted Galena. 


locality . 

Pexey. 

Holxapfcl. 

Pontgibaud. 

Oxide of lead 

18 

35 

31-0 

52-6 

16-9 

62-9 

Sulphate of lead . 

86 

19 

8-0 

8-0 

12T 


Sulphide of lead . 

10 

4. 

11-8 




Oxide of iron 

. . 

6 

90 

130 

21-3 

4*9 

„ zinc 

. . 

27 

302 

90 

21-6 

3*7 

„ manganese 

. • 

2 





„ antimony 







„ copper . . 


• 





Arsenic acid 

. . 

. . 

. 

0 4 

10 


Sulphate of baryta 

. !. 

. . 

. . 

140 

19*8 

1 07 

Silica .... 

, , 

7 

10-0 

3*0 

6-2 

239 

Lime, &c. . . 

* ■ 

. . 


* • 

■ • 

3 1 


114 

100 

1000 

1000 

989 

99 2 


When the roasted ore has been thoroughly mixed, the doors are closed and the fires are 
set away. The reactions above explained then take placed when the lead is separated. 

This process is applicable to the ores which are comparatively free from silica and 
earthy impurities, and is generally adopted in England. 

The process by affinity consists in fusing the ore with iron in some form or other, 
when, the iron combining with the sulphur, the lead is eliminated : thus, 

PbS + Fe = Pb + FeS ; 
and this plan is better suited to the impure ores of lead. 


Fig. 589 


a. Method by double Decomposition. 

English Process.— The Reverberatory Furnace cbnsists, as usual, of three essential 
parts, the fireplace, hearth and chimney. Tho position^and relative proportions of each 

p$rt*are shown in Jigs. 589 and 690, 
~ ere a represents the grate ; 6, the 
jjr of the fireplace ; c, the fire- 
bridge; d y the arched roof; r, the 
hearth ; ff the working doors ; g g, 
flues running into one main flu® 

leading to a condensing-chamber 

and chimney. 

The hearth is hollow or funnel- 
shaped, to facilitate the descent of 
the lead to the lowest point in the bed of the furpace. The bottom of these furnaceSi 
or hearth, as it is called, is built of bricks, which are covered with a layer of slag*- 
These slags are run into a semi-fluid condition " by a heavy fire, and then worked into 
the proper shape by means of paddles and rakes. The hearth slopes more rapidly from 
the fire-bridge than from the flue* to prevent the lead being exposed too long to the 
action of the heated air. 




Fig . 69a 
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There axe three working doors on each side of the furnace, attended 'by two men, 
who assist each other in manipulating the charge. The lead collects at the lowest 
part of the hearth, covered by the slags, 
and is drawn off by a tap-hole into the 
metal pot, t, in front of the furnace. 

The arch falls rather rapidly towards 
the flues, g g % to give more effect to the 
heat, and the draught is capable of re- 
gulation by means of dampers. 

The usual charge of ore in these fur- 
naces at Holywell weighs 20 ewt., which 
is introduced through a hopper, h , in the 
arch of the furnace. This charge is then 
spread evenly over tho surface of the 
earth, and gently heated for two hours, 
the doors being closed and the dumper 
lowered. 

The two front doors, farthest from the 
fire, being opened, the smelter throws in 
the slags swimming on the. surface of the load in tho pot, *V from the previous operation. 
The tap-hole is opened in a little time to allow the metallic lead to run off from tho 
slags, and at the same time, an assistant turns over the ore, through the back doors, 
by means of a paddle. These doors are now closed, while tho front ones are open, 
through which some small coal is thrown in upon the lead-bath, and the whole is 
worked up together, the ore being turned over with a paddle. Tho smelter, in about 
three-quarters of an hour from tho commencement, throws back upon the sole of tho 
hearth, tho fresh slags, which then float upon I ho bath, and are mixed with the 
cojdy matter. These slags and the ore are then turned over with the paddle, and all 
the doors are closed. 

The ore is turned over again through tho back doors, and the first lead appears, 
obtained from the slag last remclted. This lead is run off by the tap, and both work- 
men then turn over the ore, through all the doors. Tho smelter now closes all the 
fi\mt doors except that next the fire-bridge, and lifts off the fresh sings from the lead 
pot, drains them, and throws them back into tho furnace. Tho interior of the furnace, 
at this period, has a dull red heat. 

The lead begins to separate from the ore in about 1 J hour from the charging of the 
furnace, and the two workmen again turn over the oro from each side of the furnace. 
Some coal is thrown on tho grates, slightly to raiso tho heat, tho oro is turned over, 
and all the doors are closed. 

1 he first fire or roasting lasts about two hours, and the damper is then raised a 
little ; coal is thrown on the grates to give the sicond fire, which lasts 26 minutes. 

I he heat of the furnace has now become bright red, and tho lead flows from all sides to 
the bath. The smelter then pushes the slugs back towards the upper part of the hearth, 
"hue the assistant spreads them over its surface, through the buck doors. Tho smelter 
now throws in a few shovelfuls of quicklime upon tho lead-bath, through the middle door, 
the assistant works tho ore and slags through the three back doors, spreading them 
out, while tho smelter again pushes the slags from the inner bath to the upper part of 
the solo. The doors are left open for a short time, and the lead flows down into the 
the slags with which it was mixed as they wero pushed back. 

Hie workmen in a short time again turn over tho oro and slags, and in three hours 
trom the commencement, a little moro fuel is thrown on the grate. In ten minutes, 
r<*sh fuel is added for the third fire , the damper is fully raised, ull the doors are again 
e osod, and the furnaee is left in this state for three-quarters of an hour. At the expi- 
ration of about four hours, all the doors being opened, the assistant levels the surface 
o facilitate the separation of any lead, and then spreads the slags which are pushed , 
i ,c a ‘?' Fart * s him by the smelter, who now throws in more lime to render the slags 
^Tli an< ^ cover fhe lead-bath. 

fh u- B ™ e lter adds a fresh charge of fuel in about ten minutes after tho completion of 
e third fire, and closes the doors to give the fourth fire , This lire is finished in four 
lours aud forty minutes, when the doors are opened, the tap-hole is pierced to allow 
j le h*8d into the pot outside, and some lime is thrown upon the slags in the 

nner hath. The smelter then pushes these driid slags towards the upper part of the 
u urth, whence the assistant rakes them out of the furnaeo through the back doors. 

n have given this detailed kccount of the working of a charge from Mr. Phillips* 
of T) nt ^ e8cr *pt ] on of the process followed in Wales, as an illustration of the nature 
lese operations, and to avoid tho necessity of similar minute details in other analo- 
gous processes. 


i i 2 
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The weight of a charge vanes in different localities, 12 to 14 cwt being that need in 
the north of England ; 21 cwt. in Bristol, and 30 cwt. in Cornwall, while the tim f 
extends from 6 to 24 hours, according to the weight and nature of the ore. 

The cost of smelting an average parcel of galena in the reverberatory furnace is: 



3. 

d. 

Labour . 

.9 

7*2 per ton of ore. 

Coals 19*9 cwt. . 

. 3 

3*8 

Lime 0*9 

. .0 

4-9 

Repairs 

. o 

4*0 


13 

7*9 


In some smelting works, the roasting process is conducted in a distinct furnace, and 
In other mills, the two furnaces are combined in the manner shown in Jig. 591, which 


Fig. 591. 



represents the front or tapping side of the furnace. It is unnecessary to give any 
details of this form, after the description of the previous furnace. 

When the process of roasting is conducted in a separate furnace, as a distinct opera- 
tion, the cost per ton, from an average of upwards of 700 tons, is as follows: 


Labour . 

3. 

. 3 

d. 

25 

Coals 6*6 cwt. 

. 0 

11*2 

Repairs 

. 0 

1 8 


4 

3o 


This is probably the most suitable place to notice the results of some experiments 
made by Plattner and other chemists, on the loss o£ silver which occurs during the 
roasting of ores containing this metal, and which we can confirm from our own experience. 

1. The loss of silver arises from chemical reacti^gs. 

2. The volatilisation of the silver appears to 5Se place at the moment when it 
passes into the metallic state from its combination- with sulphur, or when the sulphate 
of silver is decomposed. 

3. The loss of this metal increases with the duration of the roasting, and the rise in 
the temperature. 

4. The loss also increases when the oxides of iron or copper are present to decom- 
pose the sulphate of silver. 

5. The loss is not so groat with the silver-compounds of arsenic andantimonic arid*, 
obviously because these salts are not so soon decomposed as the sulphate of silver. 

We may also here notice the proposal of Falliz6, to tap the lead at different period*, 
instead of doing so at the end of the operation. He founds his proposal on the fact, 
that the lead which is first reduced, is the richest in silver ; and by keeping the diff erent 
products distinct, the subsequent operation of desilverising would be to some extent 
anticipated as well as facilitated, by providing leads varying in their richness in silver. 
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We believe this suggestion to be well worthy of adoption, as we have found the 
lead obtained in Bnputing rich ores to fall from 74 oz. to 44 os. silver per ton, according 
to the period when the lead was collected. 

Another proposal for treating galena containing silver has also been made. The 
galena is to be mixed with 1 per cent, of chloride of lead, and 10 per cent, of common 
St. and the mixture fused, when it is said the galena will bo desilverised, and the 
chloride of silver will float on the surface with the common salt The mixture of the 
latter salts is then to be reduced, with any chloride of lead that may bo present. We 
have great-doubts as to the economical results of this process, having found the loss of 
lead to be most serious, whenever any chloride of lead was present 

Cxbinthia Puocess. — The furnace employed in this process differs from the English, 
as indicated by figs. 562, 563. , . . . m . 

Fig. 592 represents a front elevation, and^r. 593 a horizontal section. Two furnace* 
are built side by side, and work into one chimney. The hearth of these furnaces is 


Fig . 592. 



narrow, sloping regularly from the fire-bridge to the flue ; and is so arranged that the 
fluid contents will flow to the metal pot a, outside the furnace. The hearth is formed 
two concentric beds, the lower one of beaten clay, and the upper of fused slags. 
The arch is curved like the sole, but in an opposite direction, and at its highest point, 1 
la 23 inches above the hearth. The fireplace is shown by the dotted lines ppp f and 
the products of combustion, passing over the hearth, escape to the chimney A, through 
a fl°e over the working door. In recent furnaces of this form, the hearths are con- 
structed one above the other, the operation being completed in the lower hearth. 

The fuel employed consists of the wood of the spruce and pine, and the chaige of 
we ighs about 420 lbs. The working lasts 23 hours, and the produce is very large. 
The slags, when rich in lead, are washed and treated again. The lead flows into the 
outer pot, is purified by a second fusion, and then cast into pigs. 

Kerl has given the following explanation of the reactions on which this Carinthia 
^h^ed. 

When galena is roasted at a lowbnt gradually increasing heat, a portion of the sul- 
phide is converted into sulphate of lead, along with some oxide of lead, while part of 
he sulphide remains unchanged. ; f 
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When the temperature is raised, during the vigorous stirring of the ore, a quantity 
of lead is liberated, as already explained. Some subsulphide of lead is, however, also 
formed, which likewise reacts with the sulphate of lead, producing metallic lead ; thus, 
Pb*S + PbSO 4 = 3Pb + 2SO*. 

During this first period of the operation, lead is continuously liberated, and runs down 
to the bath in the hearth. The progress of the roasting converts more and more of the 
sulphide into sulphate of lead, diminishing the liberation of lead until a point is 
reached, when oxide qf lead is the only product of the reaction ; thus, 

PbS + 3PbS0 4 = 4PbO + 4S0*. 

The second stage of the operation is then in progress, when, by the addition of red-hot 
charcoal and an increased temperature, the litharge is reduced and another portion of 
lead is obtainod. 

French Process.— When galena is exposed to a continuous and slowly increasing 
temperature, a large proportion is converted into sulphate of lead, and a smaller por- 
tion into oxide of lead. If the roasting is interrupted at this point and the heat raised, 
but not so high as to induce fusion, thoso compounds react upon each other, producing 
oxide of lead, which furnishes metallic lead by the reducing action of coal ; thus, 

PbS + 3PbS0 4 = 4PbO 4- 4 SO 2 
PbO + C « Pb + CO. 

The coal also reduces the sulphate of lead ultimately into metallic lead and sulphurous 
acid. At a low heat, only half of the sulphate is converted into sulphide of lead ; thus, 
2PbS0 4 + C 2 = PbSO 4 + PbS + 2C0 2 . 

And as the temperature is raised, the same reaction occurs, as explained in the Carin- 
thia process. 

Fig. 694. 
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Thefre are three doors close together on the same side, and in front of the middle 
door the lead pot « is built. The firebridge A is 23 inches wide, and the hearth 
11 feet by 6J feet. The hearth is Fig> 696t 

made with a tenacious clay rest- 
ing upon an arch of granite. 

A charge of ore weighs 2600lbs. ; 
it is heated so gradually that at 
the end of five hours a dark red 
heat is reached. The doors are 
closed, and the heat raised till the 
ore commences to soften. The 
smelter now vigorously works the 
ore, when the reactions above ex- 
plained take place, and the lead 
runs into the metal pot i, A 
second roasting for two hours fol- 
lows, and then another turning 
over of the contents of the fur- 
nace. This alternate roasting 
ami working is repeated several 
times, and at the end of 13 hours, some coal and wood are thrown into the fhrnace, 
to reduce the oxide of lead. A last roasting and stirring are then given, and the slags 
withdrawn from the furnace. 

The composition of the slags obtained in the preceding processes is given in the 
following table : 



Analyses of Lead-slays from Reverberatory Furnaces. 



Percy- 

Hole. 

spiel. 

Poullaouen. 

Bir- 

ming- 

ham. 

Kitr- 

enthnl. 

(iras- 
fc hig - 
ton. 

' 

ca, near Matlock. J 

Silica 

Oxide of lead . 

17*0 

13-0 

10-0 

3H-9 

24- 0 
20 5 

29*5 
2 6 

35 6 
■4 

20-4 

156 

27*6 

no 

31*0 


i 2 0 
l 20 

154 

B-6 

Protoxide of iron . 

53*5 

5'G 

14*0 

64 ■; 6 

42*0 

13 4 

26*2 

3 0 

}4- 5 

Oxide of fine . 

Oxide of manganese 


30-5 

20 

27 0 

1-0 

20 8 


3 4 

4 G 


7*2 

8-0 

Maryt.i 

Altunina , . 

1 1*5 



2*5 

*1*0 

28-4 

6 7 

*1 G 


8-0 

8*0 

10*0 

14*7 

Sulphide of lead 

* 50 

* 5-I» 

.VO 


. . 

55 

4*0 


220 

Vo 

17*0 

2 0 

sulphate of lead 

, 

8-0 

30 






12*0 

30*0 

Sulphate of calcium. 


f 






*105 

! 22 5 

33 0 

l*U 

22*0 

5*0 

24*4 

Sulphate of barium . 








51*0 

25*0 

30*0 

I luoriile of calcium 
Phosphoric acid 
Carbon . , 



1 a • 




150 

4-6 

1*5 

lfi*0 

18*6 

7*2 

8 5 


1000 

1000 

99*5 

100*0 

! 09 8 

08- 0 

980 

100*0 

08*0 

97 6 

08*4 

98*7 


The lead is purified by stirring it with beams of wood and repeated skimmings, after 
which it is refined. 

Action of thk Ga.ngue. — All the ores of lead contain more or less of other earthy and 
metallic compounds, which exercise a considerable influence on the chemical reactions 
which the smelter aims at accomplishing. When these foreign bodies are present in a 
large proportion, the processes just described are not adapted for the treatment of such 
ores, which are smelted by other methods to be hereafter explained. Jt will, however, 
be useful to take a rapid survey of the influence which these gangues exert on these 
processes. 

Carltonate of Calcium . — When this substanceis present in small quantities, it. facilitates 
Ihe chemical action, by contributing to the decomposition of the sulphide of lead, with 
formation of sulphate of calcium, and by preventing the materials becoming too fluid 
J ‘t the moment when the most important reactions are taking place. It has been found 
that 10 to 12 per cent, of this substance may be present in the ore without being preju- 
dicial. 

Sulphate of Barium This substance remains perfectly inert during the whole oper- 

ation of smelting, and is objectionable therefore only as a mechanical hindrance, by 
diminishing the contact of the compounds of lead which are to act on each other in 
the furnace. Galenas which contain 10 per cent, of this gangue arc, on this account, 
unfitted for treatment in the reverberatory furnace. 

Fluor 8par.-J This mineral is very similar in its action to the carbonate of calcium, 
nut it i s very beneficial when present with sulphate of barium, towards which substance 
it acts the part of a flux. 
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Quartz, Clay , and Silicates.-— These gangues, when present only to the extent of 6 or 
6 per cent., are very injurious, and it is impossible to obtain any lead in the rever- 
beratory furnace, when they amount to 12 per cent. During the roasting they are 
inert, but when the heat reaches a dark red, and before the sulphide and oxide of lead 
react on each other, the silica unites with the latter, forming very fusible basic silicates, 
rendering the whole charge fluid, and preventing any further action. 

Blende. This ore may be present to the extent of 10 or even 15 per cent, without 

much prejudice to the working in the reverberatory furnace. It does not complicate 
the treatment, and is objectionable only by its conversion into oxide and sulphate of zino, 
which are inert, and prevent the intimate mixture of the lead -compounds. The small 
portion of blende which escapes oxidation during the roasting, reacts afterwards on the 
oxide of lead, producing sulphurous acid, oxide of zinc, and metallic lead. When coal 
is introduced in the subsequent operations, the oxide of zinc is reduced at the same 
time as the oxide of lead, and the zinc, being very volatile, carries off a considerable por- 
tion of lead. . , , 

Iron Pyrites . — The presence of a small quantity of this mineral does not seriously 
interfere with the smelting operations. During the roasting, the pyrites is more rapidly 
oxidised than the galena, and what escapes, afterwards assists in reducing the oxide of 
lead. In the concluding operations, the oxide of iron . is disseminated through tho 
mass, and retards the fusion of the lead-compounds. A large proportion of pyrites is, 
however, very prejudicial, as that portion which is unoxidised, forms a very fusible 
matt with the sulphide of lead, which escapes the reduction. 

When the pyrites is arsenical, the lead is always rendered more or less impure by 
the presence of arsenic, which increases the loss of both lead and silver in the subse- 
quent cupel lation. 

Sulphide of Antimony. — This ore is always very injurious, even when present only 
to the extent of 2 or 3 percent. It gives rise to the same reactions as galena; and, u 
portion of the antimony being brought to the metallic state, combines with the lend, 
rendering the latter hard, and occasioning a loss of both lead and silver when submitted 
to cupellation. The compounds of antimony also form very fusible compounds with 
those of lead, which cannot then be brought to the metallic state. The great volatility 
t>f antimony, its oxide and sulphide, also increases the loss of lead and silver. 

Copper Pyrites . — This mineral renders the ores unfit for treatment in the reverberatory 
furnace. Evon when it is present in such small quantities as not to interfere with the 
reactions, the lead always retains a portion of the copper, which diminishes its com- 
mercial value. 

Carbonate of Iron. — This substance acts only as a mechanical hindrance in tho fur- 
nace, where it is gradually converted into oxide of iron. During the later period of tho 
operations, it retards tho fusion of tho slags, and postpones tho reactions until nearly 
all the sulphide of lead is oxidised. This gangue therefore, when present in small 
quantities, is favourable rather than otherwise in the reverberatory furnace. 


b. Process by Affinity. 

This plan was used in France for treating a Spanish galena which contained a large 
proportion of quartz, and is founded on the reactions already explained. 

The furnace employed is shown in Jig. 597, and is charged with about 800 lbs. of 

ore through a side door. This 
Fig. 597. charge is mixed with 200 to 

# 240 lbs. of iron, which ought 
to be in the form of scrap iron, 
as cast iron, mill cinder, and 
iron ores are not found to an- 
swer equally well with malle- 
able iron. The mixed chargo 
is then rapidly heated until 
the galena begins to soften, 
when the temperature is kept 
stationary to permit the re- 
actions to take place. The 
lead, as it is reduced, flows to the lower part of the furnace at p, while the matt swims 
on the surface, and this again is covered by the slag. The contents are then drawn on 
through the tap-hole 5, into the metal pot. 

A modification of this plan has been proposed by Phillips and Rivot, who employ a 
furnace with a hearth sligntly inclined towards a basin at the side, placed before one 
of the two side doors. . 

The furnace is to be charged with 1600 lbs. of ore, which must be carefully spread 
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over the hearth, and roasted for 12 hours at a moderate heat. ‘ At this point, if the 
oie does not contain sufficient silica, 12 per cent of sand and 1£ percent of charcoal 
are added. The heat is rapidly brought up to a cherry-red, when the charcoal reduces 
the oxide of lead, and facilitates the action of the sand, which decomposes the sulphate, 
forming silicate of lead. The charge passes through a process of boiling, and when this 
subsides, ft quantity of iron is thrown in while the charge is being well worked ; the iron 
decomposes the silicate of lead, producing metallic lead and silicate of iron. When the 
slags are properly impoverished, the contents of the furnace are tapped into tho pot, 
where the lead remains, and the slags flow off at one side. 

Mr. W. J. Cookson has introduced another modification of this principle. He mixes 
the lead ore and iron together, and adds a small quantity of alkali and carbonaceous 
matter. This mixture is exposed to heat in large crucibles, when a very pure lead is 
obtained. The matt falls to powder, which is afterwards mixed with a little water, 
made into bricks, and burnt in kilns, as a substitute for sulphur ores, in the manufacture 
of sulphuric acid. 

The Reduction of Oxygen-ores of Lead. 

Carbonate of Lead. — When this ore of lead contains a largo proportion of galena, it 
is treated by one of the plans already described, but when tolerably pure, it is sub- 
mitted to special operations. 

The furnace is of the ordinary reverberatory character, in which the hearth has only 
a slight inclination towards the tap-hole at one of the sides. The ore, in the form of a 
fine sand, is mixed with some reducing agent, such as coal, and some flux adapted to 
t} ie nature of the gangue. This charge is thon spread upon the hearth, the doors are 
closed, and the heat is gradually raised, during which the mixture is often turned over. 
The temperature is kept as low as possible, and the lead, gradually reduced, falls down 
to the tap-hole, through which it is drawn off from time to time. 

When the load has ceased to appear, the spongy mass on the hearth, is heated until 
it fuses, when the whole is drawn out and smelted in a blast furnaco. 

Sulphate of Lead. — This salt of lead is found native, and large quantities are also 
produced in various chemical and other manufactories. In tho latter case, it is often 
mixed with an excess of sulphuric acid, which must be expelled in a reverboratory or 
other furnace. 

The only mode of treating this compound of lead is that proposed by Phillips and 
Rivot, to which we must refer the reader. 

Spanish Air-furnace , or Homo dc gran tiro . 

This furnace, shown in figs. 698—600, does not differ from the blast furnace in its 
form, but as tho draught depends entirely upon tho chimney, it may be said, in this re- 
spect, to resemble the reverberatory furnace, and finds its appropriate position in this 
part, of the article. 

Its height is 8 feet, and the diameter varies from feet to 4 feet. The charging 


Fig . 698. 
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built of the elate in ite undeeomposed state, called Laja. w aveiblei, 

then cut opt to the shape shown in fig. 698 . Six openings (figs. 699, 600) 0-G, are left 
in the wall* for the admission of the air, and for drawing off the s ! H S a - "he flue, Q 
connecting the furnace and chimney, is carried by an arch, K, and 1 a built so as to b« 

Fig. 599. 



Independent of the furnace. The chimney, A, is about 44 feet high, has a large area, 
and works two furnaces. The air-holes are 15 inches by 12 inches at the outside, and 
taper to 9 inches by 4 inches next the interior. They are formed by working sortie clay 


Fig. GOO. 



upen a wooden mandril, and placed to point towards the centre of the furnace. Tin-re 
«rc also other holes (register), F, above the air-holes, but temporarily built-up, so as 
to be easily opened when required. An inclined plane, H, is built to draw away the 
slag, as in an iron blast furnace, and it is kept cool by an air-ehannel below. The lead 
is collected in a small p<4, T, through an opening cut through the sole to tlio hearth. 

The ore smelted in these furnaces contains carbonate of lead and galena, mixed with 
oxide and carbonate of iron, oxide of antimony, carbonate of lime, day and sands. 
This ore is used raw, mixed with lead-slags, and coke & the fuel employed. 

The furnace having been annealed for some hours/3 or 4 pigs of lead are placed in 
the hearth to form a bed for the slags, and the ftwqace is charged with coke. In 5 
or 6 hours, a few baskets of slags are thrown in w|t& a little granulated iron. After 
a little time, the slags begin to run down the incline, when the regular charge of ore 
is added. The air-holes are regularly watched to keep them all at the same degree 
of heat, as any neglect is apt to allow the materials to harden, when these air-tuyeres 
become choked. It is in fact the duty of ojne man to remove all the niggers or hard 
black lumps, which tend to form in and near them. The furnace is charged only once 
every hour, as the opening of the charging door, D, injures the draught. 

The charge consists of : 

40 baskets of ore, or about 5 cwt. 

8 to 10 „ old Slag. 

4 to 6 „ coke, with some dry wood. 

The latter assists in diffusing the air uniformly through the materials. The quantitiei 
used in 24 hours are : 


Ore . . . . cwt. 134 Coke . . . . cwt. -20 

Slag . ,44 Wood . . . . „ * * 
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As the air has a tendency to ascend round the sides of the furnace, the smelter throws 
his charges against the walls, and keeps the air-channels as far as possible open to the 
centre of the furnace. When the furnace becomes gobbed in any part, one or more of 
the register-holes are opened to enable the smelter to remove the obstruction. 

The lead is tapped every six hours, and the matt is returned to tho furnace. The 
produce varies from 6 to 7 cwt. of load upwards, according to the richness of the ore. 

* We have described this furnace at some length, as it is clieuply built, lasts about 6 
to 8 weeks, and can be used in localities where more perfect plans would be impracti- 
cable. 

2. The Reduction op Lead Ores in Blast Furnaces. 

The ores generally smelted in blast furnaces are such as, from the proportion of 
theif impurities, are not adapted to the reverberatory furnace ; but this remark does not 
ft pp]y to the peculiar form of blast furnace known under the name of the ore-hearth, aa 
used in America and this country (p. 497). 

a. The Cupola or Blast Furnace. 

This form of furnace is very generally adopted on the Continent, and exhibits at 
different works a great variety of form and dimensions. The great difference in the 
ores, the fluxes available and the nature of the fuel, are all so many conditions which 
require special modifications to overcome the difficulties peculiar to each locality. 

We will select, as illustrations of this mode of smelting, three of the modifications in 
which the ore is used in the raw and roasted form, and in both states. 

Silesian Furnace . — The form and con- Fig. G01. 

pt ruction of this furnace are represented in 
jitf. 601. The walls, a a, are vertical from 
the tuyere upward ; fora distance of 10 feet 4 
inches to 6 feet, the section of the furnace is 
rectangular, while above this point it takes 
a circular form. The exterior wall, c c, is 
built of common bricks, and the lining or 
shirt, a , is constructed of fire-bricks. The 
charge of raw ore and flux is mixed on the 
floor, E, and thrown into the furnace through 
the opening f. The blast enters at t, and 
fusion takes place, during which the hearth, 

A, is gradually filled with t he lead produced. 

The slag floats on the surface of the lead, and 
b drawn off at e, while the lead is occasionally 
t;q>|M d through a canal which passes to the 
bottom of the hearth. The fume is carried 
away from the top of the furnace through a 
H-ries of condensing chambers. These furnaces 
can only be worked for about eight days, when 
the operation is stopped to repair the lining. 

The lit de fusion consists of : 

Galena in small pieces . . 100 parts. 

Cast iron . . . . 12 „ 

*Slag from iron forge . . 14 , 

Tatch ton of this charge requires a ton of 
coal, which is thrown against the front, and 
the ore, &c. against the back of tho furnace. 

When the slag contains 7 or 8 per cent, of 
lead it is resmelted. The matt or rcgulus, 
consisting of sulphide of iron and lead, with 
a little silver, is roasted and smelted in the 
Mime furnace. 

Hartz Furnace . — This plan is adopted in 
t he Hartz, France, and Belgium, more or less > . 

modified according to the circumstances of the locality. The ore is always submitted 
to previous roasting; and when this operation is performed in a reverberatory furnace, 
the heat is gradually raised, until the oxidation is sufficiently advanced, when the doors 
ore closed. The fire is then urged to melt the mass of materials, which is then drawn, 
allowed to cool, and broken up into pieces fit for charging the blast furnace. 

The following tables contain numerous analyses of the matt and slags which ftr* 
° stained from the blast furnaces of France and Germany. 




Tabu I . — Analyses of Matts . 
a. From the Ordinary Process of SmeltiDg Boasted Ores, 
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Table III.— Analyse* of Lead-slags from Blast Furnace*. 
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Analysts of Lead-slags from Blast Furnaces . 
(A.) From Boasted Ores. 


Locality . . 

Freiberg. 

Sala 

(Sweden). 

Oker, 

Unter- 

harz. 

Ponigi- 

l>aud. 

Authority 

I.jim- 

l>adiu«. 

Mer- 

bach. 

Kers- 

ten. 

Erd- 

mann. 

Am- 

burger. 

Larapadtus. 

Bredberg. 

G. Ulrich. 

Rivet. 

Sillcflc acid 


28 54 

28*00 

30*50 

37*30 

43*26 

30*7 

28*5 

39 39 

27*66 

39*0 

Alumina . 


5‘40 

4*50 

5*10 

8 15 

, . 

3*7 

• 5*4 

. 6*23 

6*00 

15 

Sesqulaxide of iron 
Protoxide of iron . 


40 ID 

49 * 8*9 

55 * 7*4 

40 92 

6*62 
46 96 

45*0 

46*1 

17*18 

50*30 

21 -2 

Protoxide of manganese 



2*20 



. . 

* 8*3 

17 * 7*7 

traces 

no 

Lime 


*831 


* , 

2 * 6*6 


6*3 

7*72 

Baryta' 

Magnesia 

Oxf{le uf lead . 


1*00 

truces 

*2 00 

* • 

* 3 * ti 0 

0*4*5 

1*0 

1*0 

19 13 

1*90 

26*0 

*21 


4*12 

6*05 

4 00 

7*17 

2*00 

6*3 

4*1 

. . 

. 2 13 

18*2 

Oxide of zinc . 


3*00 


0*85 


1*91 

4*0 

3*1 


. 3*60 

1*7 

Protoxide of copper 


traces, 

* 6*74 



0*25 


, . 

. . 

traces 


Sulphuric acid 


2*43 

2*25 

i * 



i*6 

2*5 

. . 


1*0 

Sulphur . 

Profosulphide of iron 
Phosphoric acid 


1*00 




1*26 




2*23 


i c- 


99 90 

99*43 

98*39 j 

99*20 

10170 

99 0 

99*0 

99*70 

101*44 

121 7 


Analyses • o/ Lead-slags from Blast Furnaces — continued. 
(A.) From Roasted Ores. 


Locality .... 

Fentgibuud. 

Percy, 

Savoy. 

Em s. 

Holz- 

apfel. 

Ville- 

fort. 

Katz- 

enlhal. 

Srlicm- 

Ilung.iry, 

| Authority 

Rivot. 

Bertliler. 


Wchrle. 

Silicic acid 




40 0 

38*0 

27*0 

48*8 

2:1-2 

25*0 

40*5 

29*8 

28*5 

Aluiriua 




1*7 

1*4 

7*6 

14*0 

3 4 

1*3 

3*8 

1*4 

6*0 

Scsquloxide of iron 
Protoxide of iron . 




18 7 

19*2 

32*0 

10 0 

34 8 

21*5 

27*0 

59*4 

34 5 

Protoxide of manganese 






. . 


7*0 

HO 


3*6 


Lime . . . 




15 0 

24*1* 

13*0 

15*3 

6 6 

4*2 

11-7 



Baryta .... 




3 2 

3*3 

. . 

1*0 

, . 


7 6 

. . 

5*60 

Magnesia 

Oxide of lead 




3*2 

2*9 



0*6 

1*0 


, . 

1*30 




13 1 

6*0 

-18*6 

9*3 

2 0 

2*0 

8*8 

traces 

17 7 

Oxide of zinc . . 




15 

1*6 



6*8 

29*0 

. . 


4 4 

Protoxide of copper 
Sulphuric acid 




*2*3 

2*i 

* * 


2*4 

1*0 

* * 

* • 

1*2 

Sulphur .... 













Protosulphldo of iron . 
Phosphoric acid • 




i * 




120 

4*0 


*0*8 

4*80 





98*7 

98*6 

98*2 

98*4 

! 98*8 

100*0 

99 4 

95*0 

104*0 


The ore is sometimes roasted in the open air, as at Rammelsberg, on the Hartz, and 
Fahlun in Sweden. The ore at tho former place, consisting of an intimate mixture of 
the sulphides of lead, copper, iron and zinc, is formed into heaps, as seen in fg, 602. 


Fig. 602. 



A thick layer of pine wood, a a a, is laid down for a foundation, upon which the ore, 
b b, is placed in pieces decreasing in size towards the top. The whole is covered with 
a layer of roasted ore in powder, which shuts off the access of an excess of air. These 
heaps contain about 160 tons of ore, and after they are ignited, the combustion is sup- 
ported by the sulphides, through a period varying from 18 to 24 weeks. 

At the top of the pile are a number of cavities, sss t formed in the porous covering, 
in which a portion of sulphur collects, as it is sublimed from below, and from which 
it is ladled at times. A ton of sulphur is usually obtained from a heap, and it is said 
nearly to pay the cost of rousting. The metallic products are afterwards roasted in a 
•eeond and third heap. 
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This routed ore is smelted in a furnace constructed as shown in fig. 60S. The 
."L r. prepared on- the floor, a, and thrown into the furnace, s, through the opening 
TajEng withthe fuel A strong blast is driven in through the tuyere, t. 

Fig. 603. 



The charge consists of 

Roasted ore cwt. 

Highly siliceous slugs . . • • 1 ” 

Oxide of lead and pieces old cupels . i _ z >» 

The matt is repeatedly roasted and resmelted to obtain any copper, lead and 
silver, it may contain. 

Spanish Economic Furnace . The discovery of enormous deposits of slags left by 
the Romans, near Cartagena and other places in Spain, together with the mining f or 
a poor lead ore in theso districts, has led, within the last la or 20 years, lo « wy 
great development of load smelting on this coast. 1-uriiaccs of different descriptions 
were tried, one after another, but they have all given place to what is known under 

th ThU furna“!‘as improved by the writer, is represented in figs. 604 60S, ^606> 
elevation, section mid plan. The blast enters through throe wator-tuyere a , a a, snd 
the materials are maintained up to the level of the charging oor, . PP® . 

are kept cool by a flue rain of water from a rose, c, and the steam which is foiled 
assists in condensing the fumes which escape into the due, through an opemng, 
the back side of the top of the furnace. The upper part of the 
four metal pillars, ffff. so that when the body of the furnace requires to be renewed 
thU part remains untouched. The lead accumulates in the hearth, whence it M 
tapped, from time to time, into the pot, h, to be ladled into moulds. T “® “** 
continuously into a tank, i, which is kept supplied with a •}»«“' LtiUsso m7- 
•lag in this case falls into a coarse sand, which is easily rarted away, but it is some 
times run into small waggons, forming large blocks on cooling. 

The furnace is circuit, with a diameter of from 2* to 2*. ^ and t of I 
bricks moulded to*suit the form of the furnace. The body o . u 

brick thick, and when any portion of the wall gives * h « rebuild the wa& 

which is driven into the intenor, while the smelter lays fresh bricks to r^bmld the . 

The bottom of the furnace is formed in Spain of a kind of clay which m f oun *£ 
answer remarkably well, but in this country a mixture of pu.e ground coke ind fire 
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clay is employed. This mixture, made into a paste, is very carefully be t 

:hen the hearth is cut out , as shown in the figure (606). The timationoftbbfo'^ 

Fig. 604. Fig. 606. 



Fig. 606. requires the greatest care, as the duration of the • 

furnace depends more upon its stability than upon 
the continuance of the walls, which, as already 
explained, can be repaired from the outside. 

The breast of the furnace is made of a semi- 
circular plate of cast iron, with a lip to carry off 
the slag, and a slit through which the taphole is 
drilled. Above the breast-pan is an arch about 
18 inches wide and 24 in height. 

The materials are charged, layer upon layer, 
of ore and flux and coke. The ore may be either 
raw or roasted, and the nature of the flux de- 
pends upon the character of the gangue. In Spain 
the ore is sometimes roasted in kilns, consisting 
of large chambers, something like our fire-brick 
kilns. The ores ©r materials containing lead to 
be smelted in ibis furnace should not hold more 
< than 20 or 30$j£r cent, of lead. 

When this form of furnace was introduced into thw country, the writer made a great 
number of experiments as to the ores and fluxes which could be most profitably smelted 
by it; but it would be impossible to give the details in so limited an article as the 
present. It may, however, possess some interest to give the materials smelted and 
the cost of one of the first campaigns, which term is employed to designate the time 
the furnace works without being rebuilt. This campaign lasted 15 weeks, working 
night and day, and the following weights of ores were smelted : ’ 

Spanish ore . . . 3249 50 cwt. English lead ore slags . 1521*25 cwt. 

English lead ores . . 8634 60 „ Litharge . . 30*50 „ 

American silver ores , 86*75 „ Litharge cinders t , 973*75 „ 

14496*35 

There was a gain of silver on the assays, but a loss of lead of about one-tenth on the 
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wanra, which, however, it ia proper to aay, were made moat cwefaUyby die beet 
i- The cost ms as follows : ^ / . 


methods. 

1. Wages connected with the furnace 

2. Engine power: wages . j£10 

1509 cwt. coals . 12 
cwt, 

3. Fluxes, Fluor spar . . 228 

Carbonate of baryta 14 


4 . Fuel 
6 


Chalk 
Limestone 
Bock-salt 
Kelp . 
Hematite ore 
Metal borings 
Mill cinder 
Grey slags 
Pitch . 

Coal 
-Coke 


Repairs 


209$ 
. 250 
, 144$ 
. 5 

. 25 

. 790 
4673 
. 704 
. 5 

. 19 

2667 


9 

1 

0 

3 

6 

0 

0 

79 

40 

1 

0 

0 


10 

11 

15 
2 

16 
13 
11 
10 
18 
15 
18 
15 

1 

3 


J0124 1 9 mm 

23 1 7 - 


* 

5*1 


0 7*5 


0 

6 

2 

0 

8 

0 

9 

0 

3 

9 

3 

2-146 0 

. 47 16 
. 33 1 


£374 0 11 


4 0*3 
1 3*8 
0 10-9 
10 3*6 


Tho following statement contains the cost of smelting the Roman slags near Carta* 
gena, in Spain, calculated on the produce of lead : 

Cost of 20 cwt. of Lead. 

360 quintals at 8 per cent, lead, washed up to 24 per cent. 

= 120 quintals for smelting. 

30 „ of coal for engine, at C reals 

60 „ of coke for smelting, at 1 1 reals 

2 smelters, at 8 reals .... 

4 labourers, at 6 reals .... 

Wear and tear ..... 

Management, &c. &c 




. 360 reuls 



. 180 „ 



. 660 „ 



16 „ 



. 24 „ 



. 60 „ 



.100 „ 



1280 reals 


and this expense, at 92 reals per £ sterling, brings the cost of a ton of lead up to 
£13 6 a. 8 d. per ton, where the Roman slogs are obtained free of charge. 

We believe this form of furnace is admirably adapted for many of our poorer ores and 
materials containing lead, and that it well deserves tho attention of our smelters. 

b. The Ore- hearth. 

This method of reducing can only be applied to tho purest description of ores, and the 
advantage which it possesses over tho reverberatory furnace, consists chiefly in the 
greater purity of the lead which is produced. This, however, is of great commercial 
importance, as such lead is suitable for conversion into the best white and red loads, 
«nd in consequence brings £1 per ton more in tho market than ordinary soft lead. The 
orH hearth is also worked with 


less consumption of fuel and a 
smaller outlay ia- labour. The 
cost of the furnace is much less and 
the working may be discontinued 
and resumed at any time without 
repairs being required. 

The first construction to bo 
noticed is that of 


Fig. 607. 



The Backwoods H&trth. 

This form of furnace is of the 
most primitive character, and yet 
practice of the Western back- 
woodsman is still more simple ; if 
? wants shot or bullets, he 
an**) . t 8 a Are in a hollow tree, or 
a ° * *tninpof a tree, places some galena on the charred wood, and melts it down, when 

In TLr m & ke finds the metal at the bottom of the hollow. 

. 18s ? ur b *be ore was reduced in square furnaces, constructed of logs or stones, as 

v 6 °7« 

Vo*- u r. K K 
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The air is admitted through the arch in the fore-side, and the lead is collected in tbs 
basin in front. The management consists in placing a layer of heavy logs at the 
bottom; then billets of split wood are s# upright, on which thte galena is thrown, the 
top of the ore being covered with small wood. A fire is kindled in the front arch, 
which chars the lower portion of the wood, and the process of reduction commences. 
The lead runs into the basin, and the operation lasts 24 hours. The ashes are collected 
after the furnace cools, and they are smelted in what is called an ash-furnace. 

This plan is now superseded by constructions of a modem type. 

The American Hearth . 

This furnace {fig. 608) is sometimes made of cast iron, and so arranged that a hollow case 
surrounds the hearth, H, through which the air passes on its way to the tuyere, by which 
contrivance the blast is raised to a high temperature. . The air enters through the pipe, 
C and, following the course of the arrows, is driven through the tuyere into the hearth. 

Fig. 608. 



As the ore is reduced, the lead flows down the channel, b, into the pot, B. The force 
of the blast can be regulated by the valve, V. . . , 

The hearth is first carefully warmed by a wood fire, when the reservoir in the heartn, 
H, is filled with lead, which soon melts, and upon which the charge floats during Uie 
operation. The smelter places several pieces of wood before the blast, and then charges 
with raw galena. The whole soon becomes heated, the reduction follows, and tns 
lead flows off into B. The first charge is followed by another, and thus the process is 
continued as long as the smelter wishes. . . _ , .. 

At Rossie, in New York, 75 cwt. of lead is obtained in 24 hours, and the cost oi 
working is about seven shillings per ton. 

The Scotch Hearth 

is in use in the northern counties of this country, and Mr. Phillips' account of the 
mode of working it, is so admirable that we cannot do better then quote it. 


Fig. 609. 


ic 

48 llivuto aivu .uuiuv, •»“* • — — 

zontal section, always rectangular, 
varies much in its dimensions a* 

■ a different levels. _ . . 

M I c 1 The ore can be worked either in 

I I — 1 a raw or roasted Btate, but the latter 

p — ri ' is now generally used, as it yields a 

| p f R;vJ • better produce, and works dry, al- 

| lowing the blast to diffuse itself more 

perfectly through the mass. 

In proceeding to smelt by mop 0- 

of an ore-hearth, two workmen are required to be in attendance from the 
to the end of each smelting shift, the duration of which is from 12 to 15 no 
The first step in commencing a smelting shift is to fill up the hearth-bottom 


iot do better then quote it. 

£ This fhmace ( fig . 609) is fro® 
to 24 inches in height, and 12 to 
p48 inches area inside, but its hon- 
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mace Wow thfi workstone with peat*, placing one already kindled befbru the 
noade of the bellows. The powerful blast very soon sets the whole in a blase; and 
by the addition of small Quantities of coal at intervals, a body of Are is obtained, 
filing the hearth. Boasted ore is now put upon the surface of the fire, between 
the forestone and pipestone, which immediately becomes red-hot and reduced, 
the lead from it sinking down and collecting in the hearth-bottom. Other portions 
of ore, of from lO.or 12 lbs. -each, are introduced from time to time, and the contents 
of the hearth are stirred and kept open, being occasionally drawn out and examined 
upon the workstone, until tha hearth-bottom becomes full of lead. The hearth 
may now be considered in its regular working state, having a mass of heated fuel, 
mixed with partly fused and semi-reduced ore, (jailed browse^ floating upon a stratum 
of melted lead. The smelting shift is then regularly proceeded with by the two 
workmen, as follows: — The fire being made up, a stratum of ore is spread upon the 
horizontal surface of the browse, and the whole suffered to remain exposed to the 
blast* for about five minutes. At the end of that time, one man plunges a poker into 
the fluid lead in the hearth-bottom below the browse, and raises the whole up at 
different places, so as to loosen and open the browse, and in doing so, to pull a part of 
it forwards upon the workstone, allowing the recently added ore to sink down into the 
body of the nearth. The poker is now exchanged for a shovel, with a head 6 inches 
square, with which the browse is examined upon the workstone, and any lumps that may 
have been too much fused, are broken to pieces ; those which are so far agglutinated by 
the heat as to be quite hard, and further known by their brightness, aro picked out, ana 
thrown aside, to be afterwards smelted in the slag hearth. They are called “grey 
slags.’' A little slaked lime in powder is then spread upon the browse, which has been 
drawn forward upon the workstone, if it exhibit a pasty appearance ; and a portion of 
coal is added to the hearth, if necessary, which the workman knows by experience. In 
the meantime, his follow- workman, or shoulder-fellow, clears the opening through 
which the blast passes into the hearth, with a shovel, and places a peat immediately 
above it, which ne holds in its proper situation, until it is fixed, by tho return of all 
the browse from the workstone into the hearth. Tho fire is made up again into tho 
shape before described; a stratum of fresh ore spread upon the peat; and the operation 
of stirring, breaking tho lumps upon the workstone, and picking out the hard slagaj'e- 
peated, after the expiration of a few minutes, exactly in the same manner. At every 
stirring a fresh peat is put above the nozzle of the bellows, which divides the blast and 
causes it to be distributed all over the hearth ; and as it burns away into light ashes, 
an opening is left for the blast to issue freely into the body of the browse. The soft 
and porous nature of dried peat renders it very suitable for this purpose; but in some 
instances, where a deficiency of peats has occurred, blocks of wood of the same size have 
been used with little disadvantage. As the smelting proceeds, the reduced lead, filtering 
down through all parts of tho browse into the hearth -bottom, flows through the channel, 
out of which it is laded into the pig-moulds. 

The principal particulars to be attended to in managing an ore-hearth properly during 
the smelting shift are these : First : — it is very important to emploj' a proper blast, which 
should be carefully regulated, so as to be neither too weak nor too powerful. Too weak 
a blast would not excite the requisite heat to reduce the ore, and ono too powerful haa 
the effect of fusing the contents of the hearth into slags. In this particular, no certain 
rules can be given ; for the same blast is not suitable for every variety of ore, Soft, 
free-grained galena, of great specific gravity; being veiy fusible, and easily reduced, 
requires u moderate blast ; while the harder and lighter varieties, many of which con- 
tuin more or less iron, and are often found rich in silver, require a blast considerably 
stronger. In all cases, it is most essential that the blast should be no more than 
sufficient to reduce the ore, after every other necessary precaution is taken in working 
the hearth. Secondly : — The blast should be as much divided as possible, and made to 
pass through every part of the browse. Thirdly The hearth should be vigorously 
stirred at due intervals, and part of its contents exposed upon the workstone, when the 
partially fused lumps should be well broken to pieces, and those which are farther 1 
vitnfied, so as to form slags, carefully picked out. This breaking to pieces, and .ex- 
posure of the hottest part of the browse upon the workstone, has a most beneficial 
effect m promoting its reduction into lead; for the atmospheric air immediately acta 
u P° n *nd, in that heated state, the sulphur is readily consumed, or converted into 
•ulphurous acid, leaving the lead in its metallic state ; hence it is that the reduced lead 
always flows most abundantly out of the hearth immediately after the return of the 
i*owse which has been spread out and exposed to the atmosphere. Fourthly: — The 
used, should be no more than is just necessary to thicken the browse 
sufficiently, as i*. does not in the least contribute to reduce the ore by any chemical 
faction ; its use is merely to render the browse less pasty, if, from tho heat l>eing too 
fireat, or from the nature of the ore, it has a disposition to become veiy soft. Fifthly : — 

x x 2 
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Coal should be also supplied judiciously, too much unnecessarily increasing the bulk of 
the browser and causing the hearth to get quite full. 

When the ore is of a description to smelt readily, and the^eajth is well managed in 
every particular, it works with but a Bmall quantity t>f browse, which feels dry when 
stirred, and is easily kept open and permeable to the blast. The reduction proceeds 
rapidly with a moderate degree of heat, and the slags produced are inconsiderable; but, 
if in this state, the stirring of the browse and exposure upon the workstone are discon- 
tinued, or practised at longer intervals, the hearth quickly gets too hot, and im- 
mediately begins to agglutinate together, rendering evident the necessity of these 
Operations to the successful management of the process. It is not difficult to understand 
why these effects take place, when it is considered, that in smelting by means of the 
ore-hearth, it is the oxygen of the blast and of the atmosphere which principally accom- 
plishes the reduction ; and the point to be chiefly attended to, consists in exposing the 
ore to its action, at the proper temperature, and under tfye most favourable cirgam- 
stances. The importance of having the ore free from impurities is also evident, for the 
stony or earthy matter it contains impedes the smelting process, and increases the 
quantity of slag. A very slight difference of composition of perfectly dressed ore ‘may- 
be readily understood to affect its reducibility ; and hence it is that ore from different 
veins, or the same vein in different strata, as before observed, is frequently found to 
work very differently when smelted singly in the hearth. It happens, therefore, that 
with the best workmen, some varieties of ore require more coal and lime, and a greater 
degree of heat, than others; and it is for this reason, that the forestone is made movable, 
so as either to answer for ore which works with a large or a small quantity of browse. 

It has been stated that the duration of a smelting shift is from 12 to 15 hours, at 
the end of which time, with every precaution, the hearth is apt to become too hot, and 
it is necessary to stop for some time, in order that it may cool. At mills whore the 
smelting shift is 12 hours, the hearths usually go on 12 hours, and are suspended 5 ; 
four and a half or five bings* of ore (36 to 40 cwt.) are smelted during a shift, and the 
two men who manage the hearth, work each four shifts per week, terminating their 
week’s work at 3 o’clock on Wednesday afternoon. They are succeeded by two other 
workmen, who also work four 12-hour shifts, the last of which they finish at 4 o’clock 
on Saturday. In these 8 shifts, from 36 to 40 bings of ore are smelted, which, whpn of 
good quality, produce from 9 to 10 fodders of lead. At other mills, where the shift is 
14 or 15 hours, the furnace is kindled at 4 o’clock in the morning, and worked until 
6 or 7 in the evening each day, six days in the week ; during this shift, 5 or bings 
of ore arc smelted, and two men at one hearth, in the early part of each week, work 
three such shifts, producing about 4 fodders of lead ; two other men work each 3 shifts 
in the latter part of the week, making the total quantity smelted per week in ono 
hearth from 30 to 33 bings. 

. Hearth-ends and Smelter's fume. — In the operation of smelting, as already described, 
it happehs that particles of unreduced and semi -reduced ore are continually expelled from 
the hearth, partly by the force of the blast, but principally by the decrepitation of the 
ore on the application of heat. This ore is mixed with a portion of the fuel and lime 
made use of in smelting, all of which are deposited upon the top of the smelting hearth, 
and are called hearth-ends. It is customary to remove the hearth -ends from time to 
time and deposit them in a convenient place, until the end of the year, or some shorter 
period, when they are washed to get rid of the earthy matter they may contain, and 
the metallic portion is roasted at a strong heat, until it begins to soften and cohere 
into lumps, and afterwards smelted in the ore-hearth, exactly in the same way as ore 
undergoing that operation for the first time, as already described. 

It is difficult to state what quantity of hearth -ends .are produced by the smelting of 
a given quantity of ore, but in one instance, the he^th-ends produced in smelting 9751 
bings, on being roasted and reduced in the ore-health, yielded of common lead 315 cwt., 
and the grey slags separated in this process gave, treatment in the slag-hearth, 74 
cwt of slag lead, making the total quantity of lead 362 cwt., which is at Ihe rate of 
3 cwt. 2 qrs. 23 lbs. from the smelting of 100 bings of ore. 

The cost of smelting well-dressed galena at the ore-hearth is as follows : 

8. d. 

Labour ....... 6 1*9 

Coals 2*2 cwt. 0 4*4 

Wood 1*2 „ 0 91 

Lime 0*6 „ 0 3*5 

Repairs 0 1*7 

• JSngine Power : Wages. . 0 10*7? i o.i 

Coara 5*2 cwt 0 10*4 ] __ 

9 6*7 


• 1 bing » 8 cwt. 
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The ore-hearth, aa Ufiam$y constructed, often allows the fumes to fill the mill, when- 
* the draught is def&Ctlve, and thus proves injurious to the health of the work people. 
Under all circumstances, a large volume of air passes into the flue, and bo far diminishes 
the condensation of the lead-fume. 

In order to diminish the objection, the writer introduced the following modifications, 
shown in fig- 610. 

Fig. 610 . 



Tho hearth is covered with a hood of brick- work, a , at the back of which there is an 
opening into the flue. This opening can be enlarged or diminished by means of a 
damper, worked from the outside at b . The opening in front can also be regulated by 
means of a movable iron plate, c, which can be raised or lowered according to circum- 
stances. The hood is firmly bound by iron straps, d d , which are maintained in position 
by screw-bolts above and below the hearth. The opening r, under the arch/, allows the 
workman to regulate the blast, which is admitted at the back through the ordinary tuyere. 

The ore is charged through the opening g, in the side of the hood, and the fdmoce is 
worked from the front, in the manner just described. 

We have now finished our account of the reduction of lead ores, and regret that we 
are compelled to omit many details relating to the various modifications adopted in 
Germany and elsewhere, which are treated at great length in Kerl’s valuable Handbuch 
der Mftallurgischen Huttenkunde , to which we beg to refer the reader for further 
information. 


Chemical JReactions in the Blast Furnace . 


The substances which compose the charge in blast furnaces, are generally either in 
the form of powder more or less fine, or in masses more or less fused. 

The fume is in the form of powder, and consists chiefly of carbonate and sulphate of 
lead. . The dross and lead skimmings are in coarse powder, and contain oxide of lead, 
and some metallic lead mixed with the ashes of the fhel and other earthy matters. t 
1 he furnace-waste contains quartz, clay, and silicate of lead ; while the test-bottoms 
consist either of silicates of lead, &c., or of phosphate of calcium and oxide of lead. The 
ore* and the grey slags are very varied in their composition, containing sulphide and 
oxide of lead, sulphates and silicates of lead, calcium, barium, &c., and differ as much 
111 «J? eir me «hanical condition. 

1 he chemical reactions resulting from the fusion of so varied a mixture of compounds, 

J** ttecssarily of a very complex character, and change even in the different parts of the 
furnace; thus in the 

Upper Zone . — The uncombined oxide of lead, which happens to be present in the 
urn ace in the form of powder, or as a porous mass, is reduced, and as this lead trickles 
J**®. to the hearth, a considerable portion is volatilised. It is necessary, therefor^ in 
ores, dec., to raise the temperature high enough to fuse them into masses, 
^furuace 0 ^ ac * e< * upon, on the surface, by the reducing gases ii 


i in the upper part of 
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The sulphide of lead is not easily decomposed by the aqueous vapour, and reaches 
the lower zone almost unaffected. The sulphate of lead staqpsm the same relation 
The compounds of iron, on the contrary, undergo a striking change, and in feet, pUy 
the part of reactives in the lower zone, in consequence of their reduction in this part 0 f 
the furnace. A high furnace is necessary to complete this reduction, but such a furnace 
would b#unsuitable for lead for the reasons previously given. The size of the pieces 
' of these iron compounds, must therefore be regulated by the height of the furnace being 
smaller as the furnace is lower. ' 8 

Lower Zone. — The matters thus prepared in the upper zone, soften, and gradually 
enter into fusion as they descend, undergoing very complicated chemical changes which 
are difficult to regulate, and in which the reducing gases exercise little action but 
where the solid fuel comes into operation. 3 

The favourable working of the furnace is also assisted, inasmuch as the materials are 
not all equally fusible, and do not all soften at the same time. The matters containing 
the oxide of lead and the slags, melting first, gradually absorb thegangues and produce 
silicates rich in lead. The sulphates are rapidly decomposed by the melted silicates 
and they produce very little sulphides under the reducing action of the solid fuel. Any 
sulphide of lead present, mixes with the metallic silicates, the reduction of the lead- 
compounds commencing only after the formation of the silicates. The reducing action 
is due chiefly to the metallic iron and solid fuel, the sulphides of barium and calcium 
also assisting in the production of the metallic lead. 

Action of the Iron. — This metal decomposes part of the oxide and sulphide of lead, 
forming sulphide of iron and oxide of iron, which combines with the Silicates. The 
sulphide of iron acts energetically on the silicate of lead, producing sulphurous acid, 
protoxide of iron, and metallic lead. When the roasting has been complete, there is 
little or no matt formed, and when a sufficient supply of iron has been produced in 
the upper zone, the lead is *11 precipitated and the slags then contain no oxide of lead. 

The solid fuel assists the action of the iron, but its contact is of course much less 
intimate than that of the metal, which ought therefore to be always present in the pro- 
portion of an equivalent for every equivalent of lend. Under such circumstances, the 
slag is very fusible, and does not contain particles of lead, which being reduced in the 
lower zone tho loss by volatilisation is as small as the volatile nature of this metal 
permits. 

The important point consists in the reduction of sufficient iron in the upper zone, 
without necessitating the employment of a very high furnace. In a lit de fusion con- 
taining 40 per cent, of lead, there ought to be 9 per cent, of iron in the metallic stato 
or an equivalent quantity of iron ore. 

Iron borings, cast iron, &c. have been used, but the proportion of this metal must 
still be in equivaleht quantities to the lead, and they do not act so well as iron finely 
divided, produced bv the reduction of the iron ores. 

Action of the Coke. — The reducing action of the solid fuel may be made to take the 
place of the iron, but unless the gangues and other substances contain sufficient oxide 
of iron to produce a fusible slag, the latter will consist only of earthy bases, requiring 
a high temperature for fusion, and thus increasing the loss of lead by volatilisation. 

Coke has no action on the sulphide of lead, and as the fuel is charged in large pieces, 
its reducing action is limited to surface contact. The fuel should therefore be reduced 
to powder, and intimately mixed with the lit de fusion, while the roasting of the lead- 
compounds should be as complete as possible. This latter operation would, however, 
require a long time, and its expense would prove a great objection. We made some 
experiments on this subject, and found that ip Required upwards of thirty hours’ 
roasting to bring the sulphur, in pure galena, dowp to 4J per cent 

The employment of the fuel in powder, is als&ut tended with the inconvenience of a 
great heat at the furnace-mouth, and the reductroi? takes place high above the tuyere, 
which causes a great loss of lead and silver by volatilisation. It is necessary there- 
fore to employ very low furnaces, and to conduct the fusion very slowly ; but without 
the aid of tne iron there is always an increased loss of lead, when the reduction depends 
upon the fuel, and with such furnaces, the iron-compounds act simply as fluxes. On 
the contrary, in a furnace of suitable height, the intimate mixture of the iron ores and 
the fuel, is very effective, the whole of the metal acting as a reducing agent 

The reducing action of the fuel is attended with another difficulty, as it facilitates 
the conversion of the sulphates into sulphides, which then go to form more or less 
matt. In the case of the sulphates of baryta and lime, the reducing action of the 
fuel is however, to some extent, beneficial, as these substances assist in decomposing th* 
oxide of lead. 

When the matte are poor in lead and Bilver and not in large quantity, their presence 
ia not very objectionable. We have often worked a furnace where the matt contained 
only IT per cent of lead, and 10 dwt 10 grs. silver per ton’ They indicate, when rich* 
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ftitber imperfect roasting in the lead-compounds, or a deficiency of the reducing agents, 
cuiphides of iron, barium, or calcium. 

pron Pyrites as Reducing Agent. — This mineral should be previously roasted to 
expel a portion of the sulphur, when it is to be used in the blast-furnace, but its 
employment has a tendency to increase the formation of matt. The same effect is 
produced, to a greater extent, when the galena employed is loaded with pyrites, since 
these two sulphides enter into combination in the upper zone of the furnace, and the 
matt produced does not act so vigorously upon the silicates as the sulphide of iron 
alone. The matt therefore partly escapes decomposition, and the quantity is accordingly 
increased. 

Fttmf . — This substance, being in the form of powder, ought not to be charged direct, 
but it should undergo a preliminary treatment in a reverberatory furnace. It is 
advisable to mix it with some lead-compounds and a quantity of sand, varying from 15 
to 20per cent., according to its contents in lead. The charge is rapidly heated to the 
point of fusion, and about 8 per cent, of fuel, in small pieces, added. The whole is then 
well worked, to mix the fuel as intimately as possible, which promotes the separation 
of the lead obtained by the reduction of the silicate of lead. 

Action of the Gxngubs. Carbonate of iron. — TJiis substance is converted, more 
or less, into sesquioxide of iron during the roasting process, and only interferes with 
the oxidation of the galena when present in large quantities. It acts in the furnace 
in the manner already explained, and must be regarded as a useful impurity ; but 
when present in larger quantities and intimately mixed with the lead ores, it prevents 
the agglomeration of the powder, even when sand is added. Under such circumstances, 
the reducing action must be moderated in the upper zone of the furnace, and tho union 
of the oxides of iron and lead with some fusible siliceous slags, must be promoted. 
The furnace ought to be low, and driven with a gentle blast ; but with all precautions, 
there is a tendency to gob tho furnace. 

Iron 'pyrites . — When this mineral is present, the roasting requires a longer time, and 
it is difficult to prevent the agglomeration of the ores, with an unduo formation of 
sulphates. Towards the end, the heat must bo raised, and the presence of an excess of 
sand is necessary. The loss of lead and silver by volatilisation in such ores is less, 
however, probably, from the rapid formation of sulphuric acid by the oxidation of the 
pyrites, and the conversion of the lead and silver into sulphates. 

When the roasting is complete, the only reducing agent necessary in the blast- 
furnace is coke, the action of which has been previously explained. 

The arsenical pyrites is always injurious ; the formation of arsenious acid during tho 
roasting, increases the volatilisation of the silver, but the greater part of the arsenic 
remains behind in the form of arsenates. In the blast-furnace, some more arsenic is 
volatilised in the upper zone, and part remains combined with the lead and in the matt 
in the form of areenuret of iron. 

Sulphide of antimony . — During the roasting, tho volatility of the antimony increases 
the loss of lead and silver, and towards the end of this operation, it is impossible to 
decompose the antimonates, even with an excess of gangueB and fusible silicates. 

In the blast-furnace, the antimonates are gradually reduced by the gases, tho iron, 
and. the solid fuel, with tho same facility as the compounds of lead. A part of tho 
antimony is volatilised, by which the loss of lead and silver is increased, and another 
portion passes into thread and matt. The presence of this substance necessitates the 
use of an increased proportion of iron and coke. Tho antimony also accompanies the 
lead in all the subsequent operations, although the greater portion can be removed in 
the calcining process. 

Copper pyrites. — In the blast-furnace, the copper is nearly all reduced at tho same 
time as the lead, and when a matt is formed, a portion of the copper is always present. 
The lead, however, always carries away some copper, which reappears in all tnc sub- 
sequent operations, after giving a characteristic appearance both. to lead and litharge. 

Blende^— -During the roasting, the blende is more rapidly oxidised than the galena,) 
being converted into oxide and sulphate of zinc, which is decomposed with difficulty 
in the second period, while the inrusibility of the oxide impedes the melting of the 
other materials. It is, therefore, necesssary to add some argillaceous compounds to 
*och galenas, and prolong the roasting process. These compounds of zinc are. not 
volatile, but, being infusible, are more liable to be carried off with the current of fczne, 
of which they always form a large proportion ; these fumes are richer in silver 
than those formed m treating similar galenas free from blende. It is not known 
^hat state of chemical combination the silver exists in fume, but from the facte 
observed in treating ores with different gangues, it would ujipear that the presence of 
•liver in the fumes is due more to mechanical than to chemical causes. 

In the upper zone of the blast-furnace, the oxide of zinc is partially reduced, and as 
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the metal descends, it is volatilised, when it acquires a dark red heat, and hums at tb# 
mouth of the furnace, spreading its oxide on all sides. This metal has therefore no 
beneficial action on the reduction of the lead. 

In the lower zone, the* oxide of zinc combines with the silica and retards the fusion 
while the iron does not easily reduce it, and the metal, once formed, is volatilised 
without any appreciable action on the silicates with which it comes in contact. 

The slags contain some oxide of zinc, which render them of a refractory character. 
The lead produced, does not contain much zinc, as the temperature is top high to favour 
the combination of the two metals. . * 

When the roasting has been imperfect, the sulphide of zinc is partiaUylxxidised by 
the aqueous vapour in the upper zone of the furnace, but the greater portion unites with 
the sulphide of lead, and forms matt. The greater porosity of these roasted materials, 
from the presence of the infusible zinc-compounds, increases the reducing action outlie 
gases in the upper zone, and this again adds to the quantity of matt which is formed. 
This zinc-matt is, however, not so fusible as the others, and consequently remains 
longer in contact with the silicate of lead, on which it exerts a reducing action, the 
only benefit derived from the presence of blende. 

The volatility of the zinc increases the loss of lead and silver in various wa^s, by its 
direct action, as well as by its rendering the'roasted materials more porous, in conse- 
quence of the infusibility of its compounds in all the operations of roasting, smelting, 
and treatment of the fume. 

The great object therefore in treating such ores is to diminish the chances of volati- 
lisation, by perfect roasting, and the addition of fusible slags in sufficient quantity to 
overcome the infusibility of the zinc compounds. The beneficial action of iron pyrites 
in such ores, is due to the facility with which it molts, thus counteracting the opposite 
tendency of the blende ; but the quantity necessary to accomplish this effect may, if 
the percentage of blende is great, prove so large as to render the ore too poor for any 
kind of metallurgical treatment. 


ZZ. The Refining of the Lead. 

All lead ores contain more or less silver, and as the latter metal is reduced along 
with the lead, its separation becomes an object of commercial importance. The cost of 
separating silver by the old plan of cupellation, renders it impossible to refine load 
with less than eight ounces of silver per ton, and the world is indebted to the late Mr. 
Pattinson for the discovery of a beautiful process, by* which lead with no more than 
£ oz. will now pay for its extraction. 

The separation of silver, therefore, now involves three operations, viz. desilverisa- 
tion, cupellation, and the reduction of the pot-dross and litharge. 


1. Desilvbkisation. — Pat tin son’s Process . 

This process, known among the workmen as the separating process, and called in 
France, Pattinsonage, consists in slowly cooling the melted lead in iron pots, during 
which a portion of the coutents assume a crystalline form, and sink to the bottom. 
These crystals contain less silver than the portion which remains in a liquid state. 

The composition of this desilverised lead, from different localities, is given in the 
table below. 


Analyses of Desilverised Lead, 


Locality . 

AHenau. 

Stolberg. 

Billach. 

Eschwcller. 

Pirach and Jung. 

English. 

Analyst . 

Strong. 

Strong. 

Streng. 


Streng. 

Streng- 

Lead . 

Antimony . 
Copper 

Iron . 

Zino • 

99957 

0021 

0016 

0*006 

trace 

99-935 

0 007 
0-050 
0006 
0*001 

99-975 

0012 

0 007 
0-006 
trace 

* &-907 

0 053 

0 026 
0-003 
0011 

99*892 

0061 

0041 

0004 

0002 

99980 

0*015 

trace 

0 008 

0 004 

100000 

99-999 

100 000 

xoo-ooo 

100-000 

100*010 


The pots are large metal pans, and are generally set in a row of 10 or more, those to 
the left being called the working pots, and that to the right, which is smaller, 
the market pot, from the circumstance, that the poor lead is ladled from it into the 
pig moulds, ready for market. 

The mode of setting a range of these pots is so dearly shown in 'Jig, 911, as to 
supersede the necessity of any description. 
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BESItVERlSATION. 


The operation is conducted in the following manner:— One of the pots about the 
middle of the range is filled with pigs oflead, which are melted. The dross which forms 
on the surface is Summed off by a small perforated ladle, when the fire is withdrawn 
from the grates below this pot. The lead, as it cools, is constantly stirred, and any 
portion which solidifies round the edges, is removed by an iron paddle or slice, .and 
mixed with the molten lead. In a short time, the crystals, above mentioned, make 
their appearance, and continue to increase in quantity as the cooling progresses. The 
workman then dips a large perforated ladle, represented in fig. 612, into the masB of 
liqura lead and crystals, and withdrawing it, allows the liquid portion to drain away, 
which he hastens by an occasional shake of the ladle. He then attaches to the shank 
of the ladle, a hook, which is suspended at the end of a chain hanging upon the joists 
of the roof, and holding on by the handle, swings the ladle full of crystals over the 
next pot to his right, into which he empties the crystals. He continues this operation 
until the necessary Quantity of lead has been crystallised out, when the liquid portion 
is ladled into the adjoining pot on his left. The same operation is repeated with all 
the intermediate pots, until the desilverised lead arrives at the market-pot, and tho 
enriched lead reaches the rich pot, whence the lead is taken for cupellation. 

The proportion of lead crystallised out in each pot varies very much with the 
richness of the lead at the command of the refiner, and especially if he has original 
leads of different values, by which he can keep up a continuous supply of lead to each 
pot. When the original lead is poor, then what is known as the low system, is adopted, 
where as much as seven-eighths of the lead is separated ; but with richer lead, the high 
system is followed, and as little as two-thirds is removed as crystallised lead. 

During the operation, the large ladle is liable to cool by its repeated exposure to the 
air, and in consequence the perforations become closed by the adhesion of the lead. 
This difficulty is overcome by occasionally dipping the ladle into the small intermediate 
pots on the one side, which are kept full of lead, maintained at a higher temperature 
by a small fire beneath them, as shown an fig. 611. 

The shaking or jerking of the large ladle by the workmen when draining the crystals, 
would ultimately injure the pot, to protect which, a pig of lead with a bar of iron cast 

Fig. 613. 



in its upper surface, is laid on the brond rim of the pot, and this serves at the same 
time as a fulcrum on which the shank of the ladle rests. . , * m . 

These pots often require to be renewed, and as a large weight of metal in the nine 


LEAD: DESILVERISATION. KST 

ig rendered useless in each renewal, the upper portion of the brickwork is covered in 
some works with a circular metal slab, on which the narrow rim of the pot rests, by 
which a saving of expense in the repairs is effected. 

This process is also accompanied by another advantage in purifying the lead. Each 
time the lead is melted, the surface becomes covered with a scum, which contains more 
or less impurity along with the oxide of lead, and this dross being always skimmed 
off, the quality of the lead is continuously improved as it approaches the market-pot. 
This circumstance is so well recognised, that leads containing only one ounce sitaep per 
ton, and even less, are regularly treated by this process, especially when the leaaia to 
be used in the manufacture of white lead. 

An average cost, founded on the crystallisation of 1,917 tons of lead containing 24 
ounces of silver per ton, was found to be as follows : 

* 8 . d . 

Labour 9 7*6 

Coals, 6*2 cwt 1 0*4 

Repairs 0 2*9 

10 10*9 

Stagg*s apparatus. — The expense of labour is an important item in Pat tinson’s pro- 
cess, and none but powerful men arc capable of managing the crystallising ladle. This 
objection attracted the attention of the late Mr. I. I). Stagg, who succeeded in con- 
structing an apparatus for obviating this difficulty. This arrangement, known as Stagg* s 
apparatus , is represented in Jig. 613 ; it consists of a crane and windlass, a b\ a chain 
attached to the end of the shank of the ladle is wound up by the windlass, and draws 
up the ladle, filled with crystals, out of the pot. A workman guides the handle of 
the ladle, which is afterwards placed under a catch, c, of the crane. While tho 
crystals are draining, the ladle is occasionally shaken by the workmen, and by moving 
the crane, the ladle is easily carried over the adjoining pot, into which the czystals 
are emptied. 

Worsley's apparatus. — This gentleman has also patented arrangements by which the 
labour is economised. He fixes an upright shaft in the centre of the pans, with a bear- 
ing at top and bottom, while arms radiate from the shaft to tho sides of the pans ; 
with this apparatus he obviates the ubg of the slice. 

The other plan consists in drilling a £ to £ inch hole horizontally through the side of 
tho pan, about two inches above the bottom. The opening inside the p,gn is covered with 
a sheet-iron strainer screwed down to the pan, and a spout is set in an opening made 
through the side wall of the fire-hole of the pan, to carry off the liquid lead into a pot 
placed outside. The hole in the pan is made tight by a slightly tapering tapping bar. 
The crystals remain behind for further treatment. 

Parkes’ Process . 

This process depends upon the superior attraction of silver for zinc over lead, and 
is applied by Mr. Parkes in the following manner: 

The silver-lead is melted in one of the large pans already described, and raised to 
the temperature of melted zinc. The zinc being melted, is then added, and tho 
fluid metals are stirred for a period of one to two hours. The fire is now lowered 
and the metals allowed to cool down until the lead is about to set. The zinc and silver 
rise to the surface during the interval, and arc removed by means of a perforated 
ladle. 

This alloy is afterwards heated in a sloping iron retort to remove a portion of the 
lead, which contains 1,000 ounces of silver per ton, and is ready for cupellation. Tho 
portion left in the retort, is heated in clay pots to distil off the zinc. The residue con- 
tains silver mixed with the impurities of the original lead and zinc. It is melted 
with lead and cupelled to obtain the silver. ' 

Mr. Parkes also proposed to roast the alloy in close retorts or muffles, bv which it 
was reduced to a fine powder, which was then to be treated with dilute sulphuric acid. 
The foreign oxides dissolved in the acid, leaving the silver, which was treated in the 
usual way. 

The quantity of zinc required to desilverise the lead, depended upon the proportion 
of silver and other metals present in the lead, and he gave the following statement in 
his specification— viz. for 20 cwt. of lead containing 

14 oe. of silver per ton . . . 22*4 lbs. of zinc. 

21 „ „ tr • .*■ - ■* • 33*6 „ 

28 „ „ „ * 44 8 

The loss of lead in this process is said to be about 1 per cent., but on account of 
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the difficulty in treating the alloy of zinc and silver Messrs. Neville are understood to 
have abandoned the plan. 

Separation of Copper in Crystallisation, 


Mr. Baker has published the following results of an inquiry to ascertain how far the 
impurities of lead, viz. silver, copper and iron, are removed in this process of crystalli- 
sation. 

The original lead contained : 

1 2 

Silver . . .0*0046 0*0062 

Copper • . . 0*0066 0*0164 

Iron. . . . 0*0066 0*0068 


Sulphur 


trace trace. 


various products of the process contained : 

Rich Pot : — 


Silver. 

Before crystallising . 

. 

. 0*0108 

Crystals, 26 pts. 

. 

. 0*0052 

Fluid lead, 85 pts. . 

. . 

. 0*0140 

Second Pot : — 

Before crystallising . 

. . 

. 0 0052 

Crystals, 96 pts. 

. . 

. 0*0020 

Fluid lead, 25 pts. . 

. . 

. 0 0126 

Third Pot: — 

Before crystallising . 

. 

. 0*0020 

Crystals, 70 pts. 

• 

. 0*0010 

Fluid lead, 25 pts. . 

. 

. 0*0100 

Fourth Pot : — 

Refined load . 

. 

. 0 0014 


Copper. 

Iron. 

0*0344 

0*0312 

0*0152 

0*0086 

0*0476 

0*0122 

0*0154 

0*0068 

0*0066 

00118 

0*0286 

00146 

0*0102 

00118 

0*0038 

00198 

0*0240 

0*0082 

0*0054 

0*0112 


From this Mr. Baker very naturally draws the conclusion that there is an alloy of 
copper-lead which remains fluid when crystals of lead are formed, and that when the 
former metal is present in moderate proportions, it may bo separated from the latter 
by a process similar to that of Pattinson. 

This statement has been disputed by Reich and Streng, who deduce from their ex- 
periments the conclusion, that tho copper is not separated ; but the writer, without 
having analysed the different leads, inclines to believe in the correctness of Mr. Baker’s 
conclusions. 


2. CuPELLATION OR REFINING OF THE RlCH LeAD. 


Although it may be difficult to assign a correct interpretation to Hebrew terms of 
art, yet we think it is clear that the use of lead in purifying other metals was known 
in very ancient times. Jeremiah would seem to allude to this fact in the passage in 
ch. vi. ver. 29, and similar reference is made in Ezekiel xxii. 18-22, Malachi iii. 2, 3. 
The first notice of the process of cupellation among the ancients, appears in tho 
works of Dioscorides ; and Pliny and Geber describe an operation which is a true 
cupellation by means of lead. In 1343, Philippe le Bel issued an ordinance prescrib- 
ing th© use of cupels for testing the precious metals. In 1666, Agricola in his work, 
J)e re Metallica , fully describes the whole process, with instructions how to make the 
tests ; this was followed by the work of Barba, Arte de los Metalcs, in 1640, where the 
construction of the refining furnaces is minutely explained/ 

The chief object is generally to separate the silver frdfa. the lead, but when an oxide 
of lead in the form of litharge is wanted, then the former fcefcomes a secondary operation. 

There are many modifications as to the form of furnfcee, mode of refining, See., but 
only what may be called two distinct methods of cupellation — vi*. the English and 
German. 

The English System, 

The peculiarities of this system consist in the cupel being movable, and the lead 
being fed at intervals. 

The fitrnace, which is termed a Refinery, is represented in figs. 614, 615, where two 
cupels can be worked at the same time when necessary ; a a are the positions of the 
cupels or tests, one of which is shown resting on an iron waggon, b ; cc, the pots contain- 
ing the rich lead in a melted state, which is ladled into an iron gutter, ad, to supply 
the test ; e e, the point where the blast enters, and //the opening or gate, through which 
the litharge is blown over into a pot below ; gg , the fire grates, and h h the ash pits; 

the fines, and kk the chimneys. 
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Fig. 614 . 



Fig. 615. 



The bottom or solo of this reverberatory furnace is formed of bone-ash, finely ground, 
which is prepared by moistening it with a very weak solution of pearl-ashes. This 
mixture is placed within an oval iron jpjg m ($16. 

frame-work, formed of an iron ring 


a {fig. 616) about four inches deep, 
called the test-ring , and iron bars cross 
the bottom b h. The bone-ash mixture 
is then carefully and firmly beaten 
down with iron rammers. The centre 
of this mass is then scooped out by 
means of a small trowel, as seen at e, 
and the portion round the sides and 
ends, d d d, left as walls to retain 
the melted metals. 

As the success of the cupellation 
depends in a great measure on the 
careful preparation of the cupel, an 
apparatus has been contrived to giro 
a proper consistence to the bone- 



Fig. 617. 







MO 
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The test is allowed to dry in the air for some time, and then placed on the waggon 
which is run into position. The test is then wedged tight up against an iron ring 
built firmly in the masonry. The fire is now lighted and the test carefully annealed, 
otherwise it is liable to crack. When perfectly dry, it is heated to a dullredness, and 
then filled with the melted rich lead. - 

This lead soon becomes coated with a greyish dross, but as the heat increases, the 
surface of the lead appears, and the formation of litharge commences. The blast is now 
turned on, and while supplying the oxygen necessary for the oxidation of the lead it 
drives the litharge to the mouth of the refinery, where it flows in a continuous stream 
over the gate into a little iron pot placed on wheels for the convenience of removal 

When there is only enough rich lead to yield a small cake of silver, the refining is 
completed in the same test, and in that case, the workman cuts down the opening in the 
bone-ash at this end of the test, which is called the gate, to the level of the melted lead, 
until the fining of the silver commences. • 

When there is a stock of rich lead, the concentration of the silver is confined to the 
first test, which is called the lead-test. As soon as the silver amounts to about 8 per 
cent, of tho contents of the test, a small hole is carefully drilled in the bottom, and the 
rich alloy is run into moulds. The hole is then closed by a pellet of bone-ash, and 
another cupellation commenced. The rich alloy is afterwards refined in the same 
manner in another test, hence called the silver-test. 

When tho lead has been nearly all oxidised, the film of silver becomes thinner and 
thinner; it then exhibits a succession of the beautiful iridescent tints of Newton’s rings, 
and at length the film of oxide disappears, revealing the brilliant surface of silver 
beneath. Such is Dr. Miller’s admirable description of this beautiful phenomenon, 
known as thz figuration of the metal, or as the men call it, the brightening of the 
plate. 

At this point the blast is turned off, the fire withdrawn, and the silver allowed 
to cool. When the silver has set and begun to harden, the wedges are removed, and 
the test with its cake of silver falls on the iron waggon. When cold, it is removed, the 
impurities adhering to its under surface are chipped off, and the silver is ready for 
fusing into ingots. 

During the cupellation, the silver absorbs oxygen, which is evolved as the metal 
cools, forming crater-like eruptions on the surface, and the extent of these pro- 
tuberances is a very good indication of the purity of the silver. 

There is not much silver lost in the refinery by volatilisation, b^t a com- 
paratively large absorption takes place in the test. We have assayed several test- 
bottoms, and have found the contents in silver to vary from 74 oz. to 115 oz. per ton 
of test. 

Chambers' Steam Blast . — The blast employed in refining must be soft, and is best 
supplied by means of a fan, but a very excellent plan of Mr. Chambers was tried by 
the writer, and furnished very good results. It consisted in substituting a steam jet 
for the blast of air, and as the steam passed through a wide nozzle, it carried sufficient 
air along with it to oxidise the lead, while mixing a body of steam with the lead fume, 
which was thus more completely recovered in the long flues by the condensation of the 
steam. 

A more simple and compact form of refinery is shown in figs. 618, 619, where the steam 
blast-pipe is represented entering the furnace at a. This refinery is also fitted with an 
iron hood, 5, placed in front of the working door, where occasional puife of fhme are 
blown over the workman. This fume is carried off by an iron pipe, c, into the chimney, 
and this protects the men from tho iiyurious consequences of inhaling the lead smoke. 

The following statement as to the cost of refining;^ founded on the cupellation of 
rich lead, which produced upwards of 60,000 oz. fine Bilver: 


Labour .... 

Coals . 4*7 cwt. 

Pearl-ashes 0*6 lbs. 

Bone-ashes 18*7 „ 

Repairs .... 

Engine Power: Coals cwt. 6 2 = 0 10*4 
Wages . . 1 0*3 


s. d. 
3 10 3 
0 9*4 
0 4*0 
3 3*8 
0 2*0 

-1 10*7 


Per ton of lead 10 4*2 

or 8s. l*ld. per 100 oz. of silver. 

When the silver has been removed, the test is broken up, those portions of the hone- 
ash which are free from lead, being removed for subsequent use, and the rest is generally 
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carried to the slag-hearth or blast-furnace, where the bone- ash of oonne is lost Mr 
Johnson recovers this bone-ash as follows : — 

Johnson *s Process .— He reduces the cupel to a powder, and mixes it with acetio 
of 1*030 tod/048 specific gravity, in sufficient quantity to reader the mixture of a thin 

Fig. 618. 



Ui- j | t 


FT 


1 1 
-J 


j*®jijtenoe to admit of its being well agitated in a dolly tub. The greater part of the 
eaa dissolves, and by renewing the acid, a further quantity is removed, so that, on wording 
to separate all the solution, the bone-ash is sufficiently pure to be employed 
y nuting tests. The solutions yield the lead, in the form of sugar of lead, by 
concentration. 


' jjj E/A 4>U ^hLLA'llW* 

.7 The German System 

ditto* from the English in forming the hearth of marl instead of hone-eeh; and in 
making it Qf large dimensions, and'charging all the lead at one time. m*t. 

The form aha construction of this furnace is shown in Jig. 620, which waken from 
an excellent treatise on the Metallurgy of Lead by Dr. Lamborn. The corner on the 

> Fig . 620 . 



right is removed, to show the interior. The circular portion contains the hearth and R 
rectangular fireplace. The foundations, F F, are built of stone, cramped with iron rods, 
and merced with openings to carry off the moisture. A, represents the fireplace, m 
which either wood or coal can be burnt. The hearth is formed of bricks set on edge 
on a bed of scoriae which has been well beaten down. A. layer of marl, also carefully . 
beaten with iron rammers, is formed on the bricks, and this bed is generally renewed 
at each cupellation. A wall, K K, surrounds the hearty and serves to support a 
movable cap, C, which is formed of sheet iron, strengthened by bars on its upper side, 
and. lined with clay secured by numerous iron straps. Ibe cap is suspended by chains 
from the crane R, and supported by a lever, L, so that it can be raised or removed on 
cmestde, wK —ry. The opening, G, opposite the fire-bridge, B, sertes to «- 
troduw the materials of which the hearth is constructed, as well as the lead to be 
refined, and acts as a chimney to carry off the prodigjg of combustion. The workm 
watches the operation through an opening m the corfleT, which is removed ml the wood 
cut through which the vapours pass away. The blast enters at T, through tw°tiyere«f 
whose nobles are frequently covered by two small valves, called butterflies, to ifluse 

the blast over all the surface of the bath. . , 

When all is ready for work, a thm bed of straw is laid upon the dearth, on 
which the pigs of rich lead are piled. The cap, C, is then lowered on the ^ fluted 
with clay all round the edges. The fire is then lighted, and soon after the lead & 
melted, its surface is covered with a dark crust called abeugs, consisting of the oxides of 
the foreign metals, and other impurities from the lead. This crust is drawn off 
Z w 0 rkSg_door, opposite T. The fire «• >*+ -P ; 


appears, is known under the name of cupreous or wild Litharge, and at 

hours, the formation of the true litharge commences. Tne heat is now ifuuntainea .. 

between a cherry and a bright red, until the operation is complete. 
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Analyses of the ^Products of CwpeUation . 


513 


*Jr. 


Tedudoal names . 




AbHrklu. ~ 


* 


' Abngt. 

locality . 

P*ol- 

leotMu, 

is. 

Pool— 

Imoco, 

tart. 

HoU- 

’f!t 

Vllto- 

fbrt. 

Frd- 

twrjj. 

K*t»- 

•nthal, 

irt. 

Krts- 

•bUmI, 

UM. 


Paul. 

iMoum. 

R 1 

proto* id e%f lead . 

63*60 

84*40 

68 00 

82*00 

96*50 

67*60 

88-80 

89*60 

3610 

63*1 

Oxide of copper 


0*80 

trAce 


0*50 

0 40 


0*20 

4 60 

1*1 

Oxide of sine . . • 

7 00 

5 20 

. . 

. . 

1*10 

0*20 

. . 

i*;k> 

5*0u 

4-6 

Seaquloxide of Iron • « 


. . 

400 

, , 

0*30 

4*40 

, . 

2-60 

6 10 

5*4 



with Sil. 



with Sll. 

with Sil 


0 80 
0-70 


Alumina . . • • 

Lime .... 


•' I 

acid 

14 (0 

# * 

“ 

acid 

7*60 

acid 

6*00 



Antimontc acid 

28*60 

9-00 

14*00 

1760 







TeiUxide of antimony . 



. • 

. . 

2 30 

19 70 

. . 

, . 

4*80 

0*6 

Arsenic acid i 




. . 

G*20 

0*70 

. . 


Silicic aetd 

*1*60 

. . 

. . 

. . 


. . 

• • 


6*80 

HN 

Sulphur .... 


• • 

• a 

0*40 

. . 

0*30 

. . 


680 


Metallic lead . 




• * 


* ■ 



31*40 



There are two varieties of litharge obtained, distinguished by their colour, yellow 
and red t the former bein^j in fused pieces, while the latter is in Hakes. The difference 
arises from their mechanical condition, which results from a difference in the cooling. 


Analyses of Litharge. 


locality 

Freiberg, 

yellow. 


Haisbriicke. 

red. | bluck. 

Claufttbai. 

Unter- 
Hart, last. 

Authority . 

Jteratcn. 

Plattncr. 

Rammeiaborg. 

B r U n 1. 

Ulrich. 

Protoxide of lead 

96*21 


96*35 

91 68 

99 09 

58 13 

„ of copper . 

0*82 

0*95 

1*35 

0 59 

0*40 

0-28 

Sosquioxide of iron . 

0 41 


0-66 

0*59 

trace 

35*2 6 

Oxide of bismuth 







Protoxide of zinc 

1-31 






Protoxide of silver 

0*003 

# # 




071 

Arsen ious acid . 

1 21 

| 156 




Teroxide of antimony 
Silicic acid 


0*45 

0*59 


375 

Carbonic acid 

a • 

# . 

270 

200 



hime . , , . 

• • 

• • 

0 49 





The period when the operation approaches a termination is marked by the brighten- 
ing of the melted mass, when some hot water is thrown over its surface, and as soon as 
the silver begins to solidify, cold water is used to harden the cake. This silver contains 
2 or 3 per cent, of lead, and is refined by another process. 


Separation of Lead from Bismuth. 

This process of cupellation has been employed byPaterato separate the two metals, 
lead and bismuth. At Joachimsthal in Bohemia, the small quantity of bismuth in the 
ore gradually accumulates in the rich lead, and when the latter is submitted to cupel- 
lation, a green litharge makes its appearance towards the end of the operation. 'This 
substance, called M Black Litharge/’ is reduced and refined in the usual way. The lead 
is first oxidised, and leaves the bismuth, nearly pure, on the test. This impure metal 
js refined in a second cupellation, and the bismuth so obtained is veiy pure, as indicated 
hy the following analysis : 


Bismuth . 9958 

Silver . O' 42 

lead . . trace 

Iron . . trace 

10000 


The original alloy obtained by reducing the black litharge, consists of: 
Bismuth . 34*6 

Lead . . 65*5 


Vol. ITT, 


1000 
L L 















of the QnpeUation is careftilly watched, ‘.a 
ge and the metal on the test are analysed from time to time, 
ssolved in nitric acid, and an excess of hydrochloric acid is 
metals inter chlorides. Strong alcohol is»4ded, wj^jpoipitate* 
silver and leaoj' the ibisnjnth is thrown dawn 
ammonia, then filtered, and weighed. : S : 


, and weighed. 

Manufacture ef 1 



An oxide of lead is in demand for the preparation of Acetate of lead and other 
irposes, and this snbstance is produced in two forms, as Flake and Levigated 
litharge. ^ ” 


purposes, and this snbstance is produced in two forms, as 
‘tharge. ^ 

Flake Litharge . — When litharge is manufactured for sale, the purest lead; notq &k 
in silver, is selected for cupellation. The refining process is conducted m alrealw 
described, but the oxide of lead at the commencement and termination of tile cupel]*? 
tion is rejected. 

The litharge, as it flows from the test, is received in large pots fitted on wheels, iq 
whid h^ ft is allowed slowly to cool. In some cases, the pots are heated so that the 
i^N^Hj|Bay be more gradual, as the proportion of the flake litharge depends upon this 
When the pots are emptied, the mass of litharge falls, and the whole ig 
pasiisL through a circular temse, working in a close wooden erection to protect the men 
from the dtt&fc The flneflake litharge is collected and packed in casks. ' / v 

Levigated Litharge . — Tne portion of litharge which does not fall, but remains in hard 
fused pieces, is employed for tho manufacture of levigated litharge. 

The process consists in simply grinding this fused litharge between horizontal stones 
with a fupply of water. The mill employed for the purpose is seen in figs. 621, 622. 

>v Fig. 621. 



Motion is communicated to the driving wheel, a, on the upright shaft, b, which works 
into the wheels* c c c, on the spindle d d d f turning the upper stones of the three 
pairs e e e. The litharge, along with a small stream of water, is fiftt into the lower 
pairs, as it is seldom necessary to pass it through two sets of stone*. The „ 

mass then falls into the dolly-tubs,//, which are agitated by means oflMbe 
g g driven by the belts, h h t working round a sheave, i, on the upriglrfdhftft ^ rhA *** 



Litharge. «*s 

/ito aiB water along the spouta, t i It k, and depeaita &ll#^ 
are *kept Ml of water. The overflow escapes at m» into t$W 
i there are three putaps^O a arid jp, all worked by getri&a 
> main shaft, ^e l^^fcom the pomps, o o, tnppliee4ihe do&y- 
''‘'arsflijHdpnOHS^vw ^sMteition of tfca,t|k)rtion which is 
broad spouts, £ Irk* The pomp, p, 
t witht&ifthargp a# it eaters the eve of the stones, through 
i, and fwwaahiag the outside Caste and rims of the stones, through the 

P * P ^ ,l ^nthe tanks are filled with litharge, they are allowed to stand for some time. 

L ’ *dbs and the wateris run off by plugs or siphons. The litharge is 
t dried at a very low heat in a reverberatory Aim ace. It is afterwards 
t in casks lined with paper. 

- 3. Reduction op the Pot-dross and Litharge. 

In the previous operations, more or less of the lead is converted into an oxide, in the 
form of dross in the desilverising pans, and as litharge in the cupellation. . ;t 

The furnace in which these substances are reduced resembles the smelting ftf^aos, ' 
and is of the ordinary reverberatory character. The sole slopes from the 
a point near the flue, where an iron gutter is inserted in the brickwork which & flSriflr 
closed, and through which the lead runs into an iron pot on the outside, whence it is 

ladled into pig moulds. ^ 

-This fhrnace is shown in section and plan in figs. 623, 624, where A represents the 

Fig. 623. 






Fig. 624. 
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and cod is thrown near tovthe fire-bridge. The ignition of tne rnei ana uw reducing 
gfte wi in the furnace soon causes a reduction of the metallic oxides, and the liquid 
metal trickling down through, the porous mass, finds its way to the point, F, whence it 
flows into the metal pot, 0. . The charge is frequently turned over by an iron rake to 
present fresh surface ; fco the reducing action of the fuel, and to facilitate the escape of 
the lead. Fresh charges are introduced during the shift, and at the close of the day, 
the residual matters, teamed cinders, arc raked out. 

In smelting works, there ought to be at least three of these reducing furnaces, in 
which the oxidised products of the different operations can be reduced, viz., one for pot- 
drosses, another for litharges, and a third for calciner’s dross, to be described in the 
next section. This necessity arises from the difference in the quality of the lead pro- 
duced, and which, by being mixed, would afterwards entail an unnecessary expense. 

The dross is reduced in precisely the same way as the litharge, but when it is very 
impure, the addition of a little soda-ash facilitates the operation and increases the p-o- 
dyce of metal. The dross from the poor pans must also be kept distinct from that of 
the rich pans, as the difference in the contents of silver saves some expense in the sub- 
sequent desilveriaation of the two leads. 

The same remark applies to the litharge, especially that which flows off towards the 
conclusion of the cupellation. 

The cost of reducing litharge and pot-dross is nearly the same, and the following 
details may be taken as an, average : 

8. d. 

1 Labour . . .2 8-7 


Coals, 4*1 cwt. . . 0 8*2 

Repairs . . . 0 1*0 


3 6 9 per ton. 


XXX. Softening of hard I*ead. 

All the lead produced at the blast-furnaces, and some leads obtained from poor ores 
in the reverberatory furnaces, arc so hard from the presence of impurities or other causes, 
as to render them unfit for treatment in the desilverising process. The lead obtained 
from the English slag-hearth (p. 520) is also of the same character, and, until within 
about the last twenty years, was sold for running lead-joints, &c., irrespective of its 
contents in silver. The composition of some of those hard leads is given in the follow- 
ing table : 


Analyses of Hard Leads . 


Authority . 


Rich- 
aril- 
m o n. 

Ker- 
s ten. 

Ri- 
se h o fT 

Streng- *in£’j 

■ on. j 

Locality . 

Altcn- Unte*- 
autnr. harx. 

Oker- 

httttc. 

!i»b. 

Frei 

ber«. 

Hoi*- K.tz- Vllle- Pont- 

apfd. enlha!. fort. gibaud. 

Claut- Span- Lau Andrt- 
thal. tail, terthal. Mber* 

Lead . 

83 91 8472 

82 40 

99*27 

91-51 

81-27 91-40 9.V60 93 00 91*4 

86-34 95*81 j 83-66 77*7» 

Antimony. 

1601 1032 

1004 

0 57 

6‘32 

16 40 8 20 2*40 7 00 8*2 

14 06 3-66,16 00 2127 

Arsenic 

. . 2-00 

3-00 


1*02 

. . 0*40 . . . . 0*4 


Copper 

0 04 1-68 

2-28 

0 12 

0-90 

2-29 . . traces traces . . 

. . 0*32 | 0*13 016 

Iron . ) 
Zlne . j 

0 04 0 88 

1-08 

0-04 

0-62 

0*04 

0*10 0 21 | }0 30 0*42 

Sulphftr . 



• • 

0-20 


' ’ 1 


The writer having carefully examined the W B slag-lead, found that its hardness was 
mainly due to the presence qf antimony. He then suggested the erection of furnaces in 
which this lead, m a melted state, could be exposed to a current of hot air. The result was 
the production of a good soft lead, at so reasonsfljjjp a cost as to render the. process 
available as a regular operation in smelt mills. # 

Soon afterwards, the first cargoes of the now well-known Spanish hard lead arrived at 
Lftrorpool; but the smelters there would not purchase them, and one cargo was tran* 
shipped to Newcastle-on-Tyue. This lead could not be softened in the brick furnaces, 
being so fluid when melted, as to find its way out of the furnace in all directions. The 
late Mr. GK Burnett, who consulted the writer on the subject, and witnessed the treatment 
of the slag-lead at Mr. Beaumont’s works at Blaydon, then proposed the simple but 
admirable plan of lining the furnace with a metal pan. Thus was laid the foundation 
of a trade with Spain, which has gone on increasing, until, it is said, upwards of 20,000 
tons of this description of lead are annually produced in that country. 

Calcination of the Lead. 

'The furnace generally employed in this operation, termed calcining or improving by 
the workpeople, is represented in the figs. 626, 626 in elevation ana vertical ®®pUon. 
A is the fireplace; B, ash-pit; C, fire-bridge; D, cast-iron pan; E, flue; F F 
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channels for tie escape of moisture ; G, a working 4oor ; and H, the spout for running - 
off the soft lead. 

The lead is either thrown into the pan in pigs, or previously melted and ladled into 

Fig. 625. 



a spout, which carries it to the pan. The charge varies from 6 to 10 tons, and the 
time required for calcination depends upon the quality of the lead. With English slag 
lead, a few hours are sufficient, and the writer has witnessed a charge of hard lead, 
obtained from reducing the dross of previous operations, require 30 days for softening. 

As soon as the furnace is at a working heat, the surface of the load becomes 
coated with the impure dross, which is removed by skimming, and withdrawn through 
the working door. If the lead is very impure, this dross floats in a semi-fluid state on 


Fig. 027. 



the surface of the lead, and must he dried up with a little lime to bring it into a eott* 
Oitmxi capable of being removed. The workman dips a ladle into the lead when he 
t«*nks the calcination is about complete, and pours it into a mould. The sample ia 
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. examined when cold, and if it is soft to the scratch, with a flaky, crystalline appearance 
on the surface, the contents of the pan are ready to be run off through the iron spout, 
< into a pot on wheels, whence it is ladled into pig moulds. 

An improvement has been made on the above simple form of furnace, which is shown 
in fiat, 627, 628, representing a front view and a longitudinal section. The hard lead is 
melted in the pot, a, which is heated by the fire, b . The calcining pan, c, is supplied 
with melted lead from the pot by raising the plug, d. The soft lead is run into the 
pot, e , and then cast into pigs. This form of furnace possesses great advantages when 
softening extra-hard lead, as the calcining pan can easily be kept always full, with 
very little labour. , . _ 

The produce of soft lead from the hard leads, of course, vanes greatly, as will be seen 
from tine following table, which contains the results of the treatment of many hundreds 
of tons of most of the descriptions named : • 

Good Spanish hard lead .... 93*2 per cent, soft lead. 

Hard lead from crystallising dross . . 90*3 „ „ 

Hard lead from economic furnaces . . 84*3 „ „ 

English slag lead 871 » » 

Slag lead from Spanish dross . . . 66‘9 „ „ 

Slag lead from refuse products • . • 6 7 ’3 „ „ 

Tea lead ♦ 76*4 „ »» 

We have mentioned tea lead as among the hard leads which can be treated by this 
process, and we have found that tin is as easily separated thereby as antimony. 

The following hard leads were mixed and submitted to calcination : 


Ordinary Spanish hard lead . 


tons. 

. 1436 

cwt, 

9 

Ore slag lead . . . 


100 

18 

Dross ,| . « * . 


. 69 

12 

Spanish 


60 

9 

Mill ,, • . • • 


. 128 

16 

English 

Tea hard lead . • • 


76 

16 

• 

. 9 

15 

Fume „ . . • 

t 

3 

19 

At a cost, per ton, for : 

8. 

tons 1885 

d. 

”"l3 

Labour 

. 2 

53 


Coals, cwt. 5 

. 0 

100 


Repairs . 

. 0 

1*6 



3~ 

^ 4*9 



Pontifex and GlassfonVs Process .— These gentlemen employ the ordinary calcining 
pan-furnace, and when the charge has been in operation for a few hours, the dross being 
removed as usual, a few pounds of the following mixture is spread evenly over tho 
surface of the bright lead. The doors are closed, and in about 10 to 20 minutes, a 
brown or yellowish-brown cake collects on the surface. Fresh fuel is then thrown on 
the fire, and in a few minutes, when the smoke has cleared away, the doors are opened, 
and the cake is removed. This is repeated until th^cake formed possesses a bright or 
brown colour. When the alkaline mixture is u$ed, with a charge of 9 or 10 tons of 
lead, about 66 lbs. are required during the 24 hours’ operation. When the other mix- 
ture is employed under the same circumstances, quantity required varies between 
40 and 60 lbs. 

The mixtures recommended are as follows : 

1. For lead containing from 3 to 16 per cent, of antimony, the mixture consists of: 

3 parts of nitrate of soda. 

4 „ soda-ash. 

4 „ burnt lime. 

2. For lead containing 2 to 3 per cent, of antimony, and from } to 1^ per cent of 
silica, the mixture consists of equal parts of soda-ash and caustic lime. 

We understand that this process has been discontinued, and if it be true that the 
antimony exists in the hard lead in the form of an alloy of antimony and lead, which 
when the whole is melted, rises to the surface in consequence of its lower specific 
we cannot see how the time of softening should be shortened with advantage, at the nextra 
cost of so expensive an oxidising agent as nitrate of soda. In the old mode of working 
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when the surface of the lead is kent constantly clear of dross by the calciner, the alloy, 
it rises, is immediately oxidised by the current of hot air, whereas in this process, a 
considerable time is lost in allowing the mixture to act, and before the crusts am 
removed. 

Mr. Barker of Sheffield has, however, succeeded in using the nitrate of soda and bisul* 
nhate of soda to advantage in this process, possibly from the fact that the impurities itj 
his lead are so much smaller than m those of Spain, and by performing the operation, 
it is said, in crucibles. 

Reduction of the Dross. 

This process is performed in an ordinary reducing furnace, of smaller dimensions 
than usual, as the charges are smaller and require more attention to prevent the loss of 
antimony by volatilisation. The writer also introduced the use of a little soda-ash with 
the coal, when mixed with the dross, which was found to render the slag which is 
formed, more fusible, and enabled the workman to work at a lower heat The following 
analyses of the hard lead obtained from this dross, with and without the addition of this 
flux, prove the advantage of its employment : 

Without the With ij per cent. 


goda-ash. of loda-aih. 

Lead 82 88 6870 

Antimony 16 09 4066 

Copper . . . * 0'68 0-32 

Iron ..•••• 0'35 

100-00 100*00 


With the use of this flux, and continuing the calcining operation on the produco of 
the reducing furnace, the metals obtained wore found to possess the following com- 
position, according to the analyses of the writer : 


English Hard Lead. 


Lead . 
Antimony . 
Copper 

Iron . 

• 

Original lead. lit 

. 99*27 

0*57 

. 0-12 

. 004 

calcination. 

8663 

11-29 

traces 

0*34 

2nd calcination. 

62*84 

47 16 
traces 
traces 



100*00 

98-16 

10000 

Lead 

Antimony . 
Copper 

Iron . . 

• 

Spanish Hard Lead. 

Original lead. lit 

96-81 

366 

0*32 

. 0-21 

calcination. 

64‘98 

29-84 

6-90 

020 

2nd calcination. 
66-60 
4340 
traces 
traces 



100-00 

100-92 

100 00 


It was found impossible to separate any soft lead from the product of the second cal- 
cination, all the metal becoming oxidised. This alloy is found of great use in casting 
type furniture, and in making some of the coarser kinds of type. 

The cost of reducing the dross, per ton of lead produced, is as follows : 

s. d. 

6 21 

1 3*2 

2 1*5 


8 6*8 


Labour . 

Coals, 7*6 cwt. 
Soda- ash, 34 lbs. 
Repairs 


Separation of the Antimony . 

Instead of reducing the dross which yields the lead of the second l calcination the 
writer proposed to gnnd it to powder, and treat it with acetic acid, by which aU the 
lead is dissolved, and yields sugar of lead by evaporation and crystallisateon. The 
insoluble residuum, when reduced in the usual method employed for antimony ore*. 

furnishes this metal very readily, and of fair quality. . , 

The same process is applicable to the separation of the oxide of tin when the araw 
has been formed by treating tea lead. 
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Cott 0} treating Spaniih Hard Lead. 

Th. Spanish hard-lead trade ha. 

in concluding this account of the treatmento sparing the soft lead formartet. 

to gfve the cost K' of the original hard Mead: 

The cost of each item of expense is third, on 9 per cent. ; the fourth, on 

thu. the eecond item ie on 6 per cent le - h ‘ h origina i lead ; the seventh, eighth and 
»&i per cent ; the fifth, on 7 P" th P establishment. A similar state- 

X have been unintelligible to moat readers. 

_ _ 1 T> 


Cost of Softening and Refining Spanish Lead . 

£ s» cLt 

1. Calcining 

2. Crystallising . • 

3. Refining . • * ' 

4. Reducing litharge and pot-dross 

6. Reducing calcining dross . 

6. Smelting refuse products . 

7. Grinding materials . 

8. General labour . 

9. General charges 


3 4*9 
10 4*4 
0 11 1 

2*8 
7*2 
4*2 
6*8 
4 1 
8*2 


1 

0 

0. 

0 

2 

a 


£1 3 47 


XV. Smelting of the Btoga and other Products. 

All the waste products resulting from all ^^'^'^.^“^"litha^o and dross 
slags from the reverberatory furnace and o , to a process of re- 

Eil'iS 1 iffiS S •— 1 “ - 

illustration of the other method. 

1. The English Slag Hearth 

is known among the Germans as the general form and 

the French as the fourncau-a-manche, SO mewhat resembles tl\6 

construction of this furnace are shown in figs . 629, 630, &c. 
ore-hearth. ^ ^ Fiy 630 . 



cyf 

51 

a ^ 

c 

~wi 

I. 


Hearth. — The sole-plate, 0, is made of. ^n<£hof the long sides of 
hearth, 4. There are strong east- iron piece , ^ thd»»t-iron plate, or forciUm', rf, 

the sole-plate, which support “ de back i» made otiast iron up to the horizontal 
which forme the front of the shaft The back is m A cistern, e, stands in 

- iron ^ 4 

from below by a fire. u cind( . rei beaten down, and reaching to 

The bottom of the furnace is filled won rimilar cinders, which 

within* orfi inches o fho ‘uyere^ IbXlmetim^^mpany the metal. Peat i. 
filter the lead from the fusible g® itroited and the blast turned on. 
then piled up above the bed of eiders, ’ n in aDt i a layer of grey slag or other 

When the peat is ignited, some ^ £ the opendion precede, 

refuse lead product is added. T , metallic lead being produced, and a fusible 

alternate layer* of The^melter oceeeionall/forees a bent iron bar 

ssjw^ai 1 ££rs.5t. *» -*■* 
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*. ^ «** fc ™y tai - ^ “ d u f te ^ 

^srst35»- 

8l 1 ‘ a V« XmiSr rrp.T»l ti* operation, a. the lowing comparatrv. 

with cold air consumed 392 cubic feet of au per -»*' 
and cost: _ \ * * 

Labour. • . • _ , 4 * ’ . 8 U 8 
Coke 7 tons at 24«. 6<Z. . • • -jpjPa 

«n«t- £ *• d% 

® 0-1, ..378 

labour • • ‘ u , Vj .734 

Coke, 5 tons. 17 cwt, at 24 j. Orf. • () lg 4 

Turf for heating air, U loads all*. 8 • 


The saving is therefore very 


ry considerable when hot air at 500° to 600° F. is employed. 





.ep'-VWJWr*" ’'Vi- 

■; i :3S3to« • v • 

aV‘* -i lv 

(fe^ganoje^-s. 


their nozzles, six or seven inches 101 h , 
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•access of the operation greatly depends npon the proper management of this point, as 
these chanrels prevent the oxidation of the lead, which would give rise to the fo rmati on 
Of fusible silicates of lead 

Under all circumstances, a large quantity of lead is volatilised, and the whole of the 
vapours escaping from the tunnel-hole, T, pass through a series of chambers, C C, before 
entering the chimney, D. The fume which condenses is occasionally removed through 
the doors, d ', and is again thrown into the furnace along with other products. 

The scoriae flow continuously into the fore-hearth, where they solidify and are 
drawn down the inclined plane, p, by the workman, to the floor of die mill. When the 
basin, b, becomes filled with metal, it is tapped into. the reservoir, a. 

The products which are collected in the outer basin consist of lead, upon which a 
matt floats. This matt solidifies first, and is removed for further treatment, when the 
Ipad is passed through a metal sieve, and cast into pigs. 

The matt contains sulphides of lead and other metals, and when they accumulate, they 
are roasted in heaps to expel the sulphur ; but so imperfect is the operation, that some 
portions must undergo as many as four roastings. 

When the roasting is finished, the residue is smelted in the German slag-hearth, 
along with test-bottoms and other waste products. The lit de fusion is composed of: 

32 parts of roasted matt. 

80 „ rich grey slags. 

4 5 „ test-bottoms. 

2 „ abstrichs. 

2 ,, litharge-cinders. 

1 „ granulated cast iron. 

The furnace used in the smelting of these products is shown in figs. 632—634. It is 


Fig. 632. 



Fig. 633. 



Fig . 634. 



about 4$ feet high, and increases in size in the upper portion, C. Fig 633, represents a 
1 orizontal section at the level of the tuyere, and fig. 634, a vertical section in the line XY. 
It is blown*with one tuyere, T, From the bottom of the furnace, which is brasqui, the 
contents are drawn off by a tapping hole into the pot, F. 



LEAD: CONDENSATION OF LEAD FUME, 328 

Th» ftiel employed is coke, and during the smelting, part of the iron of the matt 
combines with the silica of the slags and cinders, forming a new, very fusible slag. 
Another portion of the iron reduces the sulphide of lead, producing metallic lead and a* 

^^TThe following table contains the analyses of some slags made in smelting cupel 
oottoms, &c. : 

Analyses of Lead-slays from Blast Furnace* 


Authority . BrUel. t {Jf e r r ‘ 

Locality . 

m 

28*76 35*20 I 34*80 I 40*00 I 38*70 1 20*00 I 22*00 I 38*70 



19*40 34*40 

060 0*60 


20*00 

2200 

traces 

36*60 

37*90 

4*20 

10*00 

6*20 

4*40 

30*20 

• • 

1*00 

10*20 


17*60 



Silica 

Oxide of lead . 

Protoxid e of iron 
Oxide of manganese . 

Suboxide of copper . 

Alumina . • 

Lime . • • 

Magnesia . 

Teroxide of antimony 
Oxide of zinc 
Protoaulphide of iron 
Sulphide of zinc 
Baryta » 

This matt is treated in the same manner as before, but in the fourth matt the copper 
has accumulated to such extent, that it is called the copper inatt, and is troated for that 

m °This accumulation of copper is always observed, however small the percentage of 
copper in the original ore. the copper, having a stronger affinity for sulphur than lead, 
goes on accumulating in these matte, and generally pays for its extraction. 

The mixture smelted in these Clausthal furnaces, consists of: 

34 parts of ore containing 24 of galena. 

4 to 5 „ cupel bottoms. 

1 „ the abstrichs from the refinery. 

39 „ ore slogs. 

„ granulated cast iron. 

wlii cli mixture is stated, by Regnault, to produce 19 pts. of metal, and 7 or 8 pU. of 
the first matt, containing 2£ pts. of metal. 

V, Condensation of the Xsead. l*ume* 

Since attention has been drawn to the great loss of lead in smelting its ores, 
numerous plans have been proposed to recover a portion of the metal in the form or 

fume, no fewer than sixteen patonts having been enrolled for this object. 

Whore sufficient space exists, the plan most gencrully adopted is that of long flues 
and chamber*. In some caseB these flues extend for 5 mi es In Mr. Beaumont ie*- 
tensive works, his able engineer, Mr.Sopwith, added nearly 6 miles of flue to one mill, 
the flue being 8 ft. high by 8 ft. wide. The saving in lead in these flues of Mr. 

Beaumont, is said to exceed £10,000 per annum. . ... . 

Of the many plans which have been suggested, wc will select two which are in suc- 
cessful operation. 

1. Stokocs Condenser. 

This apparatus is represented in fig. 636, and ha* been found to answer remarkably 
well at Langley mill, aa the details of an experiment, given on p. 625 amply prove. 

A is the top of the fume-flue; B is a wheel fixed in a metal case set in motion by 
steam or water power, with a speed of 10,400 revolutions per minute, by which the fume 
is withdrawn from the fine and forced through the condenser. This condenser hi rect- 
angular, divided longitudinally by wooden rails, A, A, laid homontally, on which * 
layerof pebble-stones, or other filtering material, is placed. The condenser Islmlher 
separated^ into compartments, D. D, by the vertical divisions, C, C, which ' £ 

reach the top, and dip below the surface of the water. The water flow* from an open 
trough, M, divided crossways, immediately a bove D D, into the compartment*^ K, 
each of which is again subdivided by four or ^ low parallel partitions. The bottom 
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and the 


of thaw detenu. EELie perforated. The water ie eupplied bv a pipe* D O, 
bottom of the eondenaer u kept filled with waterto the level 1 shoira at F F. 

The fame ie withdrawn from the flue, and forced up and down throngh the filtering 
Beds, in the direction of the arrows, until the residual gases escape atH, into the 
chimney, L. These fames, in their passage through the condenser, come in contact 
with the water from E E, which is constantly falling in fine showers orer the filtering 


Fig . 635. 



beds. The water carries down all the fume into the reservoir, F F, whence it is 
occasionally drawn off at K. 

The following table (p. 525) gives the results of an experiment, on the large scale, 
With one of these condensers. 

Stagg's Condenser. 

This apparatus is represented i ufig. 630, in which a is the fume flue, bb bb, a cistern 
constructed of wood or any other material, with partitions, dividing it alternately 



at top and bottom; o, one or more air-pumps, or exhausting machines; and d, the 
exit-flue for the uncondensed gases. The air-pumps being sot in motion, the fume 
is drawn through the water in the cistern, in which the metallic vapours are con- 
densed, so perfectly, that the writer has walked along the exit-flu^without being soiled 
with a single particle of fume. The passage of tho vapours under the water creates a 
great agitation and spraying of the Water, which materiallyfggsista in the condensa- 
tion. When the water becomes charged with fume, it is dratfttoff by cocks, and run 
into tanks to allow the fume to subside. 

Mr, Stagg has drawn up the following table from his experiments, to show the 
annual saving of lead which may be effected by his condenser, and the volume of 
gases for whicn the exhausting apparatus must be constructed : 


Nature of furnace. 

Quantity of lead 
operated upon or pro- 
duced per annum. 

Volume of moke 
emitted from *ucb 
furnace per minute. 

Annua) aawlng 
effected on each ope- 
ration io lead. 

On hearth . • 

Reverberatory 

Refining and reducing. 
Slag hearth . 

ton*. 

250 ’ 

500 ' 

cubic feet. 

1,000 

1,500 

1,500 

3,000 

tone. 

M» 

20 

35 

40 









Experiment made at Langley Srrult Mills upon 298 Binge, or 267,008 He. of Lead Ore , to show the utility oj a 
Condenser placed 1,056 yards from the Smelt Mill. 






















526 LEAD : ANALYSES OF FUME. 

The compontion of the ftimei produced from different operation* end localities ia 
given in the following tables : 


Table I Analyse* of Fumes from the Reverberatory Furnace*. 


Locality • • • 

Fontglbaud. 

Aliton 

Moor. 

Conflans. 

Redruth. 

Freiberg. 

Authority . 

Bertbier. 

RWot. 

Berthier, 

Rammeliberg. 

Protoxide of lead 

11*00 

• • 

10-20 

42*60 

71*20 

34-93 
( Arsenic & 

Sulphate of lead • 



66 60 

39*00 

• • 

J antimony 

1 o*to> 

Arsenious acid • 



3-40 


traces 

(Protoxide 

Sesquioxide of iron . 


• • 

• • 

\ 3-80 

Oxide of zinc . • 

15-00 

2-70 

13*80 


. . 

27*15 

Carbonate of lead • 

, , 

EMI 

. • 

• . 

. . 

Lime 0*71 







j Magnesia 

Sulphate of zinc 

• • 

2*30 

• • 

* * 

1 

• • 

\ 0*39 

Sulphide of lead 

Oxide of copper 

• 

4-50 


* ' 

1 . 


Alumina .... 

. . 

. . 

• . 

• ' j 


31-82 

Silicic acid 

Clay .... 

■ • 

| 13-20 


17*40 i 

20-60 



Table II. — Analyses of Fume from the Refinery, 


Locality .... 

Pontgibaud. 

Villefort. 

, 

Freiberg. | 

Protoxide of lead 








Sulphate of lead 




900 


[ 



Arsenious acid . 




U» 


| 


14-40 

Oxide of antimony 




440 

• • 

1 



Oxide of zinc 





, . 

, , 

2670 

Oxide of bismuth 
Carbonate of lime 




3*70 

1700 

• • 

0-50 

Carbonic acid • 




, # 

, t 

500 

4-50 

Silicic acid » 

Clay . . 




| 3-40 

20-00 

4-60 



Table III . — Analyses of the Fumes from the Blast Furnaces . 


Locality . 

* 

• 

• 

• 

Frei- 

berg. 


Halt- 

briicka. 

Pont- 

gibaud. 

Oxide of lead . 

♦ 

♦ 

• 


IIS! 

10 00 

efrto 

8-70 

1-60 

8010 

Sulphate of lead 

• 

• 

a 



47 00 


1300 

, , 

9-00 

Arsenious acid 

• 

• 

• 



, , 

110 

1-50 

. , 

410 

Sesquioxide of iron 

a 

• 



, . 


300 

13*00 



Oxide of zinc . 

* 

9 



49-60 

10-00 

1200 

310 

96*00 


Carbonate of lime 

a 




» - 


t 

. 


2*80 

Carbonic acid . 





700 






Sulphuric acid 



• 


, 

. , 

17-00 




Silicic acid 


a 

9 


, , 

33-00 



1-60 

4*90 

Sulphur . 


9 

a 


. . 



8-90 



Metallic lead . 





* • 

• • 

• • 

66*40 
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fnr AX&OTS OF* Lead forma alloys with several metals by simple fusion, 
»nd man y of these alloys are definite chemical compounds, which produce mechanical 
mixtures when fused with either of the constituents in excess. This latter fact has 
given rise to the metallurgical operation of oliquation. 

1. With Antimony. — Lead alloys itself with this metal in several proportions, 
and* the alleys are harder, more tender, and oxidise more easily than lead ; they are 
also more fusible, as well as harder than either metal. 

An alloy of equal parts of the two metals iB porous and brittle : 2 pts. of antimony 
with 1 pt. of lead produce a very hard alloy, capable of receiving a fine polish, and 
used to make the keys of wind instruments ; 3 pts., and even 4 pts. of antimony to 
1 pt. of load produce a hard but malleable alloy. An alloy of load and antimony is 
used in maki ng type-metal, a little zinc t$eing somotimos added. Some type-founders 
nddf pt. of tin, but this addition is only suitable for stereotype plates. The plate on 
which music is printed is composed of 12 pts. tin, 7 lead, and 1 antimony. Tho 
ordi nar y composition of type-metal is 83 pts. lead and 17 antimony. 

Emery wheels and grinding tools for tho lapidary are formed of an alloy of antimony 
and lead. 

Mr. Jas. Nasmyth has suggested the use of lead as a substitute for all works of art 
hitherto executed in bronze or marble. Ho states that the addition of 6 por coat, of 
antimony gives it not only hardness, but greater capability to run into tho most delicate 
parts of the work. An alloy of this description, analysed by Karsten, and correspond- 
ing with the formula Pb*8b, was found on tho hoarth of a smelting furnaco at the 
Mulder Works: it contained 90*10 p.c. Pb, 6*48 8b, 1-42 Zn, 1*60 Cd, 0 24 Ag, and 
traces of Ni, As, and S. 

2. With Arsenic. — The presence of this substance renders lead brittle, groyish 
white, and very fusible. The application of heat expels a portion of tho arsenic, but 
tho remainder resists the highest temperature. 

This alloy constitutes the metal of which shot are cast, 40 lbs. of metallic arsonio 
being mixed with 20 cwt. of load. It also exists native at Claust.hal in tho Harts, 
and is composed of 67*03 p.c. Pb, 241 9 As, 4*41 mispiekol FoAsH, 2*26 Fo, 0'64 8, 
and 0*7 Co. 


3. With Bismuth. — This metal unites with load in all proportions, with condensa- 
tion. Some of the alloys aro more malleable than lead, but the malleability diminishes 
as soon as the quantity of bismuth equals that of tho load. 

When 3 at. lead aro united to 2 at. bismuth, tho mixture has only one solidifying 
point, viz. 129° C., but in PbBi, this point is 146°; in PbBi* it is 143°, and with 
FbHli* the temperature is between 163° and 171°. 

These alloys have no special application in tho arts, but they are used to adulterate 
mercury. An alloy of 1 pt. lead, 1 pt. bismuth, and 3 pts. mercury, is really an 
amalgam, which is sufficiently fluid to pass through chamois leather. 

An amalgam of 2 pts. bismuth, 4 pts. lead, and 1 pt. mercury, is solid in tho cold, 
but when pieces of it are rubbed together, they immediately melt. 

Lead and bismuth occur associated in nature, in the mineral Kobellite , already described 
(p. 448). 

4. With Bismuth and Antimony. — When antimony is added to the previous 
alloy in quantity equal to the bismuth, a metal is obtained which expands on cooling. 
Advantage is taken of this in casting stereotype plates. This alloy, according to 
Mackenzie, contains 70 p.c. load, 16 antimony, and 15 bismuth. 

5. With Chromium.— The alloy which contains 0*25 of chromium is fusible at 
150° C., ashy-grey, but whiter than lead. It can be hammered into thin sheots, which 
aro very brittle. Nitric acid dissolves the lead without attacking the chromium. » 

6. With Copper. — The alloys of lead and copper are difficult to prepare and to pre- 
serve at a high temperature. The copper must bo introduced into a bath of lead 
heated above redness, and the alloy rapidly cooled ; even then some portions are 
reddish-coloured, indicating the commencement of a disunion of the elements. If the 
alloy is heated to the melting point of lead, the latter abandons the copper, which is 
left in the form of a porous mass. 

- The process of ©liquation is founded upon this fact, and as the silver present in the 
copper has & great affinity for the lead, the latter carries off the silver, which is sepa- 
rated in the manner already described (i i. 32). 

In. smelting sulphide of copper containing sulphide of lead, the latter metal passes 
off in great measure in the scoriae in the first operations, but is found in the copper 
of the subsequent treatment. 
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There would appear to be two alloys of these metals, one containing more cotme 
and melting a$ a higher point than the other, which contains more lead. ^ >ep * 

Small quantities of lead diminish the ductility of copper at ordinaiy temperatures, 
and at a red heat. Copper containing even 01 per cent, of lead, may still be wedfot 
ordinary purposes, but it cannot be formed into thin sheets or wire. 

The alloy of 4 pts. of lead to 1 pt. of copper is employed for casting large movable 
types. 

7. With Manganese.— -When a mixture of 892 pts. of protoxide of manganese and 
2789 pts. of litharge are heated with a little charcoal in a charcoal-lined crucible a 
homogeneous, compact, and ductile alloy is obtained, which can bo rolled into thin 
sheets of great lustre. 

8. With Mercury.— This metal is easily* alloyed with lead, either by introducing 

the former into the latter in a melted state, or by triturating lead filings with the 
mercury. ° 

The amalgam possesses a brilliant white colour, and still remains liquid even 
With as much as 33 per cent, of lead, but it soils the fingers. The amalgam of equal 
parts can be crystallised, and a piece of lead plungod into this amalgam is found 
covered with crystals when it is withdrawn. 

The amalgam has a higher specific gravity than either of the metals, owing to the 
contraction which they undergo in combining. 

The presence of 0 0002 to 0 00025 of lead improves the mercury for use in barome- 
ters and t hermometers, as the latter metal has then not so great a tendency to form 
globules on the convex surface of the glass. 

9. With Mercury and An tim ony.-Wctterstedt has found that the addition of 
a small quantity of mercury to the alloy of antimony and lead removes the tendency 
ot tins metal to oxidation. He lias proposed to use the triple alloy as a sheathing for 1 
slnpn. It in composed of 94*4 per cent, lead, 4 3 antimony, and 13 mercury, and is 
said not to be so rapidly encrusted with barnacles, &c. as copper sheathing. 

10 Will, Potassium and Sodium.— The alloys of lead with these metals are 
formed when a reducing alkaline flux is fused with oxide of lead, as first noticed by 
r ill 'n A!! 5 ? nd has bribed the properties of one of these alloys, obtained 

when 100 pts. of litharge are strongly heated with 60 pts. of cream of tartar. The 
alloys cun also bo prepared directly; that containing 25 per cent, of its volume of 
potassium is brittle with a coarse-grained fracture. A similar alloy with sodium is 
bluish and malleable but that with one-third of sodium is brittle These alloys, 
distilled with the iodides of ethyl, methyl, &c., yield the lead-compounds of the alcohol- 
radioles. (See Lead radicles, Ouoanic. p. 560.) 

- \V T * n * T«eud may bo fused with this metal in all proportions, but the density 

ot the resulting mixtures does not correspond with the specific gravities of the two 
metals. I lie following table contains the results of Kupffor’s experiments 


Composition of the 
Alloys. 

Specific Gravity. 


Melting 

Point. 

Found. 

Calculated. 

Difference. 

Lead, pure , 

Tin, puro . 

SnPpb* . 

Sn Ppb* 

SnPpb* 

SnPpb 4 . . 

PpbSn* 

PpbSn* 

I’pbSn 4 4 

PpbSq* 

PpbSn* 

11*3803 

7*2911 

9*4263 

10*0782 

10 3868 

10 5551 
8*7454 
8*2914 
8*1730 
8*0279 
7*9210 

► . 

9*43*66 

10*0936 

10*4122 

10*6002 

8*7518 

8*3983 

8*1516 

8*0372 

7*9526 

• a 

- 0*0103 

0*0154 
-■ 0*0254 

0*0431 
0*0064 
0*0069 
0*0096 
0*0093 
0*0116 

335° 

230 

241 

239 

■ 

196 

186 

189 

194 


The lead, so soft in itself, has the singular property of increasing the hardness of 
the tin : it slightly darkens the colour, gives a grained fracture, and canseo the pecu- 
liar creaking sound, produced on bending tin, to disappear. 

The alloys of lead and tin are distinguished by the facility with which they ignite 
and burn. The alloy of 4 or 5 pts. of lead and 1 pt tin barns like charcoal at ated 
heat, the combustion continuing like that of an inferior peat, with the form ati on of 

• Sn = 118 : Ppb» w. 
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cauliflower excrescences. This action appears to be due to the affinity which exists 
between the two oxides. The oxides so formed, when fused either alone or with silica 
and an alkali, produce a white opaque enamel used for dial-plates, ^ and also in 
earthenware. 

The solders need by plumbers vary much in composition, but there are three com* 
monly known as fine solder , composed of 2 pts. of tin and 1 pt. of lead ; common solder, 
containing equal pts. of each metal ; and coarse solder , composed of 2 pts. of lead to 
1 pt. of tin. Tomlinson gives the following table of the composition of these alloys 
and their melting points: — 

Tin. Lead. Melting PoitiL. Tin. Lead. Melting Point. 


No. 1. 

1 

25 

668° 

No. 7. 

li 

1 

334° 

» 2. 

1 

10 

641 

„ 8. 

2 

1 

340 

„ 3. 

1 

0 

611 

„ 9- 

3 

1 

366 

„ 4. 

1 

3 

482 

„ io. 

4 

1 

365 

„ 5- 

1 

2 

441 

» 11. 

6 

1 

378 

n 6. 

1 

1 

370 

» 12. 

6 

1 

381 


No. 5 is also called plumber's sealed solder , which is assayed in the same way as 
pewter, and then stamped by the officer of the Plumbers’ Company. No. 8 is used for 
soldering cast iron and steel, sal-ammoniac or common resin being used as flux. 
This aUoy is also used for tinned iron, with chloride of sine or resin as the 
flux. Gold and silver are also soldered with No. 8, and Venice turpentine for a flux. 
The same alloy is usod with copper, brass, gilding metal, gun metal, &e., and sal- 
ammoniac, chloride of zinc, or resin as the flux ; with zinc, and chloride of zinc as flux; 
with lead and tin pipes, with a mixturo of sweet oil and resin as flux ; with .Britannia 
metal, and chloride of zinc or resin as flux. The alloys 4 to 8 are used for ordinary 
plumber’s work, with tallow as flux. 

Pewter is another alloy of these metals, and the trade in this article is so important 
in this country, that the pewterers havo formed an incorporated company ever since 
1474. 

Common pewter is composed of 80 pts. of load and 20 pts of tin, but other metals 
sre sometimes added, such as copper, antimony, and zinc. Tbo manufacturers of 
pewter state that a better pewter is obtained by working up old pewter with fresh 
ingredients. 

Holtzapfel gives the following account of these alloys : — “Some pewters are now 
ma le as nearly as common as that of equal parts of the metals: when cast they are 
Mack, shining, and soft, ; when turned, dark and bluish. Other powters only contain 
£ or A of lead; these, when cast, are white, without gloss, and hard; such are pro- 
nounced very good metal, and are hut little darker than tin. The French legislature 
sanctions the employment of 18 per cent, of lead with 82 percent, of tin, as quite 
harndeas in vessels for wine and vinegar. The finest pewter, frequently called tin and 
temper, consists mostly of tin, with a very little copper, which makes it hard and 
somewhat sonorous, but the pewter becomes brown-coloured when the copper is in 
excess. The copper is melted, and twice its weight of tin is oddod to it, and from 
about £ to 7lbs. of this alloy, or the temper, are added to every block of tin weighing 
from 360 to 390lbs. Antimony is said to harden tin, and to preserve a more silvery 
colour, but is little used iu pewter. Zinc is employed to cleanse the metal, rather than 
as an ingredient. Some stir the fluid pewter with a thin strip, half zinc and half tin; 
ot hers allow a small lump of zinc to float on the surface of the fluid metal, while they 
are casting, to lessen the oxidation.” 

Mate pewter is the hardest, and is used for making plates and dishes. The pewter 
called trifie is usedfor beer-pots, and ley for the larger wine nmusures. 

Pewter wares are formed either by hammering or by casting, plates and dishes being 
hammered, while measures and spoons are cant. Pewter is also made in the fornt of 
sheets for engraving cheap music, the softness of the metal allowing the notes to be 
formed by means of punches, instead of engraving with a burin. 

Lapidaries, jewellers, and watchmakers use lap* and polishers of pewter. 

Although lead is so poisonous a metal, it can be employed in domestic utensils, 
when alloyed with tin, which would appear to neutralise this action of the lead. In 
an alloy of 3 pts. of lead and 1 pt. of tin, Proust and other chemists have found that 
vinegar dissolves out nothing but the tin ; but for domestic utensils, Vauquolin has 
shown that the lead ought not to exceed 17 or 18 per cent. An alloy of 3 pts. of lead 
and 5 pts. of tin is used for tinning certain articles of copper. 

The brilliants of Fahlun are made wftb an alloy of 19 pts. of lead and .29 pt*. of 
tin, which are fused together and allowed tbseool for a short time. At this point the 
Alloy adheres to a glass tube cut into facets, on which it is allowed to solidify, and 

Vol. in. MM 
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from which it can afterwards be easily removed. A lens plunged into this alloy forms 
a brilliant minor. 

These alloys form superior baths in which to temper various articles of steel; the 
following table contains all the information on the subject: — 


Alloy. 

Temperature. 

Objects to be tempered* 

Lead. 

Tin. 

C. 

F. 

14 

8 

213*4° 

415*4° 

Lancets. 

15 

8 

221 

429*8 

Other surgical instruments. 

16 

8 

225 

437 

Razors. 

17 

8 

240 

464 

Penknives, scalpels, cold-chisels. 

Shears, gardeners’ tools. * 

28 

8 

257 

494*6 

38 

8 

262 

503*6 

Hatchets, axes, planes, dressmakers’ scissors. 

60 

8 

275 

527 

Table-knives, large scissors. 

96 

8 

284 

543*2 

Swords, watch-springs, &c. 

100 

8 

289 

552*2 

Strong springs, poniards, augers, small 
saws, &c. 


For higher temperatures recourso must be had to other baths. 

Alloys of lead and tin are also employed in making anatomical injections. 

12. With Tin and Bismuth. — Those ternary compounds are well known under 
the name of fusible alloys. They melt at low temperatures, some even below the heat 
of. boiling water. This is ono cause why they are so rarely obtained in a perfectly 
homogeneous condition. 

There are several of these alloys known by the name of the first observer; thus, the 
following all melt below the boiling point of water : 


Observer. 

Lead. 

Bismuth. 

Tin. 

Melting point. 

Homberg . 

. 1 

1 

1 

122*00 C. 

Rose . 

. 1 

2 

1 

9375 

Newton . 

. 5 

8 

3 

94*44 

Lichtcnberg 

. 2 

5 

3 


Kraffl 

. 2 

5 

1 

10400 


In whatever proportions the three metals are mixed, they exhibit one fixed solidifying 
point, at 98° 0., and two higher points which are variable. 

When 120 lbs. of an alloy, consisting of 3 pts. tin, 2 lead, and 5 bismuth, are melted, 
they yield, on cooling, tolerably definite crystals, which melt below 100° C., and con* 
tain nearly equal numbers of atoms of the three metals, or 1576 per cent, tin, 20* 56 
load, and 67*68 bismuth. 

The melting point of fusible metal is raised by the addition of potassium. 

This alloy presents many anomalies in its dilatation and contraction ; thus, at a 
temperature from aero up to 35° C., tho volume increases in the proportion of 
100 : 100 83, and it diminishes up to 56° C. in the ratio of 100 83 : 99*13, which is its 
point of greatest density; it then begins to oxpaud. It is remarkable that its 
maximum volume, reached at 36° C. is the same as that which it possesses at 95° C., 
which is the melting point of Rose’s alloy. 

It is impossible to determine the melting point of these alloys except by experiment; 
thuB, in Newton’s fusible metal, which melts between 19£° and 200° F., the theoretical 
point ought to be 620°, as shown by the calculation, >-’*. 

8Bi x 500° + 5Pb x 600 + 3Sn x 442 xonow 


The following 
metals: 

table contains the melting points 

of various 

alloys 

of these three 

Bismuth. 

Lead. 

Tin. 

M siting point. 

Bismuth. 

Lead. 

Tin. 

Melting point. 

8 

12 

8 

130*90° C. 

8 

8 

8 

12210°C. 

8 

6 

3 

94*44 

8 

10 

8 

127*60 

8 

6 

a 

9778 

8 

16 

8 

147*40 

8 

8 

3 

109*64 

8 

16 

10 

149*60 

8 

8 

4 

112 20 

8 

16 

12 

141*90 

8 

8 

6 

116*05 

8 

16 

14 

13970 
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BMh. 

Lead. 

Tin. 

Melting Point. 

Bismuth. 

Load. 

Tin. 

Melting Point, 

8 

16 

16 

140*80° C. 

8 

28 

24 

i63 oo o a 

8 

16 

18 

14410 

8 

30 

24 

170*60 

8 

16 

20 

147*40 

8 

32 

24 

176*00 

8 

16 

22 

162*80 

8 

32 

28 

16500 

8 

16 

24 

15400 

8 

32 

30 

163*90 

8 

18 

24 

152-90 

8 

32 

32 

168*40 

8 

20 

24 

151*90 

8 

32 

34 

157*30 

8 

22 

24 

151*80 

8 

32 

36 

158*40 

8 

24 

24 

15290 

8 

82 

38 

169*50 

8 

26 

24 

158-40 

8 

32 

40 

160-60 


It is remarkable that the tin, which melts below the fusing points of both lead and 
bismuth, should raise the melting point of these alloys. 

These uiloys are of great value in regulating the tempering of delicate articles of 
cutlery. They are also used for taking impressions of medals, bas-reliefs, and on 
the Continent for producing casts of metals by the clicfU process. They can also bo 
employed to take casts from the surface of wood and embossed paper. Beautiful 
casts of the internal ear, showing the complexities of its bony cavities, have been made 
with them; also cake-moulds for the manufacture of toilet soaps. 

Two of these alloys are well known in this country under the names of Britannia 
rrutal and Queen's metal. The former is composed of equal parts of brass, tin, anti- 
mony and bismuth; the latter of 1 part each of antimony, lead and bismuth, with 
0 parts of tin. Both are used for making teapots, spoons, &<\ 

A safer and better alloy is said to be made by adding to 100 pts. of French pewter, 

5 pts. antimony and 5 pts. brass, to harden it. 

In Birmingham, teapots, milk-jugs, &c. are made into form by a process eallod 
spinning, which consists in bringing the sheet of pewter against a rapidly revolving 
tool, by which, with’ a little dexterity on the part of the workman, it is gradually 
fishioned. 

13. With Tin, Mercury, and Bismuth. — The addition of mercury to the films 
metals forming the 1 previous alloys renders them much more fusible, and communicates 
some new properties. 

D'Arcet’s alloy, similar to Newton’s, when amalgamated with mercury, melts at 4/5° C. 
This alloy or amalgam is specially valuable in making anatomical preparations. It is 
introduced into llio parts of the body in the liquid state, and allowed to solidify. The 
flesh and other animal matters are afterwards dissolved and removed by a strong 
solution of potash. 

The interior of glass tuln's, globes, &c. are tinned bv means. of this amalgam, which 
is poured into the vessel by means of a funnel, in the liquid state, and gently agitated. 
Tho surplus is then poun d off, and the operation is complete. UIohs of different 
colours is employed, and objects of great beauty are thus easily prepared. 

Tho best compound is composed of 1 pt. lead, I tin, 2 bismuth, and 10 mercury. 
The first three are fused together, and then the mercury is added. 

14. With Tin and Copper. — An alloy of those metals was used by the Komans for 
casting statues, &c. It was formed of 67 12 per cent, natural bronze, 2237 old bronze, 

6 25 tin, and 6 2 6 lead. 

Bronze is made of copper and tin, to which some manufacturers add a little lead, 
and in the analyses of several ancient coins by -Phillips, lead appears to have been un- 
important constituent. (See Table, v<> 1. ii. p. 45.) 

When lead is mixed with copper in tho proportion to 6 to 1 , ordinary pot-metal is 
formed, called dry pol-mttal, a quality which is characteristic of these alloys. 

British beU-nutal consists of 5' 6 per cent, zinc, 10*1 tin, 4*3 lead, and 80*0 
copper. , 

Biddery ware is made in India by combining 2 pts. of tin, 4 pts. lead, and 16 pts. 
copper, and is afterwards melted in the proportion of 3 pts. to 16 pts. of zinc. 

The other alloys of copper to which small quantities of lead are added are described 
in another part of this dictionary. 

16. With Zinc. This metal communicates hardness to lead, and the property of 

receiving a fine polish, without diminishing the malleability. The two metals may be 
fused in any proportion, but the alloys are all decomposed at a white heat, the sine 
being volatilised, and carrying off with it large quantities of the lead. 

The presence of lead in zinc, however, is said to be injurious to tbe latter metal 
when rolled into sheets, diminishing its elasticity and probably its tenacity. 

When equal quantities of lead, tine, and bismuth are fused, an alloy is obtained which 
melts in boiling water. 

mm2 
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The alloy of lead, tin , and zinc, ZnSn'Pb 2 = ZnSn*.2PbSn*, has bat one solidifying 
point, viz. at 168° 0., but all other alloys have also two higher points, b and c. 



Atomt. 


Solidifying poind. 

Zinc 

Tin. 

Lead.* 

a. 

b. 

c. 

3 

11 

2 . . 

168° 

9 • 

182° 

1 

6 

1 . . 

168 

171° 

204 

1 

9 

1 . . 

168 

178 

183 

1 

9 

2 . . 

168 



1 

12 

2 . . 

168 


178 

1 

12 

3 . . 

168 

172 


1 

18 

4 

168 

172 

178 

1 

21 

6 . . 

168 

, 

175 

1 

33 

10 

168 

. • 

178 


LSAD, A1TTZMONIDB OF. (See p. 532.) 

IBAD, ARSSNIDfl OF. (See p. 532.) 

X*B2L1>, BROMIDE OF, PbBr 2 , is obtained by the same processes as the chloride, 
which it resembles in crystalline form. It is somewhat less soluble in water, and 
melts out of contact with air, at about the same temperature as the chloride, to a white 
horny mass. By fusion, in contact with the air, it is converted into a basic bromide 
or oxybromide. It unites with the bromides of potassium and sodium, forming crys- 
talline double salts, which, however, are decomposed by water. 

Acetobromide of /ead,Pb"Br 2 .Pb"(C 2 H , 0 2 ) 2 ,or Plumb obromacetinp^P |^, 

is obtained like the corresponding chlorine-compound (p. 539), which it resembles in its 
properties and reactions. (0 a r i u s.) 

LEAD, BROMOCABBONATE OF. An insoluble compound, produced by 
boiling together equivalent quantities of bromide and carbonate of lead. It fuses 
readily, and when further heated gives off carbonic anhydride, and leaves an oxy- 
bromide of load. 

A bromophosphate and bromopkosphite of lead may bo formed in like manner. 

X»BA3>, CHLORIDE OF. PbCl 2 , Magistcrium plumbi , sometimes called Horn- 
lead, — Lead unites but slowly with chlorine, the combination not being attended 
with visible combustion ; it is aIbo but slowly attacked by hydrochloric acid, and 
only when in contact with the air ; on the application of heat, it dissolves slowly, 
with evolution of hydrogen. The chloride is prepared by boiling the protoxide, or 
carbonate, or sulphide of lead, with water, into which hydrochloric acid is dropped as long 
as the resulting chloride of lead continues to dissolve, or by adding hydrochloric acid 
or chloride of sodium to a concentrated solution of a lead-suit. Chloride of lead has 
also been found, os a natural product, called cotun nit e, in the crater of Vesuvius, 
after the eruption of 1822, mixed with chloride of sodium, and chloride and 
sulphate of copper. This native chloride occurs in trimetric crystals, in which 
ool J : aoP => 99° 46'; oP : Poo *=* 149° 14'; and the ratio of the principal axis, 
brachy diagonal and macrodiagonal, is as 0*5953 : 1 : 1 1868. The observed planes 
are ooP, ooPoo , ooPoo 2Poo , Px> . Also acicuhir crystals. It is soft enough to be 
scratched by the nail, and has a specific gravity of 5 238. Lustre adamantine, inclin- 
ing to silky or pearly. Colour white. Streak white. (Dana, ii. 97.) 

Chloride of lead dissolves in 135 pts. of cold water, in less than 30 pts. of boiling 
water, and separates from the solution in long, flat, needle-shaped crystals. It dis- 
solves in pure water, and in strong hydrochloric acid more easily than in the dilute 
acid, and therefore separates from the acid solution on Jnoderate dilution with water, 
and from the saturated aqueous solution, on addition ofthjrdrochloric acid. It is also 
somewhat solublo in weak alcohol, very sparingly in al&mol of 76 per cent., and in- 
soluble in alcohol of 94 per cent. Its solubility in water is greatly diminished by the 
presence of chloride of calcium. In solutions of alkaline hyposulphites, or of acetate 
of sodium, on the contrary, it is much more soluble than in water, so that, on mixing 
a solution of 190 pts. acetate of lead with 58*5 pts. chloride of sodium, only 43 to 48 
pts, of lead-chloride are precipitated, whereas 139 pts. are formed. A solution of the 
chloride in strong hydrochloric acid is not precipitated by sulphydric acid t but on ad- 
dition of water, precipitation immediately takes place. A solution of lead-chloride 
mixed with aqueous sulphydric acid containing hydrochloric acid, forms a yellow or 
reddish-brown precipitate of sulphochloride of lead (p. 559). An aqueous solution of 
the chloride mixed with sal ammoniac is not precipituted by sulphuric acid. 

Chloride of lead melts when heated out of contact with air, and may be sublimed, 
though with difficulty ; the fused moss solidifies on cooling, to a white translucent 

• Atomic weight of cine «= 64 ; of tin a 


1 IS i of lead - 307. 
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fissured mass of specific gravity 5*8, formerly called horn -lead. When heated in 
contact with the air, it fumes strongly before the heat rises to redness, then turns 
yellow, and is converted into an oxychloride (p. 555). When it is heated in a stream 
of carbonic oxide, chloride of carbonyl (phosgene) COCl*, is formed, and metallic lead 
is separated (Gob el). It quickly absorbs ammonia-gas. When it is moderately 
heated in phosphorettcd hydrogen gfis, hydrochloric acid is given off, phosphorus distils 
over, and metallic lead remains. A solution of hypochlorous acid converts it into 
peroxide of lead. 

Acetochloride of lead , Pb"Cl*.Pb"(CTI*O a ) 3 , or Plumhoc h loracettn, 
is obtained in monoclinic crystals, by mixing recently precipitated chloride 

of lead with acetate of load, and a sufficient quantity of glacial acetic acid to form a 
viscifl mass, which solidifies in a short time, and either freeing this mass from excess 
of acotic acid by pressure, or heating it in a sealed tube to 130° or 140°; — or together 
with acetate of ethyl, by the action of acetate of lead on chloride of ethyl. It dissolves, 
though with difficulty, in acetic acid without decomposition, but is decomposed by water, 
with separation of a small quantity of lead-chloride, and formation of the compound 
(CGPO )*»()> 

" which dissolves in the water, and may be re- 


Pb* 


Pb"Cl*.3Pb"(C , H , 0*)* or 
crystallised without decomposition, 
which leaves the original compound. The compound, 

C J II s O 10 .. 

chloracotin, (**• 568), and may therefore be called plumboch loracetin. 

(Carius, Ann. Ch. Pharm. cxxvii. 87.) 


It is decomposed, however, by glacial acotic acid, 

0*11*0 io , , , 

> qj, is analogous to glycolic 


(C0)\ ni 

L1AD, CHLOROCARBONATE OP. 2PbCl.Pb*C0 , I or , l JJ...— ' This 

pL* j L1 

compound is produced jis a white insoluble powder, by boiling l at. carbonate of load 
with 2 at. (or more) of the chloride, and water. Jt also occurs native, though raroly, 
as corneous lead or korasin, in acute quadratic pyramids in which P : P in the 
lateral edges = 113° 48', and in the terminal edges = 107° 22'. Observed faces 
ccPoo , P, qo P, P and others. Cleavage distinct parallel to ooP. The mineral likewiso 
occurs in botryoidal and stalactitic forms. Hardness = 2 5 to 3 0. Specific gravity 
= 60to6’l. Colour white, grey, and yellow. Streak white. Transparent to translu- 
cent. Fracture conchoidal. Rather sectile. It occurs at Crawford, noar Matlock in 
Derbyshire, in minute crystals at a lead mine near Elgin in Scotland, and at Tarnowitz, 
in Upper Silesia, where also largo pseudomorphs of lead-carbonate (cerusito) in the 
form of this mineral are found. 


Both the natural and the artificial compound fuse readily, and are converted at a* 
higher tomperaturo, with loss of 7*5 per cent. CO 3 , into the oxychloride, PbCl*.PbO. 

LEAD, CHLORZODZDB OP. Obtained in palo yellow four-sided needles, from 
a solution of the iodide >n boiling hydrochloric acid; it is gradually decomposed by 
water, which extracts the chloride of lead. (Labour^, J. Pharrn. [3] iv. 328.) 

XiBAD, OHLOROFLUORIDE OF. PbCIF. — Formed by precipitating aqueous 
fluoride of sodium with a boiling solution of chloride of load, or with a mixture of 
acetate of lead and chloride of sodium. It is a white powder, which melts when 
heated, without giving off water or acid. Dissolves in water without decomposition, 
and easily in nitric acid. (Berzelius.) 


XiBAD, CHLOROPHOBFHATE OF. When a boiling solution of chloride of 
lead is poured into a boiling solution of phosphate of sodium, the latter being in excess, 
a precipitate containing PbCP.Pb*(P0 4 ) J .H 2 0 is formed, insoluble in water, but soluble 
in nitric acid, which convorts it into a nitrophrsphAte (Heintz, Pogg. Ann. lxxiii. 
122). When, on the contrary, a boiling solution of phosphato of sodium is poured 
into an excoss of chloride of lead, a precipitate is formed which, according to Heintz, 
composed of PbCI*.2Pb*(P0 4 ) 3 , but according to Gerhard t (Ann. Ch. Phys. [3] xxii. 
505), of PbCl 3 .Pb a H*(P0 4 )*. The same compound is formed when a soluble phosphate 
»» precipitated by a lead-solution in presence of a soluble chloride. 

The compound PbCl*.3Pb*(PO‘) a occurs native as py romorphite, sometimes pure, 
sometimes naving part of the phosphorus replaced by arsenic, sometimes associated 
with fluoride and phosphato of calcium. (See Ptromobkhitk.) 

>*A», CHLOROPHOSPHZTl OF. Lead-salts added to a solution of alkaline 
phosphite, obtained by dissolving trichloride of phosphorus in water, and neutralising 
with an alkali, throw down a precipitate containing a compound of chloride and phos- 
phite of lead, from which boiling water extracts the former. 



MO LEAD : DETECTION AND ESTIMATION. 

X.BAD, 9STBCTZOV AM S8TXWEATIOH OP. L Reactions in the 
dry way.— Lead-salts heated on charcoal with carbonate of sodium or cyanide of potas- 
sium, give, in the inner blowpipe flame, bluish-white, malleable beads of metallic lead, 
surrounded by an incrustation of oxide, brownish-yellow while hot, but light lemon- 
yellow on cooling. Added, in rather large quantity, to a bead of microcosmic salt, they 
* give on cooling, a bead having an enamel- white colour, or yellow if quite saturated. 

II. Reactions in Solutions. 

Soluble lead-salts are colourless ; the metal is precipitated from their solutions by 
sine or iron. 

Sulphydric acid and alkaline sulphides throw down sulphide of lead as a black or 
brownish-black precipitate, insoluble in cold and dilute solutions of acids, alkali^, and 
alkaline sulphides. In extremely dilute solutions, only a brown colouring is produced. 
If the solution of the lead-salt contains free hydrochloric acid, the precipitate is red or 
yellow, and a large excess of hydrochloric acid prevents it altogether. 

Hydrochloric acid , added to solutions not too dilute, throws down chloride of lead, as 
a white precipitate, slightly soluble in cold water, but more so in boiling water, deposited 
in noedles on cooling ; less soluble in dilute hydrochloric acid than in water, but pretty 
freely in tho strong acid; apparently unaffected by ammonia, but rendered insoluble in 
water, from conversion into oxychloride. 

Sulphuric acid and soluble sulphates throw down sulphate of lead as a white pre- 
cipitate, scarcely soluble in cold water, („L_ F resen i us), and in dilute sulphuric acid 

(-_!__ Frese nius), almost absolutely insoluble in alcohol; soluble in strong hydro- 
chloric acid on heating; in nitric acid more readily when strong and hot; in concen- 
trated sulphuric acid, slightly ; in ammoniacal salts, more especially tho acetate. 

Caustic potash or soda throws down the hydrate of lead as a white precipitate, 
soluble in acids, or in excess of the reagent. 

Ammonia throws down a white precipitate of basic load -salt, insoluble in excess. 

Chromate of potassium throw's down chromate of lead as a yellow precipitate, in- 
soluble in water (slightly soluble in excess, according to Conybeare), soluble in potash, 
insoluble in dilute nitric acid, converted by ammonia into a red basic chromate. 

Iodide of potassium produces a bright yellow precipitate of iodide of lead, which 
dissolves in boilimj water, and separates on cooling in crystalline spangles, exhibiting a 
beautiful play of colours. 


Limits of hf. actions of tests for Lkat>. 


Ono part of 

In water, 

11 <m gent. 

Authority. 

Lead 

100,000 or more. 

Sulphydric acid. 

A. S. Taylor. 

Lead, as nitrate 

200,000 

Lassaigne. 

Oxide of lead, as do. . 

350,000 


Hurting. 

Ffaff. 

Nitrate of lead 

100,000 


Oxide, as nitrate 

20,000 

Sulphuric acid in exc. 

Pfuff and Hurling. 

Lead, „ 

25,000 

j Sulphate of sodium { 
l (in 15 minutes). ) 

Lassaigne. 

Oxide, ,, 

1 . _ . 

70,000 

Chromate of potassium. 

Hurting. 


The reactions with sulphydric, sulphuric and hydrochloric acids, taken together, 
serve to distinguish lead from all other metals. The reactions witli iodide and chromate 
of potassium are also very characteristic. 


III. Quantitative Estimation. 

1. Gravimetric met hods. — Lead is generally most conveniently estimated as 
sulphate. The concentrated solution is mixed with a slight excess of dilute sulphuric acid 
ai»4 about twice its volume of alcohol, filtered after a few hours, the precipitate then 
washed with alcohol, and dried, and the filter burnt off. Or, a considerable amount of 
sulphuric acid may be substituted for the alcohol, in which case the wash-waters must 
bealsd acidulated with sulphuric acid, and the last washings displaced by alcohol. In 
burning off, as much of the precipitate as possible is to be detached from the Alter, 
which should be burnt separately, to guard against reduction of lead. In all cases it 
is safest to employ a porcelain crucible. 

2. Lead mav also be weighed as oxide, into which it may be converted directly by 
ignition, or after previous precipitation as oxalate or carbonate (results low), or o» 
chromate on a taxed Alter. 
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Volumetric methods . — Many methods have been proposed for the volumetric 
fetimation of lead, but the greater number give only approximate results. 1. Flores 
Do monte adds to the lead-solution a quantity of caustic potash or sod* sufficient to 
redissolve the lead-oxide at first precipitated, and then adds to the boiling liquid from 
a burette, a graduated solution of sulphide of sodium as long as a precipitate is thereby 
produced. The greater part of the Bulphide of lead cakes together, but the liquid 
remains brownish, so that it is difficult to sec when the precipitation is complete. * 
The method is, however, useful for technical purposes. The strength of the solution 
of sulphide of sodium must be determined every two days. 

2. M arguerit te adds to an alkaline lead-solution, a graduated solution of perman* 
ganate of potassium , which throws down the peroxides of lead and manganese, con- 
tinuing the addition till the liquid exhibits a permanent green colour. The solution 
bumps very strongly when boiled, and the ready alterability of the solution of the 
permanganate necessitates frequent titration. 

3. Pappenheim, according to Mohr, adds to the lead-solution ft graduated solu- 
tion of sulphate of potassium, till the liquid no longer produces a yellow spot of iodide 
of lead on paper prepared with solution of iodide of potassium. This method yields 
nearly exact results. 

4. Streng (Ann. Ch. Pharm. xcii. 413) supersaturates a solution of a lead-suit, 
or sulphate of lead suspended in water, with potash ; adds an excess of solution of 
chloride of lime, and boils for a while, whereby the lead is entirely converted into per- 
oxide. Tho precipitate is collected on a filter and washed with hot water; a hole is tnen 
made in the bottom of the filter, and the precipitate washed through into the vessel in 
which it was formed ; solution of stannous chloride is passed through tho filter from a 
burette till all the peroxide of lead is washed off ; the filter is again washed with hot 
water ; and an excess of the tin-solution is added, whereby the peroxide of lead is con- 
verted into chloride, w'hich is then dissolved by heating it with water and hydro- 
chloric acid. If tho excess of stannous chloride in tho liquid be then determined by 
means of a standard solution of chromate of potassium, tho whole of the data for calcu- 
lating the amount of lead present in the liquid under examination will bo obtained. 
This method is exact and often convenient.. 

6. The following process, given by H empel (.Tahresber. 1853, p. 627), is, however, 
simpler, and has tho advantage of admitting of a double verification. The load is 
precipitated with a measured quantity of a graduated solution of oxalic acid added in 
excess ; the liquid is neutralised with ammonia, and the precipitate collected on a 
filter; the amount of oxalic acid in the filtrate is then determined by means of a 
standard solution of permanganate of potassium, and by deducting this amount from 
the total quantity of oxalic acid used, tho quantity of oxalic acid combined with the 
lend is found, and thence the amount of the lead may be calculated. 

The result may bo checked, either by digesting the precipitate in dilute sulphuric 
acid, which sets the oxalic acid free, ami estimating the amount of oxalic acid in 
tho filtrate with a solution of permanganate — or by igniting and weighing the 
precipitate. 

Mohr completes th« determination without filtration. He adds to tho solution, in 
a flask holding 300 cubic cent i mot res, a drop of tincture of litmus; then adds, from a 
burette, a standard solution of oxalic acid .'is long as a white precipitate is formed ; 
saturates with ammonia till tho liquid turns blue ; fills tho flask with water; loaves tho 
liquid to stand for about half an hour till it is sufficiently clarified to allow of 100 cubic 
centimetres being removed clear with the pipette; and determines the free oxalic acid 
therein by means of a solution of permanganate, the quantity of which, multiplied by 
3, gives the data required for determining tho quantity of oxalic acid added in excess. 

It appears, however, that a small quantity of nitrate of lead is always precipitated 
together with the oxalate, so that the quantity of oxalic acid used always appears too 
small. Mohr estimates the errors thence arising at 2 per cent. (liandw. d. Cftorn. 
2 U Aufl. ii. [2] 33). On the whole, the volumetric methods of estimating lead do not 
appear to be so advantageous as the gravimetric methods. 

IV. Separation of Lead from other Metals » 

From all metals, not precipitable as sulphides in acid -solution, lead may be sepa- 
rated, bypassing sulpkydric acid gas to saturation through the solution, previously made 
moderately acid with hydrochloric or nitric acid. The solution should also be mode-, 
rately dilute. If no other metal, precipitable by the gas, be present, the precipitate 
will be sulphide of lead with an uncertain quantity of sulphur. If this is deflagrated 
with nitre, and the sulphur estimated as sulphate of bantnn, the difference between 
it# weight and that of the precipitate, thoroughly dried at 100°, will give the lead. Or, 
by oxidising the precipitate in a porcelain vessel with fuming nitric acid, after detaching 
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it as much as possible from the filter, burning the filter, and adding the ash, we obtain 
a mixture of sulphate of lead with a little nitrate. This may be converted into sulphate 
by a slight excess of pure concentrated sulphuric acid ; the precipitate is then ignited 
and weighed, and the lead calculated therefrom. 

Of the metals precipitable by sulphydric acid, gold, platinum, arsenic, tin and 
antimony may be further separated by digestion of the mixed sulphides in sulphide 
of ammonium containing an excess of sulphur. If, after this treatment, any silver, 
mercury, bismuth, cadmium, or copper be left with the lead-sulphide, they 
may be separated by one of the two following methods : — 

If no bismuth is present, the solution containing the mixed oxides, is treated with 
carbonate of sodium , and then digested with cyanide of potassium, when, on filtering 
carbonate of lead will remain alone on the filter. * 

From bismuth, the lead may bo separated by the following method, applicable 
also to its isolation from mercury, copper, and cadmium, but not from silver, if 
present in any quantity Evaporate with excess of sulphuric acid until fumes of acid 
appear, cool, and diluto with water; filter at once from the sulphate of lead ; wash with 
acidulated water and alcohol; then dry and weigh. 

The method of precipitation by sulphuric acid, or a soluble sulphate, serves, indeed, 
to separate lead in solution without any preliminary treatment, from all metals, ex- 
cepting barium, strontium, and calcium (and perhaps silver, vid. sup.), and from these 
earth-metals it is easily separated by sulphydric acid. 

In alloys, lead may bo very conveniently separated from bismuth, tin, and antimony, 
and with rather more difficulty from arsenic, by converting all the metals into sulphides, 
and heating the sulphides in a stream of dry chlorine gas ; all the other metals will 
then bo volatilised, the lead alone remaining. 


V. Valuation of Lead Ores. 

a. Ily the wit Way. A very convenient process for determining lead in ores, es- 
pecially in galena, consists in oxidising them with fuming nitric acid, adding sulphuric 
acid in considerable excess to the slightly diluted solution, filtering and washing the 
residue, as before directed, and after weighing, boiling it repeatedly with a strong 
solution of acetate of ammonium, which dissolves the lead-sulpliate. The insoluble 
residue deducted from the first weight gives the amount of lead-sulphate, from which 
the lead may be calculated. 

b. Vy the dry way.—Fo r the purposes of assaying, lead ores may be divided into 
two principal classes : — 

A. Ores &c. which contain no sulphur, arsenic, or phosphorus. 

B. Ores containing one or more of the above elements. 

A. hirst class.- In the assay of these ores, two points require attention; heating 
with a reducing agent for the separation of the lead, and with nn alkaline flux to 
facilitate the formation of a clean button. Charcoal and argol are among the best 
reducing agents ; carbonate of sodium, borax, deprived of its water by previous fusion, 
and suit, are useful as fluxes. Black flux, or a mixture of carbon in a fine state of 
divisjon with carbonate of potassium, may also be employed. The following mixtures 
will give some idea of the proportions in which tlieso reagents should be employed, 
but they must, of course, vary somewhat for different ores : 



Sample. 

Argol. 

Charcoal. 

Carbonate of 
sodium. 

Uorax glass. 

Salt. 

No. 1. 

200 gr. 

100 


300 


200—250 grs. 

2. 

400 „ 

200 

, , 

400 *■ 

200 


3. 

400 „ 

200 

, , 

400 

200 

ft 

4. 

400 „ 

. * 

60-60 

600 


19 

6 . 

400 „ 

200 

4 

400 


93 

6. 

400 „ 

600 

black flux, and a cove; 

' of borax 

99 


!• Recommended by Mitchell for oxides, carbonates, cupel -products, &c. 

” »* cupel-bottoms and other refractoiy products. 

T>u*n* *» fumes, siliceous slags, &c. 

4, 5, 6. Phillips:— The salt is not mixed with the other reagents, but employed 
to cover the whole mixture. * J 


Ores of this class may also be assayed by the following process, proposed by the 
wnfcer:— Weigh out oO grs. of ore on a counterpoise. Fuse, at a red heat, about an 
ounce of crude cyanide of potassium in a crucible capable of holding at least double 
the quantity ; when fused remove it from the furnace, and add the ore m small portion# 
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with a spatula ; rinse the last traces off with a little more cyanide, and replace it for 
a minute or two in the fire, then take out the crucible, and tap to collect the lead into 
a button. 

B. Second class. — Galena, pure, and mixed with gangue, is included in this class; 
for the assay of which several methods, more or less accurate, are employed, aa — 

1 . Roasting the galena t by which it is converted into oxide, and treating the pro- 
duct as an ore of the first class. This process, besides being exceedingly troublesome, 
gives little more than three-fourths of the lead actually present. 

2. Fusion with 3—4 parts of alkaline car Initiate ; the mixture to be heated slowly 
till fused, which gives about 90 per cent, of the lead present. 

3. Fusion with carbonate of sodium and nitre , by which the sulphur of th© ore is re- 
moved as sulphate of potassium; if an excess of the nitrate is employed, a portion of the 
lead * 8 °ridised and lost. Several assays must therefore be made to discover the best 
proportions. This process answers very well for obtaining a button to be afterwards 
assayed for silver, in which case a slight excess of nitre must l>o used to ensure com- 
plete oxidation of the sulphur, without which somo silver is liable to be retained as 
sulphide in the slag. 

4. Fusion with metallic iron , which lias been variously modified as to details. The 
oldest plan is that given by Bertliier, in which the galena is simply mixed with about 
30 per cent, of finely divided iron, covered with a layer of pome flux and heated ; it 
gives an amount of metal 7-10 per cent, below that actually present. Small iron 
nails are also recommended by Bertliier, which is not a satisfactory process, as the 
nails become fixed in the button. Mitchell suggests the uso of tonpenny nails; 
Phillips, of iron crucibles, and lastly, a mixture of iron-oxide with a reducing flux. 
Of these different modifications, the process of Mitchell is especially useful on account 
its simplicity and accuracy. Wo extract Mr. Mitchell’s own description in full: 

“To 200 grains of finely pulverised galena add 50 of urgol, and 200 carbonato of 
soda ; place the mixture in a crucible, the inside of which lias been smeared with black- 
lead ; introduce three tenpenny nails head downwards; tap the crucible on the mixing 
bench, so that the contents may occupy as little space as may bo; cover with alsmt 
200 grains of salt, over that 200 grains of borax. Prepare two crucibles thus, place 
them in the furnace, and raise the heut rapidly to nearly a bright rod ; uncover the 
furnace, and allow the crucibles to remain for 8-10 minutes ; again cover the furnace 
end raise to a bright red: the crucibles will then bo ready for removal. Besides tho 
time occupied, tho termination of the assay may be judged by the flux flowing smoothly. 
When this occurs, seize hold of tho crucible with tho large tongs, and with a smaller 
pair take hold of one of the nails ; rinso it well in the flux to remove any small glo- 
bules of lead ; and then reject it. The two other nails are to be treated in tho same 
way, tho crucible removed, tapped on tho furnace top to collect all globules, and set 
aside to cool. So also with the second crucible. When cold they are broken, &c., ns 
usual ; the assays should correspond within one-eighth of a grain.'* 

The following is an account of tho process employed in the lead-works of North and 
South Wales, as an example of the rougher methods often adopted in smelting works 
with good practical results. 

In the Welsh lead- works, the assays are generally made on 10 ounces of the ore us 
received, wet or dry. This is melted in a stout iron dish 
{fg. 637) with a cover, in a smithy fire; when melted, the 
slag is skimmed back and the produce weighed, each 
ounce representing 10 percent., and each dwt. £ percent. 

In the assay of galenas, some modification may be re- 
quired ; according to Mitchell, by fusing anfimonial ga- 
lenas with carbonate of sodium, pure lead is obtained, 
but with black flux, the lead contains much antimony; 
and if iron, either alone or mixed with black flux, be em- 
ployed, all the antimony is obtained with the load ; hut 
repeated tentative assays must be made to obtain the best possible result. When a 
lead ore contains oxidised compounds of sulphur and arsenic, reducers alone will not 
answer; but if they are mixed with an alkaline carbonate and metallic iron, good 
results are obtained. The assay may be conducted as in Mitchell’s process for ga- 
lenas. 

A notable loss of lead is sustained in all the blx>vc processes, arising chiefly from 
the volatility of this metal and its oxide: hence the necessity of making all lead- 
assays at the lowest temperature compatible with perfect fusion, and of not keeping 
the assay in the furnace longer than is actnally necessary. An error in the opposite 
direction may arise from the presence of foreign metals in the ore, which are more or 
less completely reduced .and alloyed with tho lead, increasing its weight ; such, for 
example, as silver, copper, tin, or antimony. Zinc is completely removed if tho heat 
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be sufficient, but it entails a loss of lead. Iron does hot go down with the lead, tmleg. 
the assay be much overheated. The separation of most of these metals from lead bv 
the dry way, is impracticable, with the exception of silver in argentiferous lead, which 
will bed escribed under Cupellation (see below). 

Whatever process is employed to determine the lead, some standard is adopted by 
the m an ufacturer, to which to refer in calculating the value of the ores. For example 
in Wales the “ standard ” is 77 per cent, or 7 oz 14 dwts. on the assay. The value of 
this standard fluctuates with the market price of lead, and for every variation of a dwt 
or half a per cent, an established addition or deduction is made in the price. Any 
silver present is calculated in ounces on the ton, and paid for per ounce. 

The following tables have been constructed to save trouble in calculating the results 
of assays : — 


Produce of Lead per ton of Ore, calculated from Assay, 


/ Percent. 

/ CWt. 

qrs. 

Jbs. 

1 Per cent. 

/ cwt. 

qre. 

lbs. 

I Per cent 

/ cwt. 

qn. 

lbs. 

/ * 

1 0 

0 

1! / 

6 

i 

0 

22 

1 30 

1 6 

0 

0 

1 

o 

0 

22 

7 

1 

1 

16 

1 40 

8 

0 

0 

2 

0 

1 

16 

8 

1 

2 

n , 

60 

10 

0 

0 

3 

0 

2 

n 

9 

1 

3 

5 

| 60 

12 

0 

0 

4 

0 

3 

5 I 

10 

2 

0 

0 

70 

14 

0 

0 

5 

1 

0 

0 II 

20 

4 

0 

0 

80 

16 

0 

0 1 


Produce of Lead per bing of Ore , calculated from Assay. 


Per cent. 

cwt. 

qr« 

lbs. 

Per cent. 

cwt. 

qrs 

lbs. 

Per cent. 

cwt 

qrft. lbs. 

•10 

0 

0 

•896 

100 

0 

0 

8-96 

10-00 

0 

3 

5-GO 

*20 

0 

0 

1 792 

2-00 

0 

0 

1792 

20 00 

1 

2 

11-20 

•30 

0 

0 

2-688 

3 00 

0 

0 

26-88 

30 00 

2 

1 

16 80 

•40 

0 

0 

3*584 

4-00 

0 

1 

7-84 

40 00 

3 

0 

22 40 

•50 

0 

0 

4-480 

500 

0 

1 

16-80 

50-00 

4 

0 

0- 

•60 

0 

0 

5-376 

c-oo 

0 

1 

25*76 

60-00 

4 

3 

5(>0 

•70 

o 

0 

6-272 

700 

0 

2 

26-72 

70 00 

5 

2 

11-20 

•80 

0 

0 

7-168 

8-00 

0 

2 

15-68 

80 00 

6 

1 

16-80 

•90 

0 

0 

8 064 

9 00 

0 

2 

21-64 






Estimation of the. Silver . — The separation of lead and silver in the dry way, by the 
process known as cupellation, depends on the fact, that while lead, when exposed to 
the air at temperatures above its melting point, is rapidly oxidised, silver remains unal- 
tered. If, therefore, an argentiferous load is heated in a current of air, on a support of 
such a texture that tho litharge formed from the lead shall be absorbed as fast as 
produced, tho silver will be finally left in the form of a button. This support is called 
the “cupel,” a flat, slightly hollowed-out dish of pounded bone-ash, compressed by a 
mould into the proper form. Tho process is conducted in a furnace, such as is shown in 
figs. 038, 639, where a is the ash-pit door; d’ und /, doors for supply of fuel; the open- 
ing by which access is obtained and the supply of air regulUteu to the muffle m. This 
muffle is a small fire-clay oven, situated in the centre of theflre,and pierced by slits at the 
sides and inner end, which, when the door is opened, esfiidish a current of air through 
the apparatus, while it is maintained at any desired temperature by means of a damper. 
In using the apparatus, the muffle is first raised to a red h£at ; 4 to 8, or more, well-dried 
cupels are then introduced, and tho door closed. When they have attained a clear 
rea heat, the door is opened, a button of lead is placed in each cupel by tongs, and the 
door again closed. On opening it partially, the buttons are seen “uncovered,” or pre- 
senting a bright metallic surface, and a dark ring instantly begins to form round the 
circumference of the lead, as the litharge formed by its oxidation is absorbed by the 
cupel, the rings gradually extending as the buttons diminish. The moment when the 
oxidation is completed and pure silver left, is recognised by a peculiar phenomenon 
known as the “brightening” of the silver button, which appears, for an instant, 
to revolve rapidly on its axis, while covered with a play of prismatic colours. The 
play of colours disappears, and the button becomes still and lustrous. It is then 
withdrawn from the furnace, detached from the cupel, cleaned, and weighed in a 
Dalance turning with *001 gr. Simple as the process appears, some practice is 
required, and many points demand attention, before uniform results can be obtained. 
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The temperature should be the lowest at which the assay will proceed steadily, as » 
sensible amount of silver is volatilised with the vapour of lead. The temperature, on the 
other hand, must not he reduced too low, as the absorption of the litharge by the cupel 
is then impeded. Again, the draught, if too rapid, cools the cupel unduly, and if too 
slow, does not effect the oxidation with sufficient rapidity, thereby increasing the loss 
by volatilisation. Further, the absolute quantity of silver remaining the same, if the 
quantity of lead be much increased, the loss in silver will be greater. But, if the 
silver-lead be very rich, a loss will arise from the absorption of the alloy into the pores 
of the cupel. When the heat is too great, the cupels are whitish and the metallic 
matter they contain can scarcely be seen ; the fume is scarcely visible, and rises rapidly 

Fig, 638. Fig, 639. 



to the arch of the muffle. When the heat is not strong enough, the smoke is thick 
and heavy, falling in the muffle, and the litharge can be seen forming 1 urn pa ami scales 
about the assay. When the heat is properly managed, the cupel is red, and the fused 
metal luminous and clear. 

Lastly, a source of loss arises from what is termed '‘vegetation” of the button, 
which is due to the absorption of oxygen by the molten metal. When the metal is 
cooling, in a button of any size, the surface cools and solidifies before the centre has 
abandoned its mechanically dissolved gas, which, when it is liberated, forces itp way 
through the external crust, raising it into fantastic arborescent forms, which, once seen, 
sufficiently explain the term. But as portions are frequently projected outwards by 
the sudden action, it is necessary to cover the cupel, while still hot, with a previously 
heated old cupel to secure its very gradual cooling. It is only, however, in the case 
of buttons much larger than a pin's head that this precaution is essential. The 
weight of the cupel ought to be about one-third greater than that of the load to be 
cupelled; a good cupel will absorb its own weight of litharge under ordinary circum- 
stances. 

Lead is not the only metal which may -be separated from silver by this process, 
Bismuth may be perfectly “ cupelled,” and copper, antimony, iron, tin, &c„ may be 
" passed ” by the addition of sufficient lead to carry their oxides into the cupel. 

The following tables are useful in an away office, where numerous assays are mad# 
from time to time, and they are constructed for different weights of Itiad cupelled, M 
well as the produce per 20 cwt. or ton and per 21 cwt. or fodder of lead 
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Yield of Silver per Ion, calculated from Assay of 400 grs. 


400 grs. give 

Yield per ton. 
ox. dwts. grs. 

400 grs. give 

Yield per ton. 
oz. dwts. grs. 

400 grs. give 

0*001 

0 l 15 , 

0*05 

4 1 16 j 

0*8 

*002 

0 3 6 

*06 

4 18 0 | 

0*9 


Yield pe r t„„_ 
01 - dwts. grs. 


6 16 



*003 
•004 
• 005 
* 006 
• 007 
• 008 
*009 
•010 
•020 
•030 
•040 


Yield of Silver per don, calculated from Assay of 1 oz. 


1 o*. gives 
grs. 

Yield per ton. 
ox. dwts. grs. 

1 oz. gives 
grs. 

Yield per ton. 
oz. dwts. grs. 

1 oz. gives 
grs. 

Yield per ton. 
ox. dwts. grs. 

0001 

0 

1 

11*84 

005 

3 

14 

160 

0 8 

1 

59 

14 

16*0 

*002 

0 

2 

23*68 

*06 

4 

9 

14*4 

0*9 

67 

4 

00 

•003 

0 

4 

11*52 

*07 

5 

4 

12 8 

1*0 

74 

13 

80 

•004 

0 

5 

23*36 

*08 

5 

19 

112 

20 

149 

6 

160 

•005 

0 

7 

11*20 

*09 

6 

14 

9*6 

3*0 

224 

0 

0 0 

•006 

0 

8 

23*04 

*10 

7 

9 

8-0 

4 0 

298 

13 

8*0 

•007 

0 

10 

10-88 

*20 

14 

18 

16 0 

6*0 

373 

6 

16 0 

*008 

0 

11 

22*72 

•30 

22 

8 

0 0 

6*0 

448 

0 

0*0 

*009 

0 

13 

10-56 

*40 

29 

17 

80 

7 0 

622 

13 

8*0 

*010 

0 

14 

22*10 

*50 

37 

6 

16*0 

80 

597 

6 

16 0 

•020 

1 

9 

20-80 

*60 

41 

16 

0*0 

9*0 

672 

0 

0 0 

*030 

2 

4 

19*20 

*70 

52 

5 

8*0 

100 

746 

13 

8*0 

*040 

2 

19 

17*60 ! 
^ 







Table of Silver per Fodder of Lead, calculated from Assay of 1 oz. 


1 os. gives grs. 

ox. divts. grs. 

1 ox. gives grs. 

ox. dwts. grs. 

0*001 

0 

1 

13 6 

0*009 

0 

14 

2 

*002 

0 

3 

3*2 

*010 

0 

15 

16 

*003 

0 

4 

16*0 

*020 

1 

11 

8 

•004 

0 

6 

6*0 

•030 

2 

7 

0 

•005 

0 

7 

20*0 

*040 

3 

2 

17 

*006 

0 

9 

9*0 

*050 

3 

18 

9 

•007 

0 

10 

230 

*060 

4 

14 

1 * 

*008 

0 

12 

13*0 

*070 

5 

9 

8 i 


il ox. gives grs. 

ox. dwts. grs. 

| 0*08 

6 5 10 

*09 

7 1 2 

*10 

7 16 9 

•20 

15 13 14 

*30 

23 10 9 

•40 

31 7 4 

L - 60 

39 4 0 


VI. Atomic Weight of Lead. 

The Atomic weight of this metal has been determined chiefly by the experiments of 
Berzelius, made in 1830 and 1845 (Pogg. Ann.xix 300; Lchrbuch, 5*« Aufl. iii. 1187). 
By reducing pure protoxide of lead with hydrogen gas, he found that 100 pts. of the 
protoxide contain r 1724 pts, oxygen, whence, regarding the protoxide as Pb*O f and 
putting oxygen -16, the atomic weight of lead is 103*54 ; if, however, a certain number 
of the determinations, which do not agree very well with the rest, be left out of account, 
the atomic weight is found to be 103*57. The extreme limits of the determinations 
l ? J qU S 8t,<m T 6 * 10 . 103*36 and 103*65. Within the same limits also are comprised the 
olderdetemmations ofB e r z e 1 i u s (1818), which gave 103*56; also those of Turner 
in 1835 (Ann. Ch Pharm. xiii 14), which gave 103*61, and nearly also those of 

f^ C n« a ^P < Aan * Ch ‘ Ph £\t 2 ] raiv - 105 >’ 7 hich g avo cambers ranging 

from 108 64 to 103 74. The mean of all tne best determinations is 103*56 ; or if lead 
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be regarded as diatomic, and the protoxide be represented by the formula Pb"0, then 
the atomic weight is 207 12. T. R. 

j,BAD, nvosiBI OF, PbF*, is obtained by precipitating acetate of lead with 
hydrofluoric acid, or by decomposing carbonate of lead with the same acid, as a white 
powder, sparingly soluble in water, easily fusible, soluble in hydrochloric and in nitric 
acid, by which it is decomposed on evaporation. When treated with aqueous ammonia 
or fused with oxide of lead, it is converted into a more soluble oxyfluorido, the 
solution of which has an astringent taste, and on standing in the air, deposits carbo- 
nate of lead, mixed or combined with fluoride of lead. 

A chlorof luor ido of lead has been already described (p. 639). 

XAA9, ETBBOALVMZNOtffl. See Plumrorksiritr. 

LEAB, ZOX>ZX>B OF, Pbl 2 , is obtained by precipitating nitrate of lead with 
iodide of potassium, avoiding an excess of either salt. It is a precipitate of a fine 
light yellow colour; soluble in 1,236 pts. of cold water (Denort), and in 194 pts. of 
boiling water, forming a colourless solution, whence it crystallises on cooling in 
flexible, six-sided, laminar crystals. It is obtained in tho same form by mixing the 
solutions of ioiide of lead and iodide of potassium at tho boiling heat. It is not 
more soluble in water containing acetic acid than in pure water. According to Henry, 
it is not quite insoluble in alcohol. Ether, according to A. Vogel, extracts iodine from 
it, leaving oxyiodide of lead. It dissolves in cold, and still more in warm aqueous sal- 
ammoniac, and crystallises therefrom on cooling in yellowish white noodles (Boull ay). 
In caustic ammonia, nitrate, succinate, carbonate, and sulphate of ammonium, it turns 
white (Wittstein). When boiled with the carbonates of the alkulis or alkaline earths, 
it yields carbonate of lead and a soluble iodide. 

Iodide of lead, when heated, turns reddish-yellow and brick-red, then red-brown, 
and molts to a liquid of tho same colour, which solidifies to a yellow mass. When 
fusod in contact with the air, it gives off a p:irt of its iodine, and leavos an oxyiodide 
of lead. It is easily decomposed by chlorino. Zinc or iron boiled with it under 
water bikes up the iodine and precipitates metallic load. 

Iodide of ljfad and Hydrogen, Pbl 2 .2lII, crystallises from a solution of iodide of load 
in warm aqueous hydriodic acid, in concentrically grouped, silky needles, which give 
off the whole of the hydriodic acid w r hen lioated, and i>srt of it even when exposed to 
the air at ordinary temperatures. Tho acid may also bo extracted by water. 

A mmonio- iodide of lead , or iodide of plumhanunonium , N*ll‘PbI*, is obtained as a 
white powder by passing ammonia-gas for a long time over finely-pulverised iodide of 
lead, or by digesting it at ordinary temperatures with sal-ammoniac. It gives off its 
ammonia spontaneously on exposure to the air, and even in an atmosphere of ammonia 
when heated. 

Aceto-iodide of lead , PbI.C 2 H*Pb0 2 , or C p[!,° J j\ analogous to glycolic iodacotin 

(ii. 6G8), is obtained in a similar manner to tho corresponding chlorine-compound 
(p. 639), with which it is isomorphous. (Car i us, Arn. Ch. Pharm. exxv. 87*) 

An iodochloridc of lead, Pb , Cl 4 I 2 , Iiuh been already described (p. 639). 

An iitdide of lead and ammonium is formed, as a white precipitate, on adding iodide 
of ammonia in excess to nitrate of lead. , 

A compound of iodide of lead with chloride of ammonium, SNIPCl.Plu 1 , is obtained 
by dropping a solution of neutral acetate of lead into a boiling mixed solution of iodide 
of potassium and sal-ammoniac, as long as no permanent precipitate is formed. On 
cooling, the double salt crystallises in slender yellow, shining needles, which, however, 
are decomposed by water, the sal-ammoniac dissolving out first. 

Another compound, 2NITCl.PbI 2 .2H 2 0, crystallises in white silky needles. 

Iodides of lead and potassium. — When 1 at. iodide of lead (Pbl 2 ) and 1 at, iodide of 
potassium are dissolved in the smallest possible quantity of boi ling water, the solution 
yields on cooling, large yellow, shining, six-sided laminar, having the composition 
Kl.Pbl 2 , and on dissolving these crystals in a hot solution of iodide of potassium, 
white silky needles, consisting of 4KI.PbI 2 , are deposited as the liquid cools. Both 
salts are decomposed by water and by alcohol. 

Man oEBS. The following is a list of minerals containing load as an essential 
constituent, and available, when they occur an sufficient quantity, for the extraction of 
the metal : 

Aciculite. Aikinite. Belonite. Needle-ore. Alumiuate of lead (hydrated). 1*1 umbo- 

Patrinite. } SVBi’S'. re<ini,e ' 

A 1 Lute. Tel lurid© of lead. PbTe. 
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Angleeitei Sulphate of lead Lead-vitriol. 
PbSO 4 . 

Antimonial sulphides of lead : see Boulan- 
gerite, Bournonite, Brogniardite, Freis- 
lebenite, Geocron ite, Heteromorphite, 
Jamesonite, Kobellite, Plagionite, Zink- 
enite. 

Antimonate of lead. Bleinierito. 
Pb 8 Sb 2 0 8 .4H 2 0. 

Araeoxene. Ziukiferous vanadate of lead. 
Arsenate of load : see Mimetite. 
Arsenoraelano. 2PbS.As*’S a . 

Binnite. A mixture of Araenomelane and 
»8clcroclaso. 

Bleinierite. Antimonate of lead. 
Boulangerite. 3PbS.Sb 2 S 3 . 

Bournonite (to which is related Wolchito). 

PV 

(2PbS.Cu 2 S).Sb 2 S* = (Cu 2 )" 


Sb* 


S*. 


Broguiardito. PbAg 2 S 2 .Sb ? S 8 . 

Cfiledonito. (Pb;Cu)CO a .P'oS0 4 . 
Carbonate of load. Cerusite. White load 
ore. PbCO 8 . 

Cerasin. Cornoous lend. Horn-lead. 
Chlorocarbonato of lead. Phosgenite. 
PbCP.PbCO 3 . 

Cerusite : see Cui*bormte of lead. 

Chiloilo. Vanadate of lead and copper. 

(Pb;Cu) 3 (V0 4 ) 2 .3(Pb;Cu)0. 

Chiviatite. 2PbS.3Bi 2 S\ 

Chloride of lead. Cotunnite. PbCl 2 . 
Chlorarsonuto of lead : seo Mimetite. 
Chlorocarbonato of load : see Coraain. 
Chlorophosphato of leud : see Pyromor- 
phite. 

Chromate of lead : soo Crocoi'site, Melano- 
chroite, lied load oro, Vauquolinite. 
Clausthalito. Selonido of lead. PbSe. 
Corneous lead. Syn. with Cerasiu. 
Cotunnite : seo Chlorido of lead. 

Crocofsito. Chromate of lead. PbO. 
Pb' 


Lead-glance : see Galena. 

Lead, native. 

Lead ochre. Native protoxide of lead. 
Lead ore, green : see Mimetite and p vro _ 
morphite. J 

Lead ore, red : see Minium. 

Lead ore, white : see Cerusite. 

y° Uow : 8 ®e Molybdate of lead. 

Le 3PbCO^Pblo? hftt0triCarb0nate ° f lead - 
Lehrbachito. Soienide of lead an® mer- 
cuiy. (Pb;IIg)Se. 

Linarite. Cupreous An glesite. Cupreous 
sulphate of load. CuH 2 0 2 PbSO 4 ^ 
Matlockite. Pb 2 Cl 2 0. 

Melanochroite. Phcenicito. Phmnoco- 

chroi'te. 3PL0.2Cr0* 


(Cr 




CrO 8 


Cr' 


,jo*. 


Cupreous sulphate of lead : see Linarite. 
Cupreous sulphatocarbonate of lead: see 
Caledonite. 

Cuproplumbite. 2PbS.CuS. 

Bechonite. Vanadato of lead. PbV 2 0 8 . 
Descloizito. Pb*V 2 0 7 or 2PbO.V 2 0\ 
Embrothite: see Boulangerite. 

Eusynchite. Syn. with Bechenite. 
Freislebenite. Pb a Ag<S\2Sb 2 S 8 . 

Galena. Lead-glance. Sulphide of lead. 
PbS. 

Geocronite. Arsen iferous Schulzite. 
Heteromorphite. Feather-ore. Plumo- 
site. 2PbS.Sb 2 S*. 

Hydroaluminous lead: see Aiuminate of 
lead. 

Kilbrickenite. 6PbS.Sb*S 8 . 

Kobellite. 

Lanarkite. Sulphatocarbonate of lead. 
PbC0 8 .Pb60\ 




Mendipite. Pb s Cl 2 0 2 . 

Meneghinito. 4PbS.Sb 2 S 8 . 

Mimetite, Mimotesite, Mimetene. Green 
lead ore. PbCl 2 .3Pb 3 As 2 0 8 . To this 
is related Hedyphane, containing also 
calcium and phosphorus. 

Minium. Bed oxide of lead (p. 552). 

i Molybdate of lead. Wulfonite. Yellow 

lead ore. PbO.MoO* = pb''*! 04 * 

Muriocarbonato of lead. Syn. with Co- 
rasiu. 

Nagyagito. Foliatod Tellurium. Pb* 
Au 2 ).(Te;Se). v ' 

Needlo ore : see Aciculite. 

Oxides of load : seo Load ochre, Minium, 
and Platt nerito. 

Oxychloride of lead : see Matlockite and 
Mendipite. 

Patrinite : see Aciculite. 

Phomicite or Phomicochroito : see Me- 
lanochroite. 

Phosgenite: soe Cerasin. 

Phosphate of leud : see Pyromorphite. 

Plagionite. 4PbS.3Sb 2 S 3 . 

Plattnerito. Peroxide of lead. PbO a . 
A doubtful spocios. 

Plumboresinito : soo Aiuminate of lead. 

Plumbostib : see Boulangerite. 

Polysphwrite. Pyromorphite containing 
calcium. - 

Polytelito. „ 4(Pb;Ag 2 )S.Sb 2 S 8 . 

Pyromorphtjg. Green lead ore. Chloro- 
phosphato t>f lead. 3Pb*P 2 0 8 + PbCl 8 
or PbFV 

Schulzite. 5PbS.Sb*S 8 . 

Selenate of lead. PbSeO 4 . 

Selenide of lead: see Clausthalite and 
Lehrbachite. 


PVWO 4 , 


Stolzito : Tungstate of lead. 

Sulphate of lead : see Anglesite. 

Sulphatocarbonate of lead: see Lanark- 
ite. 

Sulphatotricarbonate of lead : see Lead- 
hillite, and Sulzannite. 

Sulphide of lead : see Galena. 

Sulzannite. Rhombohedral sulphatotri- 
carbonate of lead. PbSO 4 . 3PbCO*. 
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Telluride of lead : see Altaite, and Nag- 
yagite. 

Tungstate of lead : see Stolzite. 
Vauquelinite. gpj^Q 1 4CrO*. 

Vanadate of lead : see Dechenite, Des- 
cloizite, and Vanadinite. 


Vanadinite. SPb^O'.PbCl*. 
Wolchite : see Bournonite. 
Wulfenite. Molybdate of lead. 
White lead ore : see Cerusito. 

Zinkenite. PbS.8b 9 S* » Is*. 

s£*J 


The or6s which are actually worked for lead have been already described (pp. 480, 
481) : for the rest, see the several articles. — Respecting the working of lead ores, see 
pp. 481 — 531 ; methods of assaying them, p. 543. 

JUBADi OZZOB8 OF. Lead forms fivo oxidos, viz. : 


Tho Suboxide . 




Pb*0. 

Tho Protoxide . 




PbO. 

Tho Red oxide . 




Pb»0 4 . 

The Sesquioxido 




Pb*0*. 

The Dioxide or Poroxido . 




PbO f . 


The protoxide is a strong base ; the sesquioxide and peroxido also unito with acids. 
The rod oxide is decomposed by most acids. All tho oxides of load are easily reduced 
to tho metallic state by charcoal at a rod heat. 


Bnboxlde. Pb 3 0. — This oxide, which was discovorod by Dulong, remains when 
oxalate of lead is cautiously heated in a retort from which the air is oxcluded. 
According to Polouze (Ann. Cli. Pharm. xlii. 209), tho retort should bo heated in an 
oil-bath to a temperature not exceeding 300°, tho heat being continued as long as any 
gas is given off : the gas thus evolved is a mixture of 1 vol. carbonic oxide and 3 vol. 
carbonic anhydrido : 

2PbC 2 0 4 - Pb 2 0 + CO + 3CO*. 


Tho whole is suffered to cool before the suboxido is removed. It forms a black 
powder, sometimes dull, sometimes having a velvety lustre. It contains no metallic 
lead, for mercury extracts nothing from it, either dry or under -water; neither does it 
contain any protoxide, for tho aqueous solution of acetate of lead does not extract liny 
protoxide from it on boiling. But when heated to dull redness, out of contact of air, it 
is resolved into a greenish-yellow mixture of lead and protoxide (Boussingault* 
Pelouze). After this treatment, mercury extracts lead from tho substance, and a 
boiling solution of acetate of lead or acetic acid leaves the lead in the form of a net- 
work, which, when pressed together between the fingers, forms a dense mass having the 
metallic lustre. Tho suboxide heated in the air takes fire, burns with a glimmering 
light, and is converted into protoxide. Dilute sulphuric, nitric , hydrochloric , or acetic 
acid resolves it into protoxide, which combines with the acid, and very finely- 
divided metallic lead. The same effect is produced by a strong solution of normal 
nitrate of lead ; ft dilute solution, on the contrary, takes up tho whole of tho suboxido 
and forms basic nitrate of lead. The suboxide, when moistened with water, rapidly 
absorbs oxygen from the air, and is converted into the white hydrated protoxide, tho 
action being attended with rise of temperature. A mixture of finely-dividod lead and 
litharge does not yield the samo result. 

The grey pellicle which forms upon load exposed to the air, has also, according to 
Berzelius, the composition Pb a O. 

Protoxide. Lead-oxide . PbO. — This oxide occurs native as lead-ochre, a 
massive mineral, sometimes with scaly crystalline structure. Specific gravity 8*0. 
Lustre dulL Opaque. Colour between sulphur- and orpiincnt-ycllow. Streak lighter 
than the colour. It does not soil. It is said to occur at Badenweiler, in Baden, and, 
according to Gerolt, has been ejected from the volcanoes Popocatepetl and Iztaccituall, 
in Mexico. It is found also at other localities in Mexico, and at Austin a mines, Wythe 

county, Virginia. (Dana, ii. 109.) ..... _ 

Protoxide of lead is obtained pure by igniting the basic nitrate, or the carbonate or 
oxalate of lead, in a platinum crucible, in contact with the air, taking care that the 
oxide does not ftise, otherwise it will take up metal from the crucible, and if heated in 
a porcelain crucible, would take up silica. The pure oxide thus obtained has a lemon- 
yellow colour, and a specific gravity of 9-4214. . . A 

On the large scale, protoxide of lead is obtained in the forms of massicot and 
litharge. — 1. Massicot is prepared by heating lead to low redness on a flat hearth ,*n& 
continually removing the film of oxide as it forms, till the lead-ash at find obtained is, 
for the most part, converted into the yellow oxide ; the latter is then freed from the still 
remaining metallic portions by grinding and levigation.-2. Litharge is obtained m the 
oxidation of pig-Uadcontainins gold and siiver-the resulting lead-oxide, which is 
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generally contaminated with silica, ferric oxide, cupric and cuprous oxide, antimonious 
oxide, and other oxides, is fused by the high temperature, and solidifies in a scaly, 
shining mass, sometimes of a yellowish tint ( Argyritis , Silber-glatte), sometimes rather 
inclining to red ( Chrysitis, Goldalatte ). The oxide of copper may be completely 
removed by digesting the levigated litharge with aqueous solution of carbonate of am- 
monia (Bis ch of, Schw. J. 64, 65). — The antimonious oxide is left behind on dissolving 
the litharge in boiling nitric acid, and may then be dissolved in hydrochloric acia 
(Anthon, liepert. 58, 387.) — The difference between red and yellow litharge is attri- 
buted by Leblanc (J. Pharm. [3], Sept. 8, 1845) to a mere diversity of physical 
structure, not. of chemical composition ; for either modification may be obtained at 
pleasure by properly regulating the temperature and the rate of cooling; the red 
variety, which is specifically lighter than the yellow and more crystalline substance, is 
formed most abundantly when the cooling is slow. (See also p. 514.) 

Properties. — Protoxide of lead appears to be both dimorphous and amorphous, 
occurring in pale-yellow rhombic octahedrons and cubes, and regular dodecah^irons, 
and as a red amorphous powder. By the following processes it may be obtained in the 
crystalline state: — 1. By slow cooling after fusion. Litharge, when quickly cooled, 
solidifies in a mass of crystalline scales ; but the portion which remains on the muffle 
sometimes crystallises in yellow, translucent, six-sided tables (Marx); in trimetric 
octahedrons with a distinct plane of cleavage (Mi t scherl ich) ; in regular dodeca- 
hedrons, the angles of which are indefinite, in consequence of the curvature of the 
faces (Gaultier de Claubry and Beudant). White lead fused by the blowpipe- 
flame on a copper plate or other non-reducing support, crystallises in scales on cooling; 
but from the middle of it there generally shoots out a mass, half a line long, sometimes 
in the form of a triangular pyramid, sometimes in that of a nearly perfect rhombic 
dodecahedron, of a hyacinth-rod tint while hot, becoming sulphur-yellow and trans- 
lucent as it cools, and opaque and dull when perfectly cold. This alternate fusion and 
crystallisation may be repeated several times. — 2. By fusion with hydrate of potassium. 
If 1 part of lead-oxide and from 4 to 6 of hydrate of potassium be fused for a short 
time in a silver crucible at an incipient red heat, and the mass after cooling exhausted 
with water, the lead-oxide remains in the form of cubes and square tables (Becq uc rel, 
Aim. Ch. Phys. [ 2], li. 105). — 3. By treating lead-oxide with potash or soda-ley. From 
a solution of lead-oxide in soda-ley, saturated while hot, placed in a stoppered bottle, 
and then left to itself all through the winter, the lead-oxide crystallises in small, white, 
translucent rhombic dodecahedrons (Hou ton -Lab i 1 lardi 6re, J. Pharm. iii. 335). 
The crystals are trimetric octahedrons, having the same angles as those obtained by 
fusion (M it so her lie h). Strong boiling potash-ley saturated with lead-oxide yields, 
on cooling, yellow scales similar to those of litharge ; if the potash -solution is less fully 
saturated with lead-oxide, or if it has deposited the excess of that oxide in scales, no 
further deposition takes place till after perfect cooling, whereupon red scales are thrown 
down, perfectly soluble in acetic acid, and therefore free from minium ; if these scales aro 
heated, they turn yellow on cooling, lienee it appears that litharge may have a red 
colour without containing minium or red oxide of copper (Mitscherlich, J. pr. Chem. 
xix. 451). — Boiling sodn-ley of 40° — 41° B., saturated with hydrate of lead, yields 
rose-red crystals of the protoxide on cooling. These crystals yield an orange-yellow 
powder, similar to that of litharge. At about 400° they turn black, increase in bulk, 
decrepitate with loss of 0T per cent, of water — and when heated to low redness, 
assume a sulphur-yellow colour without changing their form. While still in the red 
state, they dissolve, though very sparingly, in nitric acid, either concentrated or dilute 
(Calvert, Compt. rend. xvi. 136). If hydrated lead-oxide be boiled with a quantity 
of aqueous alkali not sufficient to dissolve it, the uijdissolved portion becomes con- 
verted into crystalline anhydrous oxide; the resulting sghjtion, when evaporated, yields 
more crystals of the anhydrous oxide, distinguished frt>rh the former portion by their 
easy aolubiliiy in alkalis, even when dilute ( Fr^ my, J. Pharm. [3], iii. 30). — 4. By 
precipitating a lead-salt with excess of alkali. Solution of neutral acetate of lead 
mixed with excess of ammonia and exposed to the sun for a few days, yields olive- 
green, very hard crystals of anhydrous oxide (Tun nermann, Kastn. Arch. xix. 339). 
Behrens (J. Pharm. [31, iv. 4, 18) supersaturates the sugar-of-lead solution with a 
quantity of ammonia sufficient to re-dissolve the precipitate ; filters to separate any 
carbonate of lead that may have been formed ; puts the filtrate into a stoppered 
bottle ; and exposes it to the rays of the sun. After a few hours, transparent crystals 
make their Appearance, colourless at first, but afterwards becoming yellowish, and 
finally yellowish-grey. Their powder is white, but assumes a dark brown-red colour 
after long trituration. — 4 measures of solution of lead-acetate, saturated at 30°, mixed 
with 100 measures of boiling water, and then with 45 measures of aqueous ammonia, 
deposit, in the course of half a minute, a large number of very delicate, yellowish-white 
rhomboidal laminae, having a silvery lustre and united in tufts ; these laminae must be 
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separated by levigntiou from tho crystalline granules of hydrated oxide, which fhll 
down at the same time, then washed with boiliug water, and dried in vacua When 
ignited, they do not give off any water — or only a traee of it, with decrepitation-— 
neither do they lose their transparency. They may bo obtained without admixture of 
hydrate, by boiling 100 measures of a saturated solution of triplumbic acetate with 60 
measures of water, adding thereto a mixture of 60 measures of water at 80°, und 
8 measures of aqueous ammonia and heating t lie mixture in the water- bath. In the 
course of a minute, crystals of the oxide separate, free from hydrate, the formation of 
the hitter being prevented by the high temperature (Payen, Ann. Oh. Phys. [2], 
Ixvi. 64). — 6. By placing lead in contact with air and water. On the liottom of a 
leaden vessel filled with water, there are first formed a number of white flakes of 
hydrated basic carbonato of lead, then shining grey crystals of anhydrous oxide, partly 
in scales like mica, partly in rhombic dodecahedrons with cube-faces. When heated, 
they become opaque and orange-coloured, but without losing weight or lustre. (Y orke, 
Phil. Mag. [3J v. 82.) 

The specific gravity of protoxideof lend is 9-20092 (Karsten), 9*277 (Herapath), 
9*303 (Playfair and Joule); after fusion 9*60 (Boulluy). Aeeonling to T,eblitne 
(Ann. Oh. Pharm. lvi. 236), the specific gravity of litharge is greater after slow than 
after quick solidification. The cubical expansion between 0° and 100° is 0 00796. 
At a red hout it melts to a clear tlark red liquid, which solidifies to a reddish-yellow 
crystalline mass. 

Protoxide of lead unites readily with acids, forming neutral and very soluble salts, 
and likewise exhibits a decided chlorous or negative reaction towards strong basts. 
It dissolves readily in caustic potash and soda. Baryta- water and Hmc-ivaft r also 
dissolve it, and the lime-com pound is said to crystallise in sparingly soluble needles. 
By boiling tlio protoxide with milk of lime, a liquid is obtained which may be used 
for producing a black dye on hair, nails, horn, and wood. 

An oxitle of lead and silver, Ag**0.2PbO or Ag t Pb*0 J , is obtained by adding caustic 
potash to a solution of a lead-salt mixed with a silver-salt, as a yellow precipitate 
insoluble in excess of the alkali, and thereby easily separated from udmixist load-oxide. 
It is easily solubl * in nitric acid; blackens on exposure to light; leaves, when ignited, 
a mixture of load-oxide and metallic silver ; and when quietly heated in hydrogen 
gas is reduced to an easily fusible alloy of the two metals. (Wohler, Pogg. Ann 
xli. 311.) 

Protoxide of lead dissolvos, aeeonling to llinoau, in 7,000 pts. of punt water, form- 
ing a solution which decomposes most salts of the alkali -metals. The solubility is 
greatly diminished by the presence of certain salts, e.g. sulphates, phosphates and 
carbonates, and increased by that of ammonia aud its salts (p. 47). 

Hydrate, or Hydrated Oxideof Lead^ iH obtui nod on adding a solution of neutral 
acetate of lead to oxccsa of ammonia, as a whito amorphous procipitutu containing 
3Pb().2IPO (Payen), or 2Pb0.1I’0 (Schaff nor), or, according to older statements, 
PbO.JPO or PblPOb If the solution be heated, the anhydrous protoxide is formed 
at. the same time. When lend is immersed in pure water, liydmto of lead is formed, 
and partly dissolves (v. Bonsdor f f ). The hydrate precipitated on treating nitrate or 
acetate of lead with caustic potash is always mixed, aeeonling to W i n ko 1 b loch, with a 
certain quantity of basic salt. According to other statements, however, the acid which 
it contains may bo completely removed by digestion with a slight excess of alkali. 

The hydrate prepared by precipitation with ammonia, as above, appears under the 
microscopo to bo compose! of prismatic crystals. It must bo protected from tho air 
during washing, otherwise it will absorb carbonic acid. It retains its water at 100'\ 
but gives it up at a somewhat higher temperature, and is converted into tho anhydrous 
protoxide, which is red whilo hot, yellow after cooling. 

Hydrate of lead takes up ammonia , forming tho two compounds 2NII , .l > bO.II 1 0 and 
2(NH*.4PbO)JPO. (Calvert, Compt. rend. xxii. 480.) 

Red Oxide of Itead. Bed Lead, Minium. Pb"0'* 2PbO.PbO* or PbO.Pl^O 1 . — 
This oxide is formed when the protoxide is kept at a low red heat for a considerable 
time in contact with the air; also, after previous formation of hydrated protoxide 
and basic carbonato of lead, when lead-shavings aro strewn upon water, the vessel 
being loosely covered, and then set aside for so mo months, tno formation of red 
lead taking place chiefly on those surfaces of tho metal which are exposed to the 
fir. In like manner, thawings made with lead turn red in tho course of years, 
(v. Bonsdorff.) 

The red oxide also occurs native in certain localities, mixed with other ores of lead, 
and probably resulting from their oxidation, viz. at Bleialf and Kail in the BIfel^ut 
Badenweiler in Baden ; at BriLlon in Westphalia; on Graesington Moor, and id Weir* 
dale, Yorkshire; in the Isle of Anglesey, and at Austin’s Mine, Wythe County ( 
Virmnia. whpw it accompanies cerusitc. 
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Bed lead is extensively used as a pigment , and in the manufacture of flint-eW 
It is prepared on the large scale in this country , chiefly in Derbyshire, by oxiS 
lead in a reverberatory furnace having two fire- hearths ,■ covered by an elh'ptically 
arched roof; they are situated at the extreme end of the furnace, and are separated 
from the middle hearth , or lead-hearth, by low walls or fire-bridges. The fuel used is 
coke. About l,500lb8. of lead (one- tenth consisting of bard lead) are placed upon the 
lead-hearth, and worked about, os soon as it is melted, with an iron crutch, the oxide 
(mosaic ot) us it forms being pushed to the side of the hearth. The temperature 
must not be raised above low redness, so that the oxide may not melt, After 24 
hours, the massicot is taken out, reduced, to very fine powder by grinding and ieviga- 
tion, again placed upon the lead-hearth, and exposed to the same temperature as 
before for 48 hours, or till a sample taken out appears dark red when hot, and bright 
red on cooling. The furnace must then be closed, and left to coo] slowly, a condition 
mainly essential to the success of the operation. In Germany the conversion of the 
massicot into red lead is effected in a peculiar furnace, in which the massicot is placed, 
not on a hearth, but in barrel-shaped vessels open at both ends. Sometimes the 
operation is repeated in order to improve the colour.^ Carbonate of lead may also be 
used, instead or massicot, for conversion into red lead, but when the temperature is 
properly regulated, another pigment is obtained, eallod Orange Lead . Red lead thus 
prepared, which, however, retains a little carbonic acid, is known as a pigment by the 
name of Paris red. 

To free commercial red load from the yellow oxide mixed with it, Dumas digests it 
repeatedly with solution of lead* acetate ; Berzelius and Dalton recommend treatment 
with cold, very dilute acetic acid; Phillips recommends 144 pts. at most, of strong 
ucetic acid diluted with a large quantity of water to 100 of minium, inasmuch as if 
more acid be used, the brown peroxide is likewise formed. According to Dumas, 
however, peroxide of lead is always formed in the purification of minium, before the 
whole of the free protoxide is extracted, even when the dilutest acetic acid is employed. 

Commercial red lead likewise contains all the foreign metallic oxides — such as the 
oxides of copper, iron, and silver — with which the massicot or litharge used in pre- 
paring it is contaminated. Red lead is likewise often adulterated with oxide of iron, 
red bole or brick-dust; these substances remain uinlissolved when the red lead is di- 
gested in warm dilute nitric acid ; boiling hydrochloric acid extracts sesquioxidn 
of iron from tho residue. When red lead thus adulterated is ignited, there remains a 
mixture of yellow lead-oxide and the red substances that have been added to it. 

On the small scale, red lead may be obtained of very fine colour by the following 
processes: — 1. When 4 pts. of lead-oxide, prepared by igniting white lead, are heated 
in a silver or platinum crucible with 1 pt. of chloruto of potassium and 8 pts. of nitre 
(the latter acting as a flux and thereby saving the chlorute), brown peroxide of lead is 
first obtained ; hut this, when further heated to dull redness, is converted, with intu- 
mescence and thickening of the mass, into red lead. As soon as the red lead begins 
to decompose at the edge of the crucible, the muss is suffered to cool, and the red lead 
well boiled with water containing potash. — 2. By boiling peroxide of lead with aqueous 
plumhate of potassium, or 1 pt. of the peroxide with 5 pU. of lead-nitrato and a 
quantity of aqueous potash or soda sufficient to redissolve the hydrate of lead first pre- 
cipitated, till a brown-red mixture of minium with a small quantity of the peroxide is 
produced, and digesting this mixture, after washing, with oxalic acid, which decom- 
poses the peroxide without acting on the minium. The minium obtained by this 

I >roeess is rather dark-coloured, but becomes brighter when nibbed up with water; it 
las the same conqxxsition as that which is obtained by the ordinary method. (Le vol, 
Ann. Ch. Phys. [31 lxxv. 108.) * 

ProiHrties. — Red oxide of lead is a scarlet, crystalline granular powder ; when 
heated, it first assumes a finer red colour, and then turns violet. .Specific gravity 8*62 
(Kars ten), 894 (M u sell onbroek), 9082 (Hera path); of native minium 4 6 [?], 8*6. 
(I)ana, ii. 126.) 

Red lead was formerly supposed, according to analyses by Richter, Wicgleb, 
Thomson, and Berzelius, to bo a sosquioxide, Pb s O*; but it is probable that the 
products examinod by these chemists containod protoxide or carbonate of lead; for 
Dumas lias shown that the perfectly pure red oxide specially prepared for analysis, or 
the commercial product freed from protoxide by digestion with solution of acetate of 
lead, contains 90*63 per cent, lead and 9*37 oxygen, numbers agreeing exactly with the 
formula Pb s O*. It may bo regarded either as a compound of the protoxide and per- 
oxide of lead, 2PbO.PbO*, or perhaps of the protoxide and sesquioxide, PbO.Pb*0% 
analogous to magnetic oxide of iron. Jucq uelai n (J. pr. Chom. liii. 151) found that - 
a mixture of 1 at. PbO and 1 at. PbO 3 , heated to 450°, assumed a fine red colour, 
gave off no oxygen, and was afterwards perfectly soluble in potash-loy and glacial 
acetic acid. It is possible, however, that there may be more than one red oxide of 
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lead intermediate ia composition between the proto- and peroxides; for a crystallised 
red lead from a minium furnace, analysed by Houton-Labilhudiire, exhibited the 
composition SPbO.PbO*. 

Decomposition* — 1. By rather strong ignition, red lead is resolved into the prot- 
oxide and 2*4 per cent, of oxygen gas (Dumas). — 2. By mauy oxidable bodies, at 
various temperatures, it is reduced to the protoxide. Aqueous sulphurous and ntfroM 
acids, at ordinary temperatures, convert it respectively into sulphate and nitrate of 
load ; sulphurous acid acts very slowly in the cold, but rapidly on tho application of 
hoat. Bichloride of tin converts it, wit h a rise of tcrapemturo of 13°, into chloride of 
lead and stannic oxido (A. Vogel, Kastu. Arch, xxiii. 84). It is likewise reduced 
by boiling with a solution of sugar, and oxidises many organic acids. When 2 pts. of 
red lead and 1 pt. crystallised tArtaric acid aro rubbed up to a thin paste with a small 
quantity of water, tho mixture becomes hot and whitish, and tho odour of formic acid 
is givdh off (Bd ttgor). — 3. By a small quantity of hydrochloric acid , red load is con- 
verted into chloride of lead, poroxido of lead, and water: 

Pb*0 4 + 4HC1 ~ 2PbCl* + PbO* + 211*0. 

By a larger quantity of hydrochloric acid, into chlorido of lead, chlorine gas, nnd water : 
Pb*0 4 + 8IIC1 - 3PbCl* + Cl 2 + 411*0. 

4. By chlorinc-watcr, into chlorino and peroxide of load : 

Pb*0 4 + Cl* - PbCl* + 2PbO*. 

Similarly with bromine-water (Lb wig). Minium is not decomposed by mercurous 
nitrate or oxalic acid. (Levol.) 

Heated with strong sulphuric acid , it yields sulphate of lead and free oxygen. By 
nitric acid, dilute sulphuric acid, and likewise by weaker acids, such as ordinary aettio 
acid , it is resolved into protoxide and peroxide, the former dissolving in tin* form of an 
ordinary lead-salt, while tho latter remains undissolved. In glacial acetic acid, however, 
it dissolves completely; and when considerable quantities of it, but not. quite sufficient 
for saturation, are dissolved in that acid at 40 tho liquid on cooling deposits prismatic 
crystals of acetate of peroxide of lead, wliilo an acetate of the sesquioxidc remains in 
solution (Jacquolain, J. pr. Chem. liii. 1-51). According to Schbnbein {ibid. 
Ixxxiv. 315), concentrated ucetic acid shaken up for about 15 minutes with levigated 
minium, takes up about 0 per eent. of it, forming a solution which is quickly decom- 
j*osed by heat or by dilution, but appears to be stable at — 18°. Sulphuric acid added 
to this solution throws down all the protoxide of lead contained in it, leaving a puro 
solution of acetate of peroxide, which deposits the peroxide slowly at ordinary tem- 
peratures, quickly when warmed. Potash added to the solution of minium in acetic 
arid, throws down, not minium, but a mixture of the proto- and peroxides, which 
blues tincture of guaiacum and iodised starch-paste, reactions not produced by puro 
minium. The solution of minium, and that of too pure peroxide in acetic acid, imme- 
diately decolorise solution of indigo ; when shaken up with finely divided zinc, iron, 
lead, copper, or even silver, they form acetates of those metals and lose their oxidising 
properties. Tho same solutions convort iodine into iodic acid, sulphurous acid into 
sulphuric acid, sulphide of lead into sulphate, and act strongly at common tein- 
f* 1 futures on oil of turpentine. (Sell bn be in.) 

Minium likewise dissolves in cold concentrated aqueous phosjthortc and arsenic acids, 
forming salts of the peroxide. ( J a eq uel a i n, see p. 555.) 

Besquloxlde of X*oa<i. Pb*O a . —Hypochlorite of sodium throws down from 
lead-salts, a reddish -ye l low mixture of sesquioxidc and chloride of lead, which, if 
warmed or left to stand for some time, turns brown from formation of peroxide. To 
obtain the sesquioxidc free from chloride, nitrate of load is supersaturated with potash 
in sufficient quantity to redissolve fhe precipitate, and then treated with hyjkocjilorito 
of sodium. The yellow precipitate, when washed and dried, yields a soft, non-crys- 
talline, reddish -yellow powder, which may be dried over oil of vitriol. At a red heat, 
the sesquioxido is resolved into G*I7 per cent, of oxygen gas. and Ofi'53 per cent, of 
protoxide. By oxalic acid and by formic acid it is reduced to protoxide, with evolution 
of heat. With nitric, sulphuric, hydrofluosilieic and ncot.ic acids, generally without the 
application of heat, it is converted into peroxide and a salt of the protoxide. It 
dissolves in cold hydrochloric acid, forming a yellow liquid from which il is again pre- 
cipitated by alkalis : the liquid, however, resolves itself in a few minutes into chloride 
of lead and free chlorine. (Win kelblech, Ann. Ch. Phann. li. 175.) 

The sesquioxidc may also be obtained by precipitating a solution of the r<*d oxido ill 
acetic acid (trid. sup.) with caustic alkalis or alkaline carbonates. If the fixed alkalis 
are used, the eesquioxide always retains a portion of the precipitant, which cannot be 
removed by washing ; bgi by pouring the acetic solution into very dilute ammoni 1 

K H 2 
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separating the precipitate quickly from the liquid, washing it with hot water containing 
a very small quantity of acetic acid, and drying at 100°, the sesquioxide is obtained 
pure, having the colour of ferric oxide, and differing in external appearance from that 
obtained by Winkolblech, but agreoing with it in composition and reactions. Whon 
heated to 160°, it becomes darker, liko ignited ferric oxide, but does not decompose. 

The acetic solution of tho sesquioxide may be mixed, without decomposition, with 
horn 4 to 6 times its volume of alcohol of 96 u Tr. (Jacquelain, loc, cit.) 

Dioxide or Peroxide of Dead. Brown or puce Lead. PbO 4 . — This oxide 
is obtained: 1. By exposing the protoxide suspended in water to a stream of 
chlorine gas. Wohler precipitates a solution of 4 pts. of acetate of lead with a solu- 
tion of 3 pts. or father more of crystallised carbonate of sodium, and passes chlorine 
gas through the resulting thin pulpy mass, till the whole of the carbonate of lead ia 
converted into brown peroxide, amounting to 2J pts., which may then be washed. 
No chloride of load is formed in this reaction, the whole of the chlorine combining 
with the sodium, while acetic and carbonic acid arc set free. — 2. By fusing protoxide 
of lead with chlorate of potassium at a temperature short of redness. — 3. By digest- 
ing the red oxide in dilute nitric acid, which dissolves the protoxide, decanting off 

the nitrate of lead, and washing the remaining powder with boiling water. 4. By 

fusing the protoxide for a considerable time with hydrate of potassium, it then crystal- 
lises in black six-sided tables (Becquerel).— 5. According to Schonboin (J. pr. 
Chcm. Ixxv. 88), it is obtained, but always mixed with protoxide, when basic acetuto 
of load is shaken up with aqueous peroxide of hydrogen or ozonised oil of turpentine; 
if, however, the oil of turpentine is in excess, the peroxide is reduced to protoxido 
with separation of oxygen.— 6. When a solution of a lead-salt (nitrate or acetate) is 
electrolysed, metallic lead is deposited on the negative, and peroxide of lead on tho 
positive electrode. 

According to Becq uorel (Ann. Ch. Phys. [3] viii. 405), a hydrated peroxide of lead 
may be obtained electrolyticully. 

The poroxide is also said to occur native, as piatt nerite, at Lead hills in Scotland, 
in hexagonal prisms with replaced basic edges, pseudomorphous after pyromorphito. 
Cleavage indistinct. Lustre metallic adamantine. Colour iron-black. Streak brown. 
Opaque. 

Tho artificially prepared peroxide is a brown powder, which when heated gives off 
oxygon, and is converted into red lead or the protoxide. According to Suckow, if is 
also reduced to the red oxide by exposure to bright sunshine. When touched with 
the moist hands, it gives off an odour of chlorine or peroxide of hydrogen. With 
hydrochloric ewid, it yields chloride of lead and free chlorine ; nitrous acid converts it 
into nitrate of lead. In an atmosphere of pure sulphurous anhydride it becomes red- 
hot, and is converted into sulphate of lead, and therefore serves to separate sulphurous 
anhydride from other gases. With ammonia it forms water and nitrate of lead; and 
when triturated with one-sixth of its weight of sulphur, it takes fire, and burns with a 
bright flame, forming sulphide of lead (Vauquelin) ; the addition of phosphorus or 
of strong sulphuric acid causes a strong detonation (Grindel). Organic substances 
are rapidly oxidised by it ; when triturated with crystallised tartaric acid , it becomes 
red-hot, and eliminates carbonic anhydride and formic acid (Walker). With £th 
grape sugar , vivid ignition likewise takes place ; also with JnanniU, or with Jth of cane 
sugar. Racemic acid, and especially gallic acid, also bike fire in contact with it; a 
less violent action takes place with mucic and oxalic acids, carbonic anhydride being 
formed in the latter case (Bottger). The peroxide -likewise oxidises organic com- 
pounds in presence of water; thus it converts uric acid into allantoin and urea, 
forming at the same time oxalato of lead and Carbonic anhydride (Liebig and 
Wohler). Boiled with grape-sugar and water, -It' oxidises the sugar, producing 
formic acid and carbonate of lead. (Stur enburg.) 

According to Munck af Rosenschold, it is tho strongest of all negative electro- 
motors (ii. 421). 

Peroxide of lead does not unite reudily with acids ; compounds of this oxide with 
acetic, phosphoric, arsenic acid, &c., may however, be produced by treating red lead 
with the respective acids. (Seep. 653.) 

The prismatic crystals of acetate of peroxide of lead, or peroxyplumbie 
acetate, which separate from a solution of red lead in glacial acetic acid may be dried 
to a certain extent between bibulous paper, but if the paper be renewed to complete 
the diying, the crystals turn yellow, and arc resolved into acetic acid and the brown per- 
oxide; if still moist with acetic acid, they may be kept undecompoeed in closed vessels. 
They melt at ICO 0 , and at a somewhat higher temperature, decompose quickly and 
completely, leaving metallic lead, and emitting an odour of acetone and aoetic acid. 
When moistened with water, they are resolved into acetic acid and peroxide of lead ; 
the latter may be obtained pure by washing them with hot water. This reaction 
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affords an easy means of distinguishing between the solution of the crystals of peroxy- 
plumbic acetate in acetic acid, and that of the sesquioxide in the some acid, as the 
Latter yields, besides free peroxide and acetic acid, a certain quantity of neutral acetate 
of lead, which may be detected in the water. (J acq uelain, J. pr. Chem. liii. 161.) 

Absolution of peroxy plumbic phosphate is obtained by dissolving minium in 
moderately concentrated aqueous phosphoric acid, and precipitating the dissolved pro- 
toxide with dilute sulphuric agjd. The solution may be facilitated by mixing the 
phosphoric acid with sulphuric, nitric, or acetic acid. IVroxyplumbic phosphate is 
more stable than tho acetate, but on boiling the solution, oxygen is rapidly evolved, 
and protoxide of lead remains dissolved, without separation of peroxide. The same 
decomposition takes place slowly at common temperatures. Phosphoric acid uddod to 
a solution of peroxyplumbie acetate increases its stability, and prevents the separation 
of peroxide. — A corresponding arsenate may be obtained in like manner, but it is 
more prone to decomposition than the phosphate. — A concentrated solution of tartaric 
acid shaken up with minium takes up peroxide, and a clear solution tuny be decanted 
from the residue, but the dissolved peroxide is quickly decomposed, its oxygen oxidis- 
ing a portion of the tartaric acid, and a precipitate of ordinary tartrate of lead being 
formed. 

With bases, peroxide of lead unites more readily than with acids, behaving towards 
alkalis like a weak acid, and may therefore be called plumbic acid. 

Plumhate of potassium, K*0.Pb0*.3H*0 or K*Pl»0 , .3II‘ i 0, is obtained in small 
crystals by fusing the peroxide with excess of hydrate of potassium, and dissolving 
the product in a small quantity of water. The solution, evaporated in a vacuum, 
yields rhombohodrul crystals (Fr6my, J. Pliarm. | 3] iii. 32). It may also be pre- 
pared by boiling the peroxide in a silver dish with very strong potash-ley, till a sample 
dissolved in water yields a copious precipitate of the peroxide on addition of nitric 
acid. A little water is then poured upon the hot mass, and the resulting solution is 
decanted and left to cool; it then deposits plnmlmte of potassium in octahedrons 
(Regnault). The crystals are decomposed by a small quantity of water, yielding 
peroxide of lead, and a solution of that oxide in the excess of alkali, which, hpwevor, 
is decomposed by a larger quantity of water, the whole of the peroxide being precipi- 
tated as a brown powder. 

The solution of plumlmte of potassium forms with metallic salts precipitates of 
analogous composition. 

Plumhate of calcium is obtained by digesting nitrate of lead at 67° for five hours, 
with excess of lime and chloride of lime. A colourless insoluble oomj>ound is then 
formed, from which acids withdraw the lime, leaving pure peroxide of lead. (Crum, 
Ann. Ch. Pliarm. lv. 218.) 

ZiSAS, OXTBROMIDC OX*. PbWO - PhBH.PbO.— This compound is 
formed by igniting bromido of lend in contact with the air till it ceases to emit white 
furuos (Baiard); by heating bromocurbonato of lead (p, 640), till all the carl>onic 
anhydride is expelled (Ldwrg) ; or by immersing bromide of lead for some days in a 
solution of the acetate, and agitating from time to time. It is a yellow powder, which 
when heated to fusion, gives off dense white fumes, and solidifies on cooling to a 
yellowish-white, translucent, pearly mass. When decomposed at a high tem)M»mtiiro 
by chlorine, it yields 94-9 per cent, chloride of lead. 

LXAB, OXTCHLOR1DIS OP, Chloride -of lead unites in five different pro- 
portions with the protoxide, forming the following coiri}Kjiiiids : 

a. PVCFO^SPbCP.PbO. — Four parts of chloride of lead ignited with one part 
°f litharge yield a fused laminar jx?arl-groy mixture, which when t riturated with witter 
swells up to a bulky mass, having tho above composition. (Vauq u el i n.) 

h. Pb*CPO * PbCP.PbO. — This compound occurs native as matlockitc, in 
tlie old mine of Cromford, near Matlock in Derbyshire. It forms dimetric tabula* 
crystals exhibiting the combination, oP . ocPx; . P . 2P» . Anglo P : P in the ter- 
minal edges = 104° 6'; in the basal edges ™ 120° 62'. Cleavage basal, not perfect. 
Hardness = 2*6 to 3. Specific gravity ~ 7 21 —6 3917. Lustre adamantine, 
occasionally pearly. Colour clear yellowish, sometimes a little greenish. Transparent 
lf > translucent. (Greg, Phil. Mag. [4] ii. 120; Kammelsberg, Pogg. Ann. Ixxv. 
141.) 

3 he same compound is formed by igniting chloride of load in contact with the air, 
till it no longer fumes, or by fusing chloride and carbonate of lead b»g«ther. Carbonic 
anhydride is then set free, and a compound is formed which is deep yellow while 
fused, but on cooling assumes a lemon-yellow colour, and becomes nacreous and cry- 
stalline (Do be re i ner). It is also obtained as a hydrate, 2 Fb*Cl *0.11*0, when 
recently precipitated chloride of lead is digested in a cold solution of neutral acetate 
of lead; also when a solution of common salt is dropped into tho neutral acetate. The 
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precipitate when heated gives off its water and melts to a deep yellow mass, becoming 
nearly white on cooling. 

Pattinson prepares this oxychloride on the large scale, for use as a pigment, by the 
following process: — Finely pulverised galena is heated with strong hydrochloric acid, 
whereby chloride of lead is formed, and sulphydric acid evolved ; this gas in collected 
in large gasometers, and used for the preparation of sulphuric acid by combustion in 
the ordinary lead-chambers. The liquid is allowed to cool completely in contact with 
the undissolved residue; this residue, which consists chiefly of chloride of lead, is washed 
with cold water to remove the easily soluble chlorides of copper and iron, and then 
gradually introduced into a vessel containing boiling water, which dissolves the 
chloride of lead, leaving a smaller residue consisting of gauguo, chlorido of silver, and 
undecomposed galena. By melting this last residue with lime, a quantity of silver 
containing a little lead is obtained, even from ores in which the proportion of silver ia 
too small for profitable extraction, either by the ordinary process of calcination, or by 
Pattinson’s condensation process. The hot clear solution of chloride of lead obtained 
as above is mixed with very thin milk of lime, sufficient to neutralise only half the hy- 
drochloric acid present. A precipitate of oxychloride, Ppb 2 Cl 2 0, is then formed, which 
may be used advantageously as a pigment, in place of white lead, as it covers well when 
mixed with oil, and does not. turn yellow in the dark, or blacken from exposure to air 
containing sulphuretted hydrogen, more quickly than white lead. 

c. Pb*Cl 2 0 3 = PbCiVirbO. — This compound forms the rare mineral mendipi t e 
(also called berzdite and ccrasite) found on the Mendip Hills in Somersetshire, whore 
it occurs in yellowish-white, trimetric prisms exhibiting the faces, oP, ooP, oof J ao , 
ccpoo, and having the angle oop : ooP = 102° 36'. Cleavago very distinct, parallel 
to ooP ; less distinct diagonally. Hardness = 2*6 — 3. Specific gravity 7 to 7*1. 
The crystals arc translucent, and have an adamantine lustre on the cleavage-faces. It 
occurs in a state of greater purity at Brilon, near Stadtborgen in Wostphalia; tho 
crystals there found are white, translucent, and have a mothor-of-poarl lustre on 
the cleavage-faces. It is also found iu opaque prismatic crystals at Tarnowitz in 
•Silesia. 

d. Pb 4 Cl 5 O s «= PbCl 2 .3PbO.- — This compound is obtained in the anhydrous state by 
fusing 1 at. chloride of lead with 3 at. of tho protoxide; also as a hydrate, Pb 4 CPU*. 
H'O, by decomposing chloride of lead with ammonia; by precipitating basic acetate 
of load with common salt; and by decomposing a solution of common salt with 
protoxide of lead. Tho hydrate is a white flocculent mass, and when ignited leaves 
the anhydrous compound, which is a grecnish-yollow laminated mass, yielding a yellow 
powder, known as Turner's yellow. It is prepared as a pigmont, by mixing litharge 
with ^ to i of its weight of common salt, and pouring water on the mixture; it then 
becomes hot, swells up, yields a solution of caustic soda containing a very small 
quantity of lend, and a residue of basic chloride, which is washed and ignited at a 
moderate heat. The hydratod compound was formerly used as a white pigment iu 
pluco of white load, being know n as Pattinson' s monobasic chloride ; but it has not so 
much body as white load. 

e. Pb H CFO a *»PbCl a .5PbO. — Obtained by fusing chloride of lead with 6 at. of tho 
protoxide. Orange-yellow substanco, yielding a deep yellow powder. 

f. Pb*Cl*0 7 “PbCl*.7PbO. — Produced by fusing a mixture of 10 pts. of pure oxide 
of load and 1 pt, of pure sal-ammoniac, a portion of the lead being at tho samo time 
roducod. Tho fused product affords Cubic crystals on cooling slowly. It forms in that 
state a beautiful yellow pigment, known as Cassel yellpw. 

LEAD, OXTCTANIDE OF. See ii. 253. - 

LEAD, OXTTLUORZDE OF. Soo p. 547. V, 

LEAD, OXTOBN-SALTS OF. Protoxide of lead is a strong baso, uniting 
readily with acids, and forming salts, the general characters of which have been already 
described (p. 540). Those which are soluble have a sweetish taste and are poisonous. 
They rosemble the salts of barium and strontium in being readily precipitated by sul- 
phuric acid, and many of them are isomorphous with the corresponding salts of those 
metals. I-iead has a very great tendency to form basic salts, which may be regarded 
either as compounds of tho normal salts with oxide or hydrate of lead, or as salts 
derived from two or more molecules of water, in which less than half the hydrogen is 
replaced by an acid radicle: thus, there is a basic nitrate of lead containing 
NO* 

Pb(NO a )VPbH*0* or p^ O 3 , and a tribasic acetate containing Pb(C*H*0*)*.PbO or 
H 


(0*HK))S 

1>V 


0 *. 


iodides, &c. 


Those basic oxygen-salts are analogous to tho oxychlorides, oxy* 
(For descriptions of the individual salts, see the several Acids.) 
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The sesquioxide and peroxide of lead also unite with acids, hut the salts thence 
resulting are not very stable. They are produced by the action of certain acids on the 
rod oxide of lead (p. 553). 

UUkl>f OZTZODBi Or. Five of these compounds have boon described : 

a. Pb*I*0 = PbP.PbO, is obtained, according to Bran dot* aud Kuhno (Pharm. 
Centralbl. 1847, p. 693), by precipitating acetate of lead with iodide of potassium. 
Penot (J. Pharm. xx. 1) uses a solution of tho neutral acetate mixed with a small 
quantity of basic acetate, and dissolves out the iodide of load contained in the preci- 
pitatc with water. The same compound is said to be formed when iodide of lead is 
digested for some time in a solution of the neutral acetate. Acetic acid is said to 
dissolve out tho oxido of lend from this compound, leaving the iodide. By immersion 
in solution of iodide of potassium it is converted into iodide of load. It. contains 1 at. 
water, which is given off at 100° (Kuhno), at ‘200° (l)onot). Jt. melts with partial 
decomposition at. 300°, and solidifies to a clear yellow glass on cooling. 

b. Pb*l*0.If 7 0 = PbP.2PbO.HH>, is obtained, according to Kuhue, l>y digesting 
levigated oxido of lead with a boiling solution of iodide of potassium as long as it con- 
tinues to increase in weight, By procipitating basic acetale of lead with iodide of 
potassium, Kuhno obtained nothing but the compound a, whereas Penot, states that 
compounds containing 2 at. and 5 at. oxido of lend to 1 at. iodide are obtained by pre- 
cipitating iodido of potassium with dibasic or pontabasic. acetate of lead. 

c. PbP.3PbO.2HH). — Obtained by treating a boiling solution of iodido of lead with 
caustic ammonia. (K it h n o.) 

d. PbIV2PbO.Pb*0* (?). — This is a wine-red compound, obtained by triturating 
recently precipitated hydrate of lead with a fourth of its weight of iodine, and boiling 
with water as long as fumes of iodine are given off*. (J amines.) 

e. PbP.SPbO. — Komains in tho form of a yellow powder when the compound d is 
dried and heated. (Ilandw. d. Chom. 2‘* AuH. ii. [2], 60.) 

LEAD, PHOSPHIDE OF. a. When phosphorus is thrown upon melted loud, 
or when Usad-filings aro ignited with an equal weight of glacial phosphoric acid, or 
chloride of load with phosphorus, a compound is formed containing not more than 
16 percent, of phosphorus: it has tho colour of load; may be cut with a knife, but 
splits into lamina* when hammered ; tarnishes quickly when exposed to the air; and, 
when heated before the blowpipe, yields a phosphorus-flame and a globule of leaf! 
(Pclloticr, Ann. Ch. Phys. |2), xiii. 111 ).— 6. PhoHplmretted hydrogen gas passed 
for tw T o hours through a solution of neutral acetate of lead, yields a brown precipitate, 
which burns before tho blowpipe with a small phosphorus-flame, forming beautifully 
crystallised lead-phosphate. (If. Hose, P»>gg. Ann. xxiv. 326.) 

LEAD, BELEHIDE OF* Very small quantities of selenium combined with 
load render it harder and less fusible. 

Tho jrrotosclcnidc, PbKo, is formed when lead and selenium aro heated togothor, 
combination then taking place attended with incandescence, and a grey porous niasa 
being formed, which becomes silver-white by polishing. When ignited in an open 
vessel, it first gives off selenium, then a small quantity of selenido of lend in white 
fumes, leaving a residue of basic selenite of lead. Cold nitric acid dissolves the lead, 
leaving rod selenium, which, on heating the liquid, dissolves in the form of sedenious 
acid. (Berzelius.) 

Selenido of lead also occurs native, as clausthalite, sometimes pure, sometimes 
having part of the lead replaced by other metals, as cobalt, copper, mercury, and silver. 
It is found in fine-gTainod masses, sometimes foliated, with cubic cleavage. Hardness 
-* 2 6 to 3. Specific gravity « 7 to 88. Lustre metallic. Colour lead-grey, some* 
times bluish; cupreous varieties yellowish. Streak, darker. Opaque. Fracture gra- 
nular and shining. Bather sectile. Before the blowpipe it emits the odour of horse- 
radish and exhibits various other reactions characteristic of selenium {</. V .). Heated 
in a tube it yields a sublimate of selenium. 

The following are analyses of clausthalite mid its varieties: — a , II. Rose (Pogg. 
Ann. ii. 416; ill. 28J); A, Stronioyer (ibid. ii. 403); r, Heleuide of lead und silver 
(Ram m els berg. Mineral* fumie, y. 34); d. Sejenidc of lead and cobalt; r, /, Sejo- 
nides of lend ana copper (H. Rose. Pogg. Ann. iii. 288) ; y t h t The same (Karst on, 
ibid. xlvi. 265) : 



Tllkrrode. 

Clansthnl. 

Tilkerodp. 

Titkerode. 

fOasharh. 


n. 

b. 

r. 

ft 

r . 

/ 

K 

h. 

Selenium . 

. 27 59 

28 11 

26-52 

3M2 

34-98 

30 26 

3209 

29 '97 

Iioad 

. 7181 

70-98 

60 16 

63*92 

48-43 

60-28 

67*48 

05*16 

Silver . . 

Cobalt . . 

. . . 

083 

11 07 

3*H 

1-32 


005 

008 

Copper 


. . 

. . 


15 77 

794 

K-68 

409 

Iron . . 

99 40 

99-92 


0-45 

98 9 3 

10060 

0-78 

99 26 

98*20 

99*30 
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The varieties e,f, g, h , which contain copper, are by some mineralogists regarded as 
distinct species ; but it is perhaps better to regard them as varieties of chmsthalite, in 
which part of the lead is replaced by copper; e and / arc called raphanosmite by 
Kobell ; d is called TUkerodite by Haidinger ; d, e, and /are called Zorgite by Brooke 

and Miller ; e and h agree noarly with tho formula |s© ; / and g with*f^|se. 

Clausthalite and its varieties occur at Harzgorocle, in tho Hartz, and at Clausthal, 
Tilkerode, Zorge, Glasbach, near Hildburghausen, and Lehrbach; also at Iiamsberg 
and Freiberg in Saxony. 

Ijehrbachite , which is a selcnido of lead and mercury, and is described as having the 
structure and colour of clausthalite, is, perhaps, a mechanical mixture of that mineral 
with selenide of mercury. It emits the odour of selenium before the blowpipe, and 
gives mercury with soda. H. Rose found in one specimen 24*97 per cent, selenium, 
65*84 lead, and 16*94 mercury ( = 97*75); in another, 27*98 selonium, 27*33 lead, and 
44*69 mercury ( = 100). 

XtBAD, SULPHIDES OF. There are four compounds of lead and sulphur, 
namely, the protosulpliide, two subsulphides, and a persulphide ; but the protosulphide 
is the only one whoso constitution is accurately known. 

Tetartosulpltide. Pb 4 S? — A finely dividod mixture of 100 pts. of galena and 84 
of lead heated for a quarter of an hour in a well-closod charcoal -lined crucible, placed 
in a wind-furnace with a strong draught, yields 144 pts. of a dull, load-coloured, 
fine-grained, semi-mall eablo, soft mixture, exhibiting a dark-grey colour on the cut 
surfaco. When oxidised by nitric acid, it yields 30 per cent, of lead-sulphato, and 
must therefore contain 3*96 por cent, of sulphur. (B red berg, Pogg. Ann. xvii. 274.) 

Hemlsulphide. Pb*S. — 1. By the same nrocoss as for tho preceding compound — 
excepting that tho mixture is fused in an earthen instead of a charcoal -lined crucible, 
and covered with borax — 150 pts. of a moro brittle mixture are obtained, having a 
dark leaden-groy colour, a finely laminar fracture, and containing 7*207 por cent, of 
sulphur (Brcdborg).— 2. Sulphate of lead ignited in a charcoal- lined crucible gives 
off sulphurous anhydride and leaves hemisulphide of load, which at a higher tempera- 
ture, partly volatilises and is partly decomposed, leaving a residue of metallic lead. 
(Berth i or, Ann. Ch. Rhys. [2J xxii. 210.) 

FrotoftulpMde. PbS. — This compound is found native as galena (J>hm lead, 
galine, Illnglanz), the most abundant and important ore of lead. It. occurs fre- 
quently in very fino crystals belonging to the monometric system, with cubic 
cleavage, perfect, and easily obtained. The ordinary forms are the octahedron, cube, 
and rhombic dodecahedron, occurring alone or in combination with other forms, 20 for 
example, Hulmrdinate ; twins like fig. 320 (ii. 160), and others in which the intersec- 
ting cubes ure of different sizes, or in which the diagonals do not exactly coincide ; 
also pseudom orphs after pyromorpl life. The crystals are frequently imbedded, or united in 
granular aggregations. The mineral likewise occurs in tabular* reiiiform or hot ryoi'dal 
masses, coarse or fine granular, sometimes impalpable, occasionally fibrous. Hardness 
** 2*5. Specific gravity *» 7*25 to 7*7. Lustre metallic. Colour and streak pure 
lead-grey; surface of crystals occasionally tarnished. Fracture scarcely perceptible 
in the crystals, on account of the perfect, cleavage; in the massive varieties, fiat sul>- 
conehoidal, or unovon. Before the blowpipe, it decrepitates strongly, inclts and yields 
a globule of lead sis soon as tho sulphur is volatilised. 

For analyses of galena, see p. 480. 

Galena is found abundantly in England and in many puffs of Europe; in the Haouria 
Mountains, Siberia; iii Algeria ; near the Cape of Good Hope ; in Australia ; and in 
many parts of North America. It occurs in beds nndsjMuns, both in crystalline and 
uncrystalline rocks, often associated with blende, iron and copper pyrites, carbonate 
of lead and other lead ores, and in a ganguo of heavy spar, calcspar or quartz. It 
often suffers decomposition, and gives rise to the formation of other plumbiferous 
minerals. 

Breithaupt’s antimonial galena from Freiburg in the Breisgrau. with specific 
gravity ® 6*9 to 7*0, is perhaps the same as steinvnannite from Preibram in Bo- 
hemia. Whether the tetragonal galena of the same mineralogist, also containing 
antimony, is a dimetric variety of galena, is not exactly known. 

Protosulnhido of lead is produced artificially: — 1. When sulphur is mixed with 
melted lean, the whole becoming rod-liot. Strips of lead even of moderate thickness, 
t-ftke fire in sulphur- vapour, and burn with vivid ‘glow, depositing half- fused globules 
of the protosiilnhido. — 2. By heat ing the protoxide with excess of sulphur. — 3. By the 
action of sulpiiydrie acid or an alkaline sulphide on tho oxide or salts of lead. — 

4 . Becquerel, by immersing cinnnhar in a solution of chloride of magnesium contained in a 
fcl&K tube, dipping a lead plate to the bottom, and leaving the tube well closed for six 
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weeks, obtained grey, metallic-sliming, regular tetahedronB of tho protosulphide, which 
formed on the sides of the tube. 

Sulphide of lead obtained by fusing its elements together is of a l end -grey colour, 
with granular fracture ; that which is precipitated by sulphydrie acid iH a brown-black 
powder, and, according to Kars ten, lias a density of 7/50A2 after fusion. Sulphide of 
lead melts at a strong rod heat, volatilises at a stronger heat, and sublimes undecom- 
posed if kept from, contact with the air. 

Decomposition. — 1. Sulphide of lead, when gently ignited in the nir, gives off the 
greater part of its sulphur in the form of sulphurous anhydride, while metallic lead 
(amounting to about half the total quantity) and sulphate of lead remain behind 
(Descot ils, Ann. Ch. Phys. [2] lv. 441). — 2. The protosulphide and protoxide of 
lead decompose one another when heated together, ovolving sulphurous anhydride and 
leaving metallic lead : 

PbS + 2PbO - Pb* + SO*. 

— 3. The protosulphide heated in vapour of water gives off sulphydrie acid and yields 
metallic lead. The first products formed are sulphydrie acid and t he protoxide, which 
then reacts on the remaining sulphide in the manner just described. 4. When snlphido 
of lead is fused with alkaline carbonates, half t he lead is separated in the metallic state, 
and on addition of metallic iron, the whole. 

Protosulphide of lead is insoluble in dilute acids, in caustic alkali*, and alkali v* 
sulphides. When boiled with dilute nitric acid it gradually dissolves as nitrate, with 
evolution of nitric oxide, and separation of sulphur. Thu finely divided sulphides 
treated with fuming nitric acid is completely converted into sulphate of lead; but if any 
portion of the sulphur remains unoxidised, a corresponding quantity of the load is con- 
verted into nitrate. Py strong hydrochloric acid it is converted into chloride of lead 
with evolution of sulphydrie acid. Nitro-hydrochforic acid, converts it into cldorido 
and sulphate of lead. Chlorine decomposes it slowly, forming chlorido of lead and 
chloride of sulphur. 

Peraulpbide. A solution of a lead-salt mixed with pentnsulphido of potassium 
yields a precipitate, which has at first a fine blood-red colour, but quickly loses this 
colour, even while immersed in the liquid, and is resolved into the pmfositlphide and 
free sulphur. Higher sulphides of lend are also said to be formed by the action of 
sulphydrie acid on the sesquioxide and peroxide of lead ; but their composition has not 
been made out. 

I*I12L2>, S1TLPHOCARBONATE OF. See S i n.moCA KiiON ATES. 

LEAD, 8VXPHOCHLOSZDE OF. If a lead-salt., r.y. aqueous chloride of 
lead, be precipitated by a mixture of aqueous sulphydrie and hydrochloric acids, there 
is produced, first a yellowish-red, and then a red precipitate containing about 6(5 per 
cent. (3 at.) of lcad-sulphido, and agrooing very nearly with tho formula, PbCl a .3Pbf4. 
An excess of sulphydrie acid turns it bluck and converts it into pure sulphide of load; 
the same change is produced by boiling with water, which extracts t lie chloride; tho 
eomixjund is also blackened by potash, which extracts the chlorine (Hiinefeld, ,1. pr. 
('hem. vii. 27) — When sulphydrie acid gas is passed through a solution of $ pt. lead- 
acetate in 100 pts. of water mixed with 10 pis. of hydrochloric arid of specific gravity 
1108, a beautiful carmine- coloured precipitate of sulphochloride of lead is produced. 
If the solution contains 1 pt. of lead-acetate, 112 pts. of wafer, and 14 of strong hy- 
drochloric acid, sulphydrie acid produces a yellow precipitate, which gives up chloride 
of lead to boiling water, while black protosulphide of lead remains behind, if, instead 
of 11 pts. of strong hydrochloric acid, wo use 14 pts. of a mixture of 2 pts. of strong 
hydrochloric and 1 pt, nitric acid, prepared t wo days before und eontainingpsrnit ric oxide, 
the sulphydrie acid produces, after a while, first a yellowish -red and then a cinnabar- 
red, granular precipitate. If the stream of sulphydrie acid gas wen* continued for a 
longer time, the precipitate w r ould become first carmine-coloured, then brown, and 
lastly black. The red granular precipitate, when boiled with water, gives up 
a considerable quantity of chloride of lead, and is converted into a brown-red, floc- 
culent powder, which then undergoes no further change, but when heated alone in a 
gloss tube, gives off sulphur and sulphydrie acid, and fuses to a brown mass. 
According to this reaction, the pern it ric oxide must have precipitated sulphur from (ho 
sulphydrie acid, and the red precipitate is a compound of the chloride with a poly- 
sulphide of lead. (Koinsch, J. pr. Chcm. xiii. 130.) 

LEAD, 8DLVHOOTAVATE OF. See Sci.nrocYANATTB. 

LEAD, WHITE. Hydrated carbonate of lead ufced as a pigment (ii. 78(1). Thu 
native anhydrous carbonate is also called white lead ore. 

LE MMILAyCg. Syn. with galena (see p. 668). 



66V LUIAV^LASS-LEAD-KADICLES, ORGANIC 

LEAD-GLASS. Vitrum plumbi.—A term formerly Applied to perfective , 
oxide of lead. Oxide of lead is used as an ingredient in various kinds of glass; ^ 
dint-glass, crystal-glass, s trass, &o. (n. 841). 

XEA2J-0ZAZE. Thoghze of the more common kinds of earthenware consists of 

an easily fusible silicate of lead, prepared from a mixture of finely pound red lead, 

litharge, white lead, or galena, with clay or sand. It melts more easily in proportion 
as it is richer in lead, but when the proportion of lead is very large, the glazo is decom- 
posed by dilute acids, which dissolve pur t of tile oxide of lead. 

SO* J 

KB^JDHIlilXTS. Sulphuto-tricnrbonate of lead, PbS0 4 .3PbC0* =» (CO)*. 0 8 . 

Pb 4 j 

— A crystallised mineral occurring, together with other ores of lead, at Leudhills in 
Scotland ; said also to be found in Grenada, in the island of Serpho, Grecian Archi- 
pelago, and in the Nowberg district, South Carolina. The crystals aro trimetric, 
exhibiting the planes cofeo (greatly predominant), coPao, ooP,* I too , | P ; $ Poo I 
£ P and others. Anglo ooP : ooP = 103° 16'. Ratio of principal axis, braehy- 
diagonal and macrodiagunal = 17205 : 1 : 1*2632. The crystals are homihedrnl 
in ooP and some other pianos ; hence they are monoclinic in aspect., or rhombohcdral 
when in compound crystals. Cleavage very perfect parallel, to ooPoo ; in traces parallel 
to ooPoo . Twins consisting of three crystals, with face of composition Poo ; also paral- 
lel to ooP. Hardness — 2*5. Specific gravity =. 6*2 — 6 5. Lustre of coPoo pearly, of 
the other faces resinous, somewhat adamantine. Colour white, passing into yellow, 
green, and grey. Streak uncoloured. Transparent to translucent. ConchoiYlal frac- 
ture scarcely observable. Rather seetile. Before the blowpipe, it intumesces at HrsU 
then turns yellow, but becomes white on cooling; easily reduced on charcoal. It 
effervesces briskly in nitric acid, and leaves a white residue of lead-sulphate. 

Berzelius found in the mineral 28*7 per cent, sulphate, and 710 oarl>onate of lead 
(=, 99*7); Strom oyer found 28*3 sulphate, and 72 7 carbonate (= 100); the formula 
requires 27*44 sulphate and 72*56 carbonate. (Dana, ii. 371.) 

LEAD-MATT. Matte dcplomhe. Mastiin. — This term is applied to the mix- 
tures of sulphide of loud with other metallic sulphides, chielly sulphide of iron, obtained 
in the motallurgic treatment of lead-ores (p. 492). 

LEAD-OCHRE. Native protoxide of lead (p. 550). 

LEAD-PLABTER* A mixture of the lead-soaps of fatty acids, used in medi- 
cine as an external application. It is prepared by heating 9 pts. of olive-oil 
(sometimes also lard or rape-oil) nearly to its boiling- point., then adding l>y degrees 
5 pts. of powdered litharge, incorporating thorough iy with a spatula, adding from 
time to time small portions of warm water, and continuing the heating and incor- 
poration till a few drops of the mixture harden when thrown into water, and form a 
glutinous mass between the fingers. Sometimes a mixture of litharge and white lead 
is used instead of litharge alone.-— Well-prepared lead-plaster forms a whitish-yellow 
homogeneous mass, somewhat flexible and tenacious in summer, brittle in winter. When 
gently heated, it melts to a thick liquid, which, at higher temperatures, turns brown, 
and finally black, giving off irritating vapours. 

LEAD-RADICLES, OKOA.STZC. Those compounds, the series of which is at 
present far from eomplote, are obtained by tho action of the iodides of the alcohol- 
radicles on lead or its alloys with potassium or sodium, or of zinc-ethyl on chloride of 
lend. The formation of ethyl-compounds by tho JJrst of these processes was first 
observed in 1853 by Ldwig (J. pr. Clicm. Ix. 304 ;>Ann. Ch. Pharm lxxxviii. 318), 
soon afterwards by Ca hours and Riche. ( Compt. 'rend, xxxvi. 1002.) 

Tho iodide of the radicle Pb*(C*H*) 8 was discovered by Lowig, who designated the 
radicle methplumbethyl, and studied several of its compounds, but did not obtain 
it in the free state. It has since been isolated (1860) by Klippel (J. pr. Chem. 
lxxxi. 287), who has likewise obtained the corresponding amyl -com pound. — The 
compound Ph(C a H s )* was discovered in 1858 by Buckton (Phil. Mag. [4] xviii. 

212, xvii. 282; Ann. Ch. Pharm. cix. 218, cxii. 220); and the corresponding 
methyl-compound by Cahours in 1861 (Ann. Ch. Phvs. [3] Ixii. 257; Ann. Ch. 
Pharm. exxii. 48), who likewise obtained by its decomposition, the compound 
Pb*(CH*)*. 

A myl-componnds . 

Plumbotrtamyl. Methplumhamyi. Fb*(C 4 H n ) < = Pb’Am*. — Prepared (like the 
corresponding ethyl-compound) by distilling an alloy of lead and sodium with iodide 
of umyl, shaking up the distillate with ether, distilling off the ether after addition of 
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jj tt l e alcohol, and treating the residue with a large quantity of water. Plumbotri- 

v l then separates as a yellowish, oily, non-volntilo liquid, inodorous in the cold, 
smelling like plumbotriethyl when warm : its vapour exerts an irritating action on the 
mucous membranes. When set on Are it bunts, with separation of load-oxide. With 
fuming nitric acid it detonates, with emission of light and heat. 

The chloride, PbAm*Ci, is obtained by treating the oxide {infra) with hydrochloric 

acid. It crystallises in white needles. . 

The iodide, PbAm*I, is obtained in white needles by adding iodine to the ethereal 
solution of plumbotrmmyl, till the colour becomes permanent, and evaporating the 
filtrite It is more stable than the corresponding ethyl-compound, melting at 100° 
without decomposition, and solidifying in the crystalline form on cooling, inso- 

luble in water. It unites with mercuric iodide, terming the double salt 1 bAm I.Hgl 1 , 
yrhich crystallises in golden-yellow laminin, insoluble in water, sparingly soluble m 

— ilv^Sbiting the alcoholic solution of the iodide with recently precipitated 
oxide of* silver, evaporating the filtrate, and treating the residue with water, oxide of 
idumbotriamyl separates as a faintly yellow viscid mass, insoluble in wator, soluble in 
alcohol and ether; the alcoholic solution has a faint alkaline reaction, and precipitates 
ferric salts, but not copper or silver salts, , . , , . . . 

The sulphate, obtained by heating the oxide with dilute sulphuric acid, is a viscid 

uncrystallisable mass. (Klippel.) 

Ethyl- compound s. 

PlumhotriotHyl. rb’(C*lP)* - Pb»E*. Lbwig’s McthjJumbcthyl.~l*ov\R t by 
acting on an alloy of 6 pts. lead and 1 pt. sodium with iodide of ethyl, obtained n 
mixture of several load-compounds of ethyl, which he was notable b> sepumto. Iho 
mixture was perfectly colourless, tolerably mobile, volatile, and had a powerful odour , 
did not fume in the air, but when set on fire burnt and gave off dons** clouds of oxide 
of lead. It took fire when strong nitric acid was poured upon it, and exploded with 
great violence in contact with iodine irr bromine. It was insoluble in water but dis- 
solved readily in alcohol or other ; and tlie solutions, whon exposed to the air, deposited 
an amorphous powder, insoluble in water, alcohol and other, but capable of forming 
crvstallisable sails with acids, while in solution there remained a strongly alkaline 
base, the oxide of plumbotriethyl, the radicle of which appeared to eonsUtutO the 
rreaUsr part of the produet. This radicle, however, Low ig did not succeed m isoiati g. 

Klippel prepares an alloy of lead and sodium, having nearly the composition 
Pb 2 JSa*\ by meltmg 3 pts, of load in a hessian crucible, uud after removing it from the 
tire adding 1 pt. sodium in small pieces still moistened with rock-oil, ami stirring 
with an iron rod. Combination then takes place-, attended with evolution of heat and 
inflammation of the rock-oil (the gases evolved by which protect the alloy from oxida- 
tion). When the action is completed, the crucible is filled with warn wild and ltit to 
cool slowly ; the crystalline alloy is pulverised in a warm mortar, with addition of a 
small quantity of dry sand, then introduced into a number of small flasks and drenc n d 
with iodide of ethyl, and the flasks are immediately connected with a 
to prevent loss of iodide of ethyl, which distils over m consequence of the heat ctohed 
by the violent action which immediately takes place. The iodide of <th>l in b\\owoA 
to flow back into the flasks as long as any action goes on, i w»d when it « 
the excess of iodide of ethyl is distilled off over t he water-bath the r > >^ 

poured out of the flasks into a dry glass cylinder and ^ 

dissolves the plumbotriethyl ; and the ether is «Ju»ti. He* I off a f er wi Ultiion oT a 
water: the plumbotriethyl then separates as an oil at flic both m of In watc . 

Plumbotriethyl is a yellowish mobile oil, of specific gravity 1 471 ut 0 , insoluble in 
llumDorminy is a ye j volat lists undecom loosed an small 

water , easily soluble in aiconoi unu nn r * nf liirlit or 

ouantitv with ether-vapour, but cannot lx- distilled alone. By the action of lghl, or 
quantity witn raner vapour, u with nopai-mion of metallic l«id 

& CpeT ".e Jir in H U-:.l solution, i. in ronvrH.,1 

(Lftwig), carbonate (I^ipprl). Chh,rim-in,t,r it, with ..pumti.m of 

chloride of lew! <»;«£> Pl)K .j, r , U obtained by addin* an alcoholic 

aolutionof bromide of potaenium'to a solution of tho aulphate in nlcobol conUuning 

r sx: s istut 

the ethereal solution by water, and having it t« evaporate (Low ig), by neutralising 
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the oxide or carbonate with hydrochloric acid (Klippel) ; or by the action of hydro- 
chloric acid gas on plurabotetrethyL (Buck ton, p. 563). It crystallises in beautiful 
long needles, haring a high lustre, and giving elf a strong odour of oil of mustard 
when gently heated. When heated in a glass tube, they detonate slightly, even at a 
moderate heat, yielding chloride of lead and metallic lead. (Lowig.) 

The chloromer curate, PbE*Cl.HgCl*, separates from a hot alcoholic solution of 
the component salts in white nacreous scales; the * chloroplalinate, 2PbE s Cl.PtCl 4 , 
in copper-red crystals, sparingly soluble in water, more easily in alcohol and ether. 
(Klippel.) 

The cyanide , C 7 II ,5 NPb = PbE’Cy, is obtained by heating cyanide of potassium 
with an alcoholic solution of chloride of plumbotriethyl, for a considerable timo, in a 
sealed tube placed in a water-bath, mixing the resulting blood-red liquid with water, 
and recrystallising the resulting white precipitate from ethor. It then separates ii^ 
prismatic crystals, which, when heated in a tube, molt and decompose, with deflagration, 
separation of metallic lead, and evolution of inflammable vapours. (Klippel.) 

The iodide, PbE 3 I, formod by the action of iodine on plumbotriethyl (Klippel), 
or by the reaction of iodide of potassium and sulphate of plumbotriethyl (Lb wig), is 
soluble in ether and very unstable, the ethoreal solution quickly yielding a deposit of 
iodido of lead. — If tho compound, while yet undecomposed, be distilled with water, iodide 
of load separates immediately, and tho water which passes over is accompanied by a 
colourless, mobile, very pungent liquid, no longer prone to spontaneous decomposition, 
and having nearly the composition (PbE 3 ) 4 I*. (Lb wig.) 

Oxide of plumbotriethyl is obtained in the hydrated state by adding a solution 
of nitrate of silver mixed with alcohol to the alcoholic solution of the mixed radicles 
ns long as metallic silver is precipitated ; filtering from the silver ; agitating the result- 
ing solution of nitrato of plumbotriethyl with alcoholic potash and afterwards with ether ; 
adding a sufficient quantity of water to separate the ethereal solution of tho oxide; and 
evaporating the ether in a retort. Hydrated oxide of plumbotriethyl then remains in 
the form of a thick oily liquid, which solidifies after a while in a crystalline mass, 
slippery to the touch, like hydrate of*potassium (Lb wig). It may also be prepared by 
gradually adding iodine to the ethereal solution of plumbotriethyl till the colour no 
longer disappears, and immediately agitating the liquid with moist oxide of silver. An 
alkaline solution is thus obtained which, on addition of water and removal of tho 
alcohol and ether by distillation, deposits hydrate? of plumbotriethyl as a nearly colourless 
thiekish oil (Klippel). It is volatile, and forms white fumes when a rod moistened 
with hydrochloric acid is held over it. When heated, it gives off white vapours, which 
excite powerful sneezing —a property which also belongs to the radicle itself and many 
of its compounds. The hydrate dissolves sparingly in water, readily in alcohol and in 
other; has a strong alkaline reaction, and a sharp, disagreeable, caustic taste (Lowig, 
Klippel); saponifies fats; precipitates the oxides of iron, copper and silver from their 
salts; also alumina and oxide of zinc, l>oth of which it rcdissolves when added in 
excess. (Klippel.) 

Oxygon-milts. The oxide unites readily with acids, forming crystallisable salts. 

The acetate, benzoate, and butyrate form needle-shaped crystals, soluble in water, 
alcohol, and ether. 

Carbonate , Pb 2 E tf (J0 3 . — Tho hydrated oxide rapidly absorbs carbonic acid from 
tlie air, and by leaving tho alcoholic solution to evaporate in tho air, the carbonate is 
obtained in small hard crystals (Lb wig) ; or it may he prepared by passing carbonic 
anhydride into tho solution, and separated by addition of carlxmato of ammonia, care 
being taken howovor to avoid an excess of the latter, which would give rise to the forma- 
tion of an easily soluble double salt. Carbonate of plum£otriothyl has a strong burning 
taste, is nearly insoluble in water, a^Miringly soluble i if alcohol and ether. Alcohol 
containing hydrochloric acid dissolves it with effervescence. (Lowig.) 

Formate of plumbotriethyl resembles the acetate. 

Tho nitrate , PbE 3 NO s , is obtained by decomposing tho alcoholic solution of tho 
mixed plumhet.hyls (Lowig, p. 561), or the ethoreal solution of pure plumbotriethyl 
(Klippel) with nitrato of silver. It remains on evaporation as a colourless, viscid 
liquid, which smells like butter, has a burning taste, and solidifies after a while to a 
crystallino unctuous mass. It is decomposed by heat, with slight detonation. It 
dissolves readily in alcohol and ether; the alcoholic solution when evaporated, deposits 
a small quantity of nitrate of lead. (Lowig.) 

Tho neutral oxalate forms scaly laminar crystals, which when driod over oil of vitriol, 
contain C*(PbE J )*0«.lH<). (Klippel.) 

A phosphate (PbE*)H 2 I > 0\ is obtained, by saturating the oxide or carbonate with 
phosphoric acid, in stellate groups of crystals which dissolve readily in water, alcohol, 
and ether, and are oxidised with vivid deflagration, when treated in the dry state with 
fuming nit ric acid. (Klippel.) 
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Sulphate. (PhE*)*S0 4 ,— When sulphuric acid is added by drops to an alcoholic 
solution of the oxide, leaving the base in excess, a dazzling white crystalline precipi- 
tate of the sulphate is obtained, which must bo washed with alcohol and afterwaftls 
with ether. The salt is nearly insoluble in water, absolute alcohol, and other, hut dis- 
solves readily in alcohol mixed with sulphuric or hydrochloric acid. From the acid 
solution it crystallises in tolerably large, hard, shining octahedral crystals (Ldwig). 
Klip pol» by dissolving tho carbonate in alcoholic sulphuric acid, obtained the 
sulphate in crystals like thoso of quartz. B u ck to n, by docomposiug the chloride with 
sulphuric acid or sulphate of silver, obtained it in asbostiform needles. 

Tho acid tartrate , C 4 H i (PbK 3 )0 < * (at 100°), forms scaly laminar crystals. 

Sulphide of plumbotriethyl is obtained by treating a solution of tho oxide or 
a wilt of plumbotriethyl, with suiphydric acid or sulphide of ammonium, as a white 
phripitato, which is lioarly insolublo in water, alcohol, and other, and blackens quickly 
#i tii separation of sulphide of lead. (Klippel.) 

The sulphocyanate is formed by boating an alcoholic solution of the chloride with 
recently precipitated sulphocyanate of silver to 100° in a sealed tube. It dissolves ill 
water, alcohol, and ether, and crystallises from tho etheroal solution in tho same form 
as sulphocyanate of potassium. (Klippel.) 

rinmtootetrettijrl. Pb*C B H* # "»Pb(C*II i ) l or PbE 4 . Duthylide of lead. Plumbo- 
diethylidc (Buckton). — Produced by tho action of zinc-ethyl on chloride of lead : 

2ZnE 2 + 2PbCl* - 2ZnCP + PbE* + Pb. 

When dry chloride of load is addod to zinc-ethyl, decomposition takes placo imme- 
diately, attended with separation of metallic load, and slight rise of temperature; ami 
on adding an oxcess of the lead-chloride, and warming gently for a few minutes, a 
clear liquid may be decanted, apparently consisting of several load -radicles combined 
with zinc-ethyl, which cannot bo completely removed by digestion with excess of load- 
chloride, but may be expollod for the most part, by distillation. Tho liquid remaining 
in tho retort at 140°- 160° yields, when treated with water and hydrochloric acid, 
heavy colourless drops of a liquid, the greater part of which, consisting of pi umbo- 
tot rothyl, distils over between 198° and 202°; but the compound is most easily obtained 
in the pure state by distillation in a rarefied atmosphere. (Buckton.) 

Plumbotetrothyl is a transparent colourless liquid of specific gravity P62. Under 
tho ordinary pressure it boils with partial decomposition, at a few degrees it bovo 200°, 
but under a pressure of 7‘. r > inches of mercury it boils without deComjKJsition at 152°. 
When set on fire, it burns with pahj-greon -bordered llamo, emitting a fume of lond- 
oxide. In a stream of hydrochloric acid gas, it is converted into chloride of plumbo- 
triethyl, with evolution of hydride of ethyl: 

Pb(C 2 H 6 ) 4 + HC1 « Pb(C*ll*) 9 Cl + CPIIUI. (Buckton.) 


Me thy l -compound s. 

PI nmbotrime tby 1. PbC*Il w ~ PtyCIl*)* - PbMe".— This radicle has not yet 
been obtained in the iron stato, but its salts are produced, with evolution of hydride 
of methyl, by treating plumbotetrumethyl with acids: c.y. with hydrochloric acid, the 
reaction being procisoly similar to that which takes place in tho case of the correspond- 
ing ethyl compound, as represented by tho equation just given. 

Chloride of phnnbotrimethyl, PbMe'Cl, thus obtained, separates from the solution 
on voiding in long noodles very much like chloride of lead. Jf the Iniiling of tho 
plumUtctramethyi with hydrochloric acid bo too long continued, chloride of lead is 

apt to be formed. . » 

Bromide of Plumhotrimethyl is somewhat more soluble than tho chloride. 

The iodide , PbMe*I t is obtained by adding iodine to plum tmtet ram ethyl till the 
colour becomes permanont (iodide of methyl being probably formed at the sAihe time: 
PbMe 4 + I J - PbMo*I + Mel). 


Tho product is a white solid mass, mixed with yellow iodide of lend, sparingly solublo 
in water, easily in alcohol, and crystallising in long colourless needles, which 'may bo 
sublimed. By distillation with caustic potash, it yields the hydrate of plumbo- 
tri methyl, as a strong basic oil, smelling like oil of mustard, and solidifying m 
prismatic needles. (C a hours.) 

PtambotetrametHyl. PbC»H” - Pb(CIP) 4 - PbMe 4 . — Produced by tho 
action of iodide of methyl on an alloy of 5 pts. lead and 1 pt. sodmni.or, better, by 
treating chloride of load with sine-methyl. It is a colourless, mobile liquid, having 
a camphor-like odour, insoluble in water, but soluble in alcohol and ether. It boils at 
100°, decomposes at a few degrees above tliat temperature, but may be distilled with- 
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out alteration in a gas which does not act upon* it (Cahours).* According to 
But tloro w, however, it amelia like strawberries or mould, not at all like camphor, 
boils at 100°,* and when free from zinc-methyl, may be distilled without decompo- 
sition in contact with air ; in a sealed tube containing chlorocarbonate of ethyl, it may 
be heated to 200° without decomposition. Its vapour-density, determined^ by Q-ay 
Luseac’s method, ia 9*66 at 115°, and 9*52 at 130°; calculation =* 9*25. It appears 
then that the compound ia converted into a perfect gas at a temperature very little 
above its boiling point. (B u 1 1 1 e r o w. ) 

Plumbotetram ethyl, like the corresponding ethyl-compound, doea not unite directly 
with oxygen , chlorine , or iodine t but ia decomposed thereby, yielding compounds in 
which part of the methyl is replaced by the acting elements, but belonging tp the. same 
typo as plumbotetramethyi itself; e.g. iodide of plumbotriethyl, Pb(CH , ) > I f by the 
action of iodine. Treated with acids, it yields hydrido of methyl and a salt of plumbo- 
triethyl. (Cahours.) * 

1BAD-SOAPS. Lead-salts of the fat-acids. Common lead-plaster (p. 5C0) is 
a preparation of this kind. — Palmer in 1845 pate nted the preparation of a lead-soap 
for greasing the axles of railway carriages, &c. It is prepared by heating the impure 
oleic acid obtained from the manufacture of stearin-candles, and stirring litharge into 
it as long as the litharge is dissolved. Before use it is mixed with a certain quantity of oil 
or tallow. — A compound of lead-oxide with the acids of linseed-oil, prepared by decompos- 
ing the potash-soap of linseed-oil with solution of acetate of lead, serves, when dissolved 
in oil of turpentine, for printing on wall-paper, previous to gilding it with gold-leaf or 
Dutch metal, or dusting it with wool-shearings for the product ion of flock-pat terns. 

XHA.2>-BPS:XSS, The metallurgical name of certain products obtained in tho 
working of lead-ores containing arsenic or antimony. The following table exhibits 
the composition of two lead-speisses analysed by Bodemann : a, from Clausthal ; b t 
from Andreusberg, and another ; c, by Ahrend from the Lower Hartz : 



Pb 

As 

Sb 

Cu 

Ag 

Fe 

8 

Co and Nl. 

a. 

68*2 


30*3 

trace 


trace 

1*5 


b. 

90*6 

*0*1 

1*3 

0*3 

01* 

2*6 

6*0 


c. 

26*1 

13*0 

5*2 

44*5 

01 

6*6 

2*8 

2*3 


LEAD-VITRXOL, Sulphate of lead (see Sulphates). 

LBAr-GREEN. Sec Chlorophyll (i. 922). 

XSAF'-RSD. See Erythrophyll (ii. 506). 

LIAF-TELLOW. See Xanthophyll. 

LBATHBR consists of tho skins of animals prepared by a process, or rather series 
of processes, called tanning, by which they are preserved from putrefying while 
moist, and rendered soft and pliable when dry. Tho skins are first freed from epider- 
mis, fatty matter and hairs, by steeping them in milk of lime, or in an acescent in- 
fusion of barley- or rye-meal, or spent tan, which sets up a slow fermentation ; by 
either of these modes of treatment, the epidermis and the cellular tissue in which tho 
hairs are rooted, are disintegrated, so that the hair and epidermis can then be easily 
removed by scraping. Tho skins thus prepared are then steeped in an infusion of some 
substance capable of uniting with the true skin and converting it into leather. The 
materials used for this purpose are : 

1. Tannin or tannic acid, in the process of tanning properly so called, which is 
applied chiefly to the stouter kinds of leather, made from the hides of oxen and horses. 
The true skin of animals is a gelatinous tissue (ii. £26) and gelatin unites with 
tannic acid, forming a tough insoluble substance possesjiijig the properties of leather 
(ii. 766). Several substances are used by the tanner as sources of tannic acid ; but tho 
most valuable and most extensively used of all is oak -bark. The following sub- 
stances are also used, sometimes alone, but more generally as additions to the oak-bark : 
— Sumach, from the bark of Rhus cotinus or Rhus cortaria; catechu, or Terra Japo- 
nica t chiefly from various species of Acacia (i. 816); dividivi, the crushed pods of 
Casalpinia cortaria ; mimosa, from the bark and pods of various kinds of Prosopis , a 
genus of leguminous plants; valonia, the acorn of the great prickly-cupped oak 
( Querent ASgifops) ; and n u t - g a 1 1 s. 

2. Alum and common salt , in the process called tawing, which is applied chiefly 
to the lighter kinds of skin, namely these of sheep, goats, and calves. 

• This bolting point differs from that of plumbotetrefhyl (about 200°) by 00°, or 22’5° for a difference of 
Cli* 111 the formula, whereas the boiling point rf plumbotetramethyl found by Cshoitrs, six. |f 0”, differs 
from SCO by onijr 40°, or by 10° for eath difference of CH* in the formulae. Now on comparing the dif- 
ferences of boiling points in the corresponding methyl- and ethyl-compounds of phosphorus, arsenic, anti- 
mony, and tin, it is found that the difference always amounts to 20° or upwards for each molecule of C H* 
added to the compound. The boiling point of plumbotetramethyi found by Buttlcrow is therefore more 
la accordance with analogy than that determined by Cahours. 
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3. 00, tho 4>reparatio! of chamois, shamoy, or wash-leather, which is 
prepared from the skins of the goat, doo, or chamois, and is & soft, spongy leather, 
capable of washing. 

4. Lime, for parchment, which is prepared from calf or sheep skins, and for the 
stronger kinds, from asses* or pig's skin. 

For the details of all these processes wo must refer to Urds Dictionary of Arts , tfe. 
(ii. 674 — 666), and the Handwiirtcrbuch dcr Chemic (iv. 792 — 810). 

LIOAV OEIO ACID. C ,fl H M 0 7 ? Lecanorin. a- Orscllic acid. (Schunck, 
Ann. Ch. Pharm. xli. 167 ; liv. 261 ; lxj. 7 2. — Rochlodor und Hcldt, iWrf. Uviii. 1. 
. — Stenhouse, ibid, lxviii. 61; lxx. 218. ~-8t rocker, ibid. lxviii. 13. — Laurent 
and Oerhardt, Ann. Ch. Phys. [3], xxiv 315. — Robiquet* Ann. Ch. Phys. xlii, 
236 ; Gm. xii. 377.) — This substance, which was discovered by Schunck in 1842, is 
extracted from several lichens belonging to the genera Lecanora and Varioluria. The 
lichens, in the state of fine powder, are exhaust ed with ether in a percolator, and, on 
evaporating the ether, a residue is obtained which is to bo washed with ether on a 
huge funnel till it is colourless, then exhaust ed with water, and crystallised from 
alcohol (Schunck). Rochieder and Hcldt exhaust tho lichen (b' turn in yyrunastri) 
with a mixturo of ammonia and alcohol, dilute the alcohol with a third of its volume 
of water, and saturate with acetic acid. Lecanoric acid then separates in grey Hocks, 
which are washed, dried at 100°, dissolved in a small quantity of boiling absolute 
alcohol, and purified by recrystallisation. 

Stenhouse macerates tile lichen (lloccella tinctoria) with water mixed with slaked 
lime, precipitates the filtered liquid with hydrochloric acid ; washes and dries the 
gelatinous precipitate, and digests it, when ne arly dry, with absolute alcohol, taking 
care not to boil the liquid, which, on cooling, deposits the acid in crystals. 

Lecanoric acid crystallises in colourless stellate needles, sparingly soluble in cold 
water and in cold alcohol; moderately soluble in boiling alcohol, soluble in ether and 
in acetic acid. According to Schunck, 1 pt. of lecanoric acid requires for solution 
2,600 pts. of boiling water, 150 pts. of alcohol of 80 per cent, at 16°; 616 pts. of 
boiling alcohol, and 80 pts. ether at 15*5°. The solution reddens litmus. The crys- 
tallised acid does not lose weight at 100°. 

Lecanoric acid gives by analysis 59*45 to 60 59 carbon, and 4*10 to 6 00 hydrogen, 
whence Stenhouse deduced the formula C ,B II“ , 0 , l which Oerhardt altered to 
(u«ijmo t (60*37 percent. C, 4*40 II, and 35‘23). This latter formula readily explains 
the conversion of lecanoric into orsellic acid (infra). 

Ixcanoric acid yields by dry distillation, a viscid oil, together willi orcin. It dis- 
solves readily at ordinary temperatures in lime-water or baryta-water, and is precipi- 
tated therefrom by acids in the form of a jelly, and without alteration; but if tho 
saturated solution bo boiled, tho lecanorato of barium or calcium changes into the much 
more soluble orscllinatc. If the ebullition be prolonged, carbonate of barium or calcium 
is precipitated, and orcin remains in solution: 

C'«H , «0 T + H’O =■ 2C B H*0 4 - 2CO* + 20 7 H , 0*. 

Lecunorlc Orsellinlc Oiclu. 

acid. acid. 

A solution of lecanoric acid in aqueous ammonia acquires by exposure to tho air a 
fine purple colour, duo to the formation of orcein. In contact with hypochlorite of 
calcium, lecanoric acid immediately assumes a red tint, quickly changing to brown and 
yellow. Tho acid heated with stdphuricacid , is gradually converted into orcin. Roiling 
nitric acid converts it into oxalic acid. Roiling acetic acid dissolves it readily, and 
deposits it in small needles on cooling. Ry boiling with alcohol, \ t is converted into 
eradiate of ethyl. The same change is produced by passing hydrochloric acid gas into 
a solution of lecanoric acid in absolute alcohol, saturated at the boiling heat. 

The ammoniacal solution of lecanoric acid forms white precipitates with 'basic 
acetate of lead und nitrate of silver ; but the silver precipitate is quickly reduced. The 
alcoholic solution gradually produces, with an alcoholic solution of acetate of copper, a 
light apple-green precipitate. It does not precipitate tho alcoholic solutions of neutral 
acetate of lead, mercuric chloride, chloride of gold or nitrate of silver. A few drops of 
ferric chUtridc impart to it a deep purple colour. 

The locanorates gradually decompose, especially when heated, yielding oraelhnic 
acid, and ultimately orcin. The barium-salt, C’GI'MIhO, is obtained by dissolving the 
acid in cold baryta-water, passing carbonic acid into the liquid, and treating the pro* 
cipitatewith alcohol, which dissolves the lecanorato of buriuni, and deposit# it in small 
stellate needles. According to Stenhouse’s analysis, it contains 49*27 per cent. C, 
3*81 H, and 19-49 baryta ; the formula requires 49 87 C, 3 37 H, and 19 73 baryta. 
The calciwm^salt is a gelatinous precipitate, slightly soluble in water and alcohol, 
obtained by un ammoniacal solution of the acid with chloride of calcium. Tb« 
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lead-salt is precipitated, according to Rochleder and Heldfc, ott mixing the boiling al- 
coholic solutions of ifec&noric acid and acetate of lead ; the precipitate thus obtained 
probably consists for the most part of orsellinate. 

LZOAVOllXV, Syn. with Lecanokjc Acid. 

XiBCXTHOr. Gobley’s Mature visgueuse r (Gobi* j, J. Pharnt [3] ix. 1, 83, 
161 ; xi. 409; xii. 5 ; xvii. 401 ; xviii. 107 ; xix. 406 ; xxi. 241 ; xxx. 241 ; xxxiii. 
l&l.) — The eggs and milt or Soft roe of the carp and herring, the yolk of poultry-eggs, 
the brain of the domestic fowl, of man and of the sheep, venous blood, ox-bile, and the 
fat bf the garden-snail, contain, together with cholesterin, olein and margarin, a 
viscous substance which is decomposed by boiling with acidulated water, yielding 
cerebrin; oleic acid, margnric acid and phosphoglyceric acid (ii. 891). Of these products, 
Gobley regards the cerebrin os adventitious, the other three as resulting from the 
decomposition of a non-isolnblo substance, lecithin. The portion of pig’s bile solrfble 
in alcohol and not precipitable by ether contains, besides cholesterin and ordinary fats, 
a phosphoretted fat corresponding with Gobley’s lecithin, and resolvable by boiling 
with baryta-water into phosphoglycerato of barium and insoluble barium-salts 
(.St rocker, Ann. Ch. Pharm. cxxiii. 35G). A constituent of yolk of egg, resembling 
ear-wax, described by Kodwciss (Ann. Pharm. lix. 261), agrees also in properties with 
the substance described by Gobley. 

When carps’ eggs are exhausted with ether or boiling alcohol, and the solution is 
evaporated, there remains a reddish-yellow soft mass, which when redissolved in boiling 
alcohol, leaves a small quantity of oil, and separates again as a viscous mass on cooling. 
It may also bo obtained in the samo manner, but less pure, from yolk of egg (ii. 364). — 
When the comminuted and partially dried milt of the carp is shaken up with ether, 
the ether takes up the greater part of the viscous matter, and tho rest may be obtained by 
repeated boiling with alcohol. On evaporating the alcoholic solution, transferring the 
viscous matter contained in tho residue to ether by agitation therewith, and evaporating 
tho other, tho viscous matter is obtained freo from the salts taken up by tho alcohol, 
which remain in the lower watery layer of liquid. 

Tho viscous matter is colourless, or 1ms merely a faint yellow or orange tint ; it is 
soft, neutral, and has for the most part tho odour of the material from which it has been 
prepared. It is frequently contaminated with earthy phosphates and albumin. 
It swells up when healed, chars without melting, gives off ammoniacal vapours, and 
leaves an acid carbonaceous residue containing phosphoric acid. When exposed to the 
air, it does not turn acid, and afterwards yields Liu? samo decomposition-products ns 
that which has been prepared without exposure to tho air. When shaken up with 
water , it forms an emulsion which does not become sour or exhibit tho presence of 
phosphoglyceric acid, even after 12 hours’ boiling, but on boiling it with water contain- 
ing sulphuric or hydrochloric acid, oleic and margnric acids arc formed, which rise to 
tho surface as an oil, and phosphoglyceric acid, which remains dissolved in t lie water. 
Addition of alcohol accelerates this decomposition, which, in viscous matter from yolk 
of egg, takes place at tho moro heat of the water-bgth, but in that derived from other 
sources, not till after half an hour’s actual boiling. The oxygen of the air has no 
inttuenco on the decomposition. Besides tho products above mentioned, there are 
obtained cerebrin, and somotimes also cholesterin, olein and margitrin, which however 
aro regarded by Gobley as accidental admixtures. — Aqueous alkalis and alkaline car - 
ftonates at tho boiling heat produce tho same decomposition as the mineral acids. When 
the viscous matter of yolk of egg is shaken up with water containing potash and heated 
in the water-bath, acetic acid separates oleic and margnric acids from it ; with the viscous 
matter of tho brain or from any other source, boiling jSrith alcoholic potash is necessary 
to effect the decomposition. Carlonate of potassiudr'.also does not decompose tho 
viscous matter merely at the heat of the water-bath, but only on actual boiling. — Six 
hours’ boiling with acetic (lactic or tartaric) acid does not produce any decomposition, 
12 hours’ boiling only an imperfect decomposition of the viscous matter ; but by 24 
hours’ boiling, it is completely decomposed, with formation of phosphoric acid and 
glycerine. (Gobley.) 

From the emulsion formed by water, which froths like soap (Gobloy), it is precipi- 
tated by common salt (Kodweiss.) 

The viscous matter dissolves sparingly in cold, easily in boiling alcohol ; it is also 
soluble in ether. (Gobley.) 

LBCOH TXTfi. This name is given by W. H. Taylor (Sill. Am. J. [2]. xxvi. 
273 ) to an alkaline sulphate, found by Le Conte in the cavern of Los Piedras, near 
Com ay ag ha in Honduras, and probably formed from the excrements of bats, which 
frequent the CAvern in large numbers. The mineral, whcD freed from adhering organic 
matter, is colourless, permanent in the air, and has a saline, bitter taste. It 
forms prismatic crystals, which, according to Dana, are trimetric combinations, 
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0 P,aoP.<»f2. i Poo.aepao. Angle »P : ooP - 103° 12'; t»t>2 : oofcl - 116°; 
lpao:^ !*« over the principal axis «* 127° 30' to* 128°. Hardness - 2 to 2 *5. 
According to Tavlor’j? analysis, it contains 12 94 per cent (NH 1 )*!), 2 67 K*0, 17*55 
Na*0, 44*97 SO*, 19*45 water, 2*30 organic Residue, and a trace of phosphoric acid, 
agreeing with the formula M*S0*.H*O, 

The form of this substance agrees essentially with that assigned by M itscherlioh 
(Pogg. Ann. Iviii. 469) to the salt SO 1 . 211*0. (Jabresber. WJ58, p. 729.) 

UBOBXtBBITB. A mineral from Cape Blomidon, Nova Scotia, having the ibrm 
of gmelinite (ii. 924) and the same formula, but with only one-third tjbo amount of 
water. Specific gravity ** 2*169. Analysis by Hayes (Sill. Am. J. [2L aAcv. 78): 
49*47 per cent. SiO 2 , 21*48 APO*, 11*48 CaO,‘3*94 ^*0, 044 FeO, 3*4* P*0*, and 
8*6tf water ( = 98*57). 

LESBEZTB. Syn. with Sphknf. 

ISDITAXOriO ACZB. C a, lI so O ,s ? (E. Willigk, Ann. Ch. Pharm. Ixxiv. 
363. — Rc,ehleder and Schwartz, ibid. 366.) — A variety of tannic acid, obtained 
from the loaves of the marsh wild rosemary (f,nhim pahwtre). It is prepared by pre- 
cipitating the alcoholic decoction of the leaves with water, after dist tiling off the alcohol ; 
precipitating the filtrate with neutral acetate of lead; dissolving the precipitate in 
dilute acetic acid ; filtering again, precipitating the filtrate at the boiling heat with 
basic acetate of lead ; decomposing the precipitate under water with sulphydric acid: 
and evaporating the filtrate in a streum of carbonic anhydride (Roch led er and 
Schwartz). Leditannic acid then remains as a mldisli inodorous powder, easily 
soluble in water and in alcohol. The aqueous solution is coloured dark-green by 
ferric chloride, and forms yellow precipitates with acetate of lead ami stannic 
chloride. 

LBDIXJlVTBIV. A yellow or red pulverulent substance, produced by boiling 
aqueous leditannic acid with sulphuric or hydrochloric acid. According to Willigk, it 
contains C T H a O*, and is therefore produced from leditannic acid by elimination of 
water: C M Il S0 O 15 — 3H*0 = 4 C 7 JI 8 O s . It dissolves easily in alkalis, and when dis- 
solved in alcohol, forms a red-brown precipitate with an alcoholic solution of neutral 
acotate of lead. 13y dry distillation, it yields an oil and crystals of pyrocatechin. 
(Willigk.) 

X.ESU1IK, on or. The statements of different observers respecting this oil, 
which is obtained by distilling the leaves of hulum patustre , or the entire plant 
at. flowering time, with water, exhibit considerable diversities. According to Willigk 
(Wien. Akad. Ber. ix. 302), it consists for (ho most part of a hydrocarbon isomeric 
with oil of turpentine, and of an oxygenated oil, C"°U ,2 *O ft . According to Grass- 
niann (Report. Pharm. Xxxviii. 63), it consisls of 1 pt. volatile oil and 2 pts. camphor 
or stearoptene, which may be separated by slow distillation, (he volatile oil passing 
over first. The camphor forms colourless, slender, transparent prisms, which melt at 
a gentle heat, and sublime at a stronger heat, diffusing a pungent odour, which pro- 
duces head-ache and giddiness. The camphor consists, according to Buchner 
(J. Pharm. [3] xxix. 318), of a hydrocarbon isomeric with oil of turpentine, nnd » 
hydrate of that hydrocarbon, O°H M 0* = 6C ,a II ,a .3JI v O. It, is nearly insoluble in 
water, dissolves easily in hydrochloric acid, less in acetic acid, ami is quite insoluble 
in aqueous ammonia, but dissolves readily in alcohol and ether. (Buchner.) 

According to A. Frolide (J. pr. Chem. Ixxxii. 181), the oil obtained from the plant 
by distillation is reddish -yellow, has an acid reaction, smells like, the (lowering plant, 
is slightly Bolublc in water, easily in alcohol and ether, and does not deposit any solid 
camphor, even when cooled to a very low temperature. When heated with strong 
l»ot ash-ley, it gives up to the ulk;di, besides small quantities of acetic, butyric, and 
valerianic acids, an oily acid, having the penetrative odour of the plant, and consisting 
probably of C"H ,0 O 4 , a formula closely related to that of ericinone, CJPO* (ii. 600), 
which substance likewise exists in the plant. The portion of the oil which does not 
unite with potash, yields, by rectification in a stream of hydrogen, a portion boiling at 
160°, and isomeric with oil of turpentine, while between 240° and 242° an oxygenated 
oil passes over, having the composition of cricinol, C ,# IP*0. 

UBSBBZTS. A mineral found near Leeds in Yorkshire, containing, according to 
Thomson’s analysis, 71*9 per cent, sulphate of calcium and 28*1 sulphate of barium. 
It appears to be merely a mechanical mixture of the two. (Ban a, ii. 607.) 

HU, The bulbs of this plant yield 0*46, the stems 0*84 per cent ash, contain- 
ing, according to T. Richardson (Ann. Ch. Pharm. Ixvii., Appendix to Part 3): 

Vol. Ill, 0 0 
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K*0 1C**0 CaO MgO SO 3 SiO* 

Bulb . 32-35 8*04 12 66 2-70 S‘34 3 04 
Stem . 13-98 14-43 2 510 tan* 16 50 19-77 

UilUTI. Syn. with Hblleflinta (p. 141). 


P*0 5 

16-09 


Ferric 

phosphate . N*Ct 

28*29 4*49 

10*06 trace 


100*00 

99»84 


UaimoV, or Vegetable Casern, was discovered bj Einhof ip 1806, and was 
called by him ubgkto-animale (N. allgem. J. d. Ch. v. A. Gehlen, vi. 126, 648). He 
found it in peas, beans, and lentils. A similar nitrogenised substance, extracted from 
sweet and bitter almonds and termed amandin , has been investigated by Proust, 
H. Yogel, Boullay, and others, who considered the substance in question to be 
identical with animal casein. Braconnot, and afterwards Liebig, have arrived at 
the same result ; they find, indeed, that legumin and casein are perfectly identical 
in composition and properties. Dumas and Cahours on the other hand, always»ob- 
tained a substance containing loss carbon and more nitrogen than casein, and pos- 
sessing somewhat different properties. Their analyses agree very closely with one 
another, but it is highly probable that the substance analysed contained some foreign 
body, perhaps arising from the partial decomposition of legumin. It is also not un- 
likely that legumin preparod by the ordinary methods is not a homogeneous substance. 

Preparation . — Dumas and Cahours employ the following method for the preparation 
of legumin, the most advantageous source of which are peas or sweet almonds : — The 
bruised substance is digested for two or three hours with tepid water ; the product is 
then crushed in a mortar so as to form a pulp ; and to this is added about its own 
weight of cold water. After the whole has been macerated for an hour, it is thrown 
on a cloth and pressed, and the liquid portion on standing deposits a certain quantity 
of starch. The solution is now clarified by filtration, and acetic acid, diluted with 
8 or 10 times its weight of water, is gradually added. Immediately on the addition of 
the acid, a perfectly white floceulent precipitate is formed, which may be easily collected 
on a filter and washed with water. Care must he taken to avoid an excess of acetic 
acid, in which legumin is readily soluble. The legumin is then washed with alcohol, 
dried, pulverised, and digested with ether, which removes all fatty matters. The 
product is again dried in vacuo at 140° (Gerhardt, Traits, iv. 491). Haricot-beans 
cannot well be substituted for the above substance, since they contain a gummy 
matter which renders the filtration and washing exceedingly tedious. According 
to Lowenberg, the product, obtained as above, is a mixture of legumin and albumin, 
and after it has been washed with boiling water, contains a decomposition-product 
of legumin, mixed with albumin. Tho separation of these two substances may bA 
effected by dissolving the mixture in ammonia, evaporating off tho excess of ammonia, 
adding chloride of sodium, boiling, filtering, and precipitating the filtrate with acetic 
acid. Tho precipitate is washed first with cold water, then with boiling alcohol and 
ether. The infusion of peas and almonds also contains a third body, which is preci- 
pitated by acetic acid ; it is insoluble in excess of the acid, but soluble in pure water. 
The ammoniacal solution is partly precipitated by boiling with chloride of sodium after 
evaporating the excess of alkali. 

Rochleder purifies legumin, prepared by the first method, by treating it with con- 
centrated potash, which readily dissolves the legumin, and leaves a floceulent residue 
of another substance. The solution is allowed to stand, decanted, then filtered and 
precipitated by acetic acid. The well-washed precipitate is dissolved in ammonia, 
filtered again, and reprecipitated by acetic acid. 

Properties . — The solution of legumin does not coagulate by ebullition ; but when 
evaporated, becomes covered with a pellicle, like milk (Liebig). Purified legumin is 
insoluble in cold water; with boiling water it yield^£...product richer in carbon, soluble 
in water and insoluble in acetic acid, together with 4 Uss carbonised body, insoluble in 
water (Lowenberg). The body analysed by Dumas and Cahours had the following 
properties : — When precipitated from a concentrated solution by weak acetic add, it 
always presented a nacreous and iridescent appearance ; from a weak solution it is 
deposited in flakes. It is insoluble in cold alcohol and ether ; also in boiling water 
and in weak boiling alcohol. It dissolves largely, however, in cold water, ana when 
the liquid is heated almost to boiling, it coagulates, and gives a precipitate of cohering 
flakes very like coagulated albumin (Gerh. iv. 493). Gerhardt thinks that Liebig may 
have experimented with the aqueous extract of legumin obtained directly from peas, &c., 
which probably contains that substance in combination with alkali, forming an inco- 
agulable solution like the alkaline albuminates. The fresh aqueous extract of the fruit 
of the leguminosfe is always neutral ; the legumin precipitated therefrom by an add 
always reddens litmus, even after prolonged washing. When this solution is left to 
itsolf, it coagulates in 24 hours, at a temperature of 16 or 20° C., yielding a gelatinous 
precipitate like tbe coagulum of milk. Tho mother-liquor is decide&y acid, *»d 
appears to contain lactic acid. (Liebig.) 
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Dumas and Cabonrs.* 

LemMs* Sweet atmemdt. 

Rochleder.f 

Haricots* 
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50*46 

6*65 

18*19 

60*98 64*0 

6*70 75 

18*77 14*7 

54*3 

7*4 

14*6 

53*9 
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6*74 
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0*48 
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Pho*. 
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2*180 
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1*520 

0*71 

1*780 


8nl- 
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0*870, 
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Carbon • 

Hydrogen 
Nitrogen . 

Sulphur . 

Oxygen . . 

Purified legnmin sometimes contains as much as 7*1 nor cent, ash (Rochleder), 
The ash is perfectly white, has an alkaline reaction, and con Ulus a I arpo quantity of 
potash, partly in combination with phosphoric acid. The insoluble portion of tho ash 
is composed of phosphate of calcium and magnesium, as well as a little phosphate of 
iron! (Liebig.) 

VSlcker (Rep. Brit. Assoc. 1857, pr. 60 ; J. p. Chcm. lxxv. 320) found in logumin 
prepared from peas and beans, the following percentage of aah, phosphorus, and 
sulphur : 

Legumin. 

From green peas 

The same, precipitated with a small quantity of acetic acid 
Tho same, precipitated with excess of acetic acid 

From white peas 

From white French beans ...... 0*71 1*780 0*590 

Norton (Pharm. Centr. 1847, p. 466 ; 1848, p. 240) also found in legnmin prepared* 
from peas, sweet almonds, and oats, from 0*8 to 2*3 per cent., phosphorus. The large 
amount of phosphorus found by Vblckor and Norton renders it probable that legumm 
contains, or is associated with, a compound of phosphoric acid, perhaps phosphoglycoric 
acid. 

Decompositions. — When legumin is subjected to dry distillation, it swells, yields a 
yellowish distillate containing carbonate, sulphide, and acetato of ammonium, and 
leaves a residue of shining charcoal. (II racon not.) 

Legumin distilled with acid chromate of potassium and dilute sulphuric acid yields 
an acid liquid which smells of prussic acid and bitter almond oil, contains a consi- 
derable quantity of prussic acid, with a small quantity of formic acid, but does not give 
the mictions of the aldehydes with potash or with nitrate of silver. When rectified over 
mercuric oxide, the first portion of the distillate exhibited a more aromatic and ethe- 
real odour than the original liquid ; the second portion, which was covered with a thin 
layer of oil, contained benzoic acid (4 pt*. to 1,000 of legumin) valerianic, butyric, pro- 
pionic, acetic, eaproic, and probably also caprylio acid (Frdhdo, J. |»r. Chem. lxxyii. 
200). Inn second scries of experiments, Frohdc found among the products of oxidation 
of legumin, valeronitrilo, acetonitrile (not distinctly recognised), and a third nitrile, 
probably propionitrile. 

All acids coagulato tho solution of legumin ; tho precipitates rodissolve in excess of 
the acid. 

When legumin is boiled with dilute sulphuric acid , leucine is formed. Dry legumin 
saturated with con ccntratcd sulphuric acta dissolves slowly and forms a brown solution, 
but no glycocine is produced. 

Concentrated nitric acid dissolves dry legumin, with evolution of nitrons fumes. 

Dilute hydrochloric acid precipitates legumin like acetic acid. The concentrated 
acid dissolves it with the chanacterisl ic blue tint. 

When gelatinous legumin is placed in contact with concentrated acetic acid \i almorbs 
the acid, and swells, becoming semitransparent. The product is completely soluble 
in boiling water. A gummy residue of legumin, soluble in wafer, is obtained on eva- 
poration. A solution of legumin is immediately precipitated by dilute acetic acid, and 
the precipitate is r< dissolved by an excess of the acid, forming a perfectly clear solution. 
This is reprecipitated by adding ammonia; the precipitate dissolves in an excess of iha 
acid (Dumas and Cahours). Liebig found legumin insoluble in weak acetic acid? 
Ixiwenberg’s legumin, which is insoluble in water, dissolves in an excess of acetic acid. 

Solution of legumin is precipitates! by tri basic phosphoric acid , also by oxalic, tar* 
taric, malic, and citric acids ; the precipitates are readily sol iiblo in excess of acid. 
Ijegumin is dissolved in the cold by potash, soda, and ammonia* Heated with fixed* 
alkali, it evolves ammonia, and sufphido of ammonium is formed in the solution. 

• The carbon and nitrogen in the other analyses of M H. Dumu and Cahotirs fall between theaa two 

t ammonia, precipitated by acetic add, and exhausted b j boUbf 

alcohol and ether. 

I Purified by L&wenberg’a process. 
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; Baryta and Him form fnscfluble-compoundihvfith legumin, as with casein. Like casein, 
solution of legumin precipitates many earthy and metallic salts, but does not precipi- 
tate sulphate of magnesium, or th$ > acetate, or other salts of calcium in the cold; on 
applying a slight heat, the liquid rapidly coagulates. Braqonnot attributes the harden- 
ing of vegetables cooked in selenitic waters to the formation of these lime-compounds. 

A concentrated solution of legumin* to which, rennet has been added, does not begin 
to cpagulatq for several hours; after 24 hours all the legumin is precipitated. The 
coagU&ion does not appear from this to be due to the free acid contained in the rennet 
(Dumas and Cahours^. Putrefying legumin acts as a powerful format. 
t Bsj beans, peas, lentils, &c., contain, on an average, about 25 per cent, of nitro- 
genised matter (legUmin, albumin, &c.) t and are the most nutritive of vegetables. At 
the same time, they are deficient in starch and fat. They are not generally a very 
wholesome food in large quantity, except for men enjoying robust health and engaged 
in severe labour. Legumin appears to be much more indigestible than insoluble casein, 
as casein is far more indigestible than the fibrin of meat. C. E. L. 

LBHMAIfinTE. Native chromate of lead (i. 934). 

&BBSBACBZTB. Selenide of mercury and lead from Tilkerode, near Lehrbach ; 
probably a mechanical mixture of the two selenides, inasmuch as specimens from dif- 
ferent parts of the same vein exhibits Very different proportions of lead and mercury 
(see p. 658). 

LEBUHTTITB. Syn. with Natrolite. 

iiBXBBVTBOBT’B PHENOMENOV. This term is sometimes applied to the 
spheroidal state of liquids (p. 88), first observed by Leidenfroat. 

LBMNA. Duckweed . — Plants of this genus are very rich in inorganic substances, 
and have accordingly been recommended for use as manure. In a specimen of Lemna 
minor growing in the river Eure, in France, Horv6 Mangon (Instit. 1861, p. 107) 
found : 

dombuBtible matter Phosphoric Other mineral 

(without nitrogen). Nitrogen. Silica. Lime. acid. constituents. 

61*1 3-6 6-7 8*2 1 1 19*3 « 100 


Liebig (Ann. Ch. Pharm. cv. 109) obtained from Lemna trisulca growing in a marsh, 
16-6 per cent, ash, and from a litre of the surrounding water 0 415 grin, of saline 
residue. 100 pts. of the slightly ignited plant-ash, a, and of the saline residue of the 
water, 6, contained : 

CaO MgO NaCl KCl K*0 Nn*0 Fe*O s * P*0» SO> SlO* 

а. 16*82 5 08 5'90 1*45 13 16 . . 7’36 8*73 6 09 1285 

б. 35 00 12-26 10 10 . . 3 97 0*47 0*72 2 62 8*27 334 


LBMVZAN BABTBi Sphragide . — The a<ppayts of the Greeks. A 

yellowish-grey earth or clay frequently marbled with rusty spots. Dull. Fracture 
fine earthy. Meagre to the touch. Adheres slightly to the tongue. When plunged 
in water it falls to pieces, with disengagement of air-bubbles. Its constituents 
aro, 66 silica, 14 5 alumina, 0 25 magnesia, 0 25 lime, 3 5 soda, 6 oxide of iron, 8 5 
water (Klaproth). It has hitherto been found only in the Island of Staiimene 
(ancient Lemnos). It is reckoned a medicine in Turkey ; and is dug up only once a 
yoar, with religious solemnities, cut into spindle-Bhapcd pieces, and stamped with a 
seal. In aucient times it was esteemed an antidote to poison and the plague. U. 


&BMOK. See Cithus (i. 1003). 


XiXONTTXXi- Ervum Lens. The air-dried seed ^rf this leguminous plant contains, 
according to Krocken (Ann. Ch. Pharm. lviii. from 34 to 35 per cent, starch. 
Hors ford (ibid. 199) found in 100 pts. of the seed, 30 4 pts. of non-asotised matter, 
to 2*6 ash and 13*0 water. 

Poggiale(J. Pharm. [3], xxx. 180, 255), and F-resenius found in 100 pts. of 
air- dried lentils, the following constituents : 


Inarch. 


44 


Gum. 

Sugar. Legumin. 

Fat. 

Cellulose, 

Pectin. Stc. Ash. 

Water. 


290 

1*5 

7*7 2*4 

15*4 

70 

1-5 250 

2*5 

120 23 

14*0 


Poggiale. 

Frosenius. 


PLevd found in lentil-seeds from Worms 2 06 per cent, asb of the composition given 
fcetow. 

The straw of lentils contains 0*01 per cent nitrogen (Bo uss in gault) ; the air- 
dried straw contains 27 per cent, water and 34 per cent, substances soluble in dilute 
alkaline ley, 67 per cent, woody fibre, and 3 9 per cent, ash, having the following 
composition ; 


* With trace* of alumina. 



LENZINITE — LEPARG YLIC ACID. 


Composition, of LentiLasL 



deed. 

Straw. 

* . y 

Seed, 

Straw. 

Potash . • 

• 34*6 

10*8 

Silica*, . 

. 1*3 

176 

Soda . . 

.. 9*6 


Phosphoric acid 

. 36*2 

12*3 

Lime 

. 6-3 

62*3 

Sulphuric acid 

. 

10 

Oxide of manganese 

. 2*5 

3*0 

Chloride of podium 

. 7*6 

2*1 

Ferric oxide . • 

. 2*0 

09 





According, to Schwarz, u hectare of ground yields al>out 1,300 kilograthmile of 
seed and 3,700 kilogrammes of straw ; the former, therefore, containing *30, the latter 
144, and the whole, 174 kilogrammes of mineral constituents (11 until), d. ChtSttf. iL 
[3] 832). 

1BVUVXTB. A variety of kaolin from the pegmatite of La Vilute near 
Cliantoloupe (Haute Vienne), of a clear brown colour, tender, but not plastic. 
Before the blowpipe it becomes reddish, but does not fuse. It is decomposed by hot 
sulphuric acid. Contains, according to SulvAtat (Ann. Ch. Phys. |3j xxxi. 102), 
36*36 per cent, silica, 36 00 alumina, 1*95 ferric oxide, and 21*60 water (agreeing 
nearly with the formula 2 A1*0 S . 3Si0 2 .3H*0), besides 0 18 magnesia. 0*50 alkalis, 
2*0 gelatinous silica, and 1*64 quartz ( = 101*62). 

LBOSOTHARDITE. A hydrated silicate of calcium and aluminium, occurring at 
tScheiunitz in Hungary, and at Copper Falls, Lake Superior, in motioclinic crystals, ill 
which ooP : ooP = 83° 30' and 96° 30'; oP : cc 1' K 111°. Cleavage parallel toad*, 
very perfect ; basal imperfect. Also columnar and granular. Hardness » 3 to 3*6. 
Specific gravity = 2*26. Lustre on cleavage-faces pearly ; elsewhere vitreous. 
Colour white, sometimes yellowish, seldom brownish. Subtranslueent. It usually 
whitens on exposuro, like laumontite ; but the variety from Luke Superior does not. 
Before the blowpipe it exfoliates, froths, and easily melts to an enamel. It dissolves 
in acids. 

Lt*on hard ite from Schemnitz bus been analysed by Delffs and v. Bubo (Pogg. Ann. 
lix. 336, 339), that from Copper Palls by Barnes (Sill. Am. J. [2] xv. 440): 


Silica . 

. 64*92 

Schcmnltz. 

56*00 

Co|i|n*r 

F.ilil. 

66*60 

Alumina 

. 22*49 

21*36 

21*69 

Li mo 

9*06 

10*60 

10*66 

Water . 

. 13*64 

12*30 

11*93 


10000 

102*16 

99*68" 


The analyses do not agroe well together. The first analysis of the Hungarian miner 
ral agrees approximately with the formula (3t’aG.4Si< P).4(Al i O*.3SiO v ) + 1511*0, 
which, however, is improbable; that, of the American mineral may bo represented by 
the much simpler formula (Ca0.Si0*).(Al 2 0 , .3Si0*) + 311*0, or 2CaAl ,Si*0\3H*(), 
which is that of ft mctasilicato, and differs from the formula of laumontite (p. 472) 
only in the amount of water. According to Brooke and Miller, leonhardite agrees ip 
form also with laumontite. Delffs found in the mineral 13*66 to 13*81 per cent, water ; 
it gave off 11*64 per eont. at 100°. According to Kenngott, leonhardite is identical 
with cftporcianite. (Dana, ii. 308; Itammolshorg, Miner alchemic , p. 800.) 

JbSOF<AJfc:DZTB' A spotted fclspathic. rock, occurring at Charlotte, Meeklen- 
burgh County, and in the Steele Mine, Montgomery County, North Carolina, and re- 
cognised by Genth (Sill. Am. J. [2] xxxiii. 197), as a true porphyry, spotted with 
iron- and manganese-compounds. The crypto-crystalline felspathic base is inter- 
spersed with small crystals of orthoclasc and quartz. Analysis gave: 

JyOM by 

810® A PO* Fc*0* MfrO CaO N«*0 K'O ficnltiou. , 

76*92 14*47 0*88 0 09 0*02 4 98 4*01 0*64 «= 100*00 

agreeing very nearly with the composition of Bunsen's normal trachytic substance. 

UfAXXn. A volatile base containing the elements of 1 at. diamylftmipc and 
1 at. lepidine ; C**H W N.C ,0 H 9 N = C^I^N 2 , produced by the action of fedfdft of 
amyl on lepidine (p. 673). 

WAROT1XO ACID. Syn. with Axchoic acid (i. 289). Arppe has 
shown (Ann. Ch. Pharm. exxiv. 80) that Laurent's Acdaic acid (\. 477) has the sites 
composition as lepargylic or anchoic acid: it appears, however, to differ so much ftWn 
the tatter in melting point, solubility, and the properties of hoi no of its salts, that the 
two acids can scarcely be regarded a & identical (which is Arppe's view), but only a M 
iaomeric. 

Azolaic acid is most easily obtained by healing castor-oil with 2 pta. of ltftrlo acid, 
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of specify: gravity 1*2— 1*3, added by small portions, continuing the operation for 12 
hours, then separating the acid liquid from the remaining oil, adding fresh acid, and 
continuing the oxidation for another day. The acid liquid is then to be separated from 
the oil and added to the former portion, the whole evaporated, with addition of water, 
and freed from oil, which then separates, by means of a tap-funnel. The clear acid 
solution duly concentrated yields a white granular mass, which, when freed from oxalic 
acid by washing with cold and recrystallisation from warm water, and from other more 
soluble acids by melting the crystals, pulverising the fused mass, and treating the 
powder with water, leaves a mixture of azelaic and suberic acids ; and on treating this 
residue with cold ether, the azelaic acid is dissolved, while tho suberic acid remains 
behind. The ethereal solution is evaporated, the residue is dissolved in hot water, and 
the solution, freed from any oil that may still remain, is evaporated to tho crystallising 
point. — Azelaic acid is also obtained in a similar manner, together with several other 
acids, from almond-oil, spermaceti, and oleic acid (Arppe, Ann. Ch. Pharm. <*rj_ 
288; Jaliresber. 1861, p. 357). 

Azelaic acid, prepared as above, has tho composition CTI^O 4 . It crystallises on 
cooling from a moderately concentrated aqueous solution, sometimes in large laminse, 
sometimes in long flattened needles several inches lbng; the crystals are transparent 
and colourless, with vitreous lustre, but of no determinate form. Prom a very dilute 
solution, it separates in smaller lamina*, which under the microscope exhibit several 
forms, viz. oblique rhombic prisms with acute angles of about 22°, square tables, and 
thin flattened prisms. It dissolves in 700 pts. water at 15° (lepargylic or anchoie 
acid, according to Buckton, in 217 4 pts. at 18°); it is more soluble in ether, and 
still more in alcohol. It melts at 106° (lepargylic acid at 114 — 116°, Buckton ; par- 
tially at 115°, completely at 124°, W i rz) ; and volatilises with partial decomposition at 
higher temperatures; the vapours excite coughing, but not so strongly as succinic 
acid. Heated with caustic baryta, it is resolved into carbonic anhydride and hydride 
of heptyl, C 7 1I‘* together with small quantities of other hydrocarbons ; C 9 II'®0 4 — 
2CO* + C 7 H'*. (R. S. Dale, Chem. Soc. J. xvii. 261.) 

The azolaates of the alkali- and alkaline-earth-metals are soluble in water, the 
calcium-salt being the least soluble; those of tho heavy metals are insoluble:-* They 
are all decomposed by dilute nitric acid, with separation of crystalline azelaic acid. 
The neutral salts form with chloride of calcium a copious crystalline precipitate, with 
ferric chloride a brick-red, and with cupric sulphate a blue-green precipitate. 

Barium-salts. — Tho acid salt , C , ‘TP 0 Ba''O'\ is obtained by neutralising a hot solution 
of the acid with carbonate of barium. [ Buckton did not succcod in preparing an acid 
anchoato of barium.] — A warm concentrated solution of tho acid neutralised with 
hydrate of barium yields a granular precipitate of tho salt 2C B H 14 Ba / 'O 4 .C 1H ii S0 Ba"O 8 , 
which may he crystallised from water, but whon washed with hot water is converted 
into the neutral salt , C 9 II ,4 Ba"0 4 . 

Tho calcium-salt , C*II N Ca"0 4 , is vory sparingly soluble. Tho copper-salt , C 9 H’ 4 Cu"0 4 , 
is a bluo-grecn precipitate; tho lead-salt , C 9 U ,4 Pb"0 4 , a white precipitate. The 
magnesium-salt, C w H ,4 Mg , ’0 4 .3H 2 0, is efllorescont, and separates from solution in warm 
water by evaporation in crystalline crusts. Tho manganese-salt , C*H u Mn"0 4 , is a 
white fusible precipitate ; the nickel- salt, an apple-green crystalline precipitate ; tile 
silver-salt , Cll^AgH) 4 , a white powder. — Tho strontium- salt, C 9 H H Sr'0 4 . 211*0, sepa- 
rates by evaporation from its warm aqueous solution in crystalline crusts, which when 
dried in the oxsiccator, give off half their water, leaving granular crystals containing 
C 9 H ,4 Sr"0 4 .IP0. (Arppe.) 

&8F XBOfl. C ,9 H 9 N. (Or. Williams, Edinb. Phil Trans, xxi. [3] 377 ; 6iu. 
xiv. 103.) — A volatilo organic base homologous wit^ chinoline, and obtained, together 
with that base, and several others of the series, b£~flistilLing quinine or cinchonine 
with water and hydrate of potassium (i. 809). The bases are first separated by 
fractional distillation, — the portion which distils above 199°, especially that between 
216° and 243°, consisting of chinoline and lepidine, the latter being found chiefly in the 
portion boiling above 270°, — and the separation is completed by fractional crystal- 
lisation gf their platinum-salts. 

A hfute isomeric, and originally supposed to be identical, with lepidine is contained 
in Cpal-t&r oil, and may be separated by collecting and rectifying the portion which 
Aisti^..between 250° and 267°, and completing the purification by fractional crystalli- 
the platinum-salt as above. This base, now called iridofi ne, is distinguished 
ftw fcj fagjidine by its lower boiling point, by certain differences in the characters of 
itf^NutA Mme of ^rhich crystallise less easily than the corresponding salts of lepidine, 
and innafticular by the reaction of its amyl-derivative with ammonia (p. 573). 

Le p^m pfcjhL an oily base resembling chinoline, of specific gravity 1*072 at 15°, 
266° and 271° (iridoline boils between 252° and 257°). Vapour- 
calc. — 4*96. 
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Lepidine is somewhat decoraposnd by boiling, yielding pyrrhol and carbonate of 
ammonia. By iodide of methyl, ethyl and amyl, it le converted into iodide of methyl^ 
ethyl- and amyl-lepidyl-ammonium (p. 573). 

Both lepidine and iridoline form crystal liable suits; the iridoli no -salts smoll of 
naphthalene. The hydrochbrates of both bases, C^lI’N.llCl, form small colourless 
noodles, which do not melt at 100°. They form, with chloride of cadmium . crystalline 
double salts containing C ,# H # N.HCl.CdCl* ; and with tetrachloride of pUitinum, the salt 
2 (C 1# H*N.HCl).PtCl 4 , which is insoluble in alcohol. Tho platinum-salt of iridoliuo 
crystallises less readily than that of lepidine. 

The nitrates, C ,0 H f N.NO\ form hard prisms which arc permanent in the air, and do 

not melt at 1 00°. , , 

Acid chromate of lepidine . 2C ,B H*N.H ,| 0.2(M) S , crystallises in long golden-yellow 
needles which decompose at 100° when moist, but not when dry, and leave chromic 
oxide when ignited . — Acid chromate of iridoline is an oily compound which docs not 
crystallise. 


Amyl-lspldine, 


Deri v a t i a e ,i of L e p i d i n c. 

(CTl" 

C 14 II l9 N =*N | C ,U H\ — The hydriodaU 


of this haso, or iodide of 


amyl-lepidyl-ammonium, C' S I1"NI = Nl(C J H"KC" , H : )H-]I, is obtained bv boating 
lepidine with iodide of amyl, in small crystals, slightly soluble in water. Huh iodide 
treated with potash or ammonia is converted into a splendid blue eomjKiuml (Or. Wil- 
liams), called iodide of pelamim* , the reaction is, 

2C ,5 H m NI + KHO - C 3,, H lu N' r I + KI + I HO. 

Iodide of ftinyl- Iodide of 

leptdyl-ammonium. iielainine. 

When treated with moist oxide of silver, it yields the base, and from this tho other 
salts of pclamine may be obtained (see Phlamink). The crude distillate from cin- 
chonine treated with iodide of amyl and potash yields a similar blue compound (known 
commercially as chinoline blue or cyanine (i. 873), which consists mainly of lw«Iide of 
pelamine, together with a small quantity of the homologous compound C ft N , 
derived in a similar manner from chinoline. (llofmann, Conipt. rend. lv. 84 , 
Proc. Roy. Soc. xii. 410). 

JMwmyllne-leptaino or iepamine. - C'WN.C'WN, or perhaps 

N 1 . (Or. William", Clicm. Soc. J. xvi. 376.) -When lepidine is cohobatod 
H 3 

with iodide of amyl, a brown syrupy liquid is obtained, which solidities to a mass of 
crystals on cooling. On rep utedly boiling this mass with water the greater part dm- 
solves, yielding a Elution of iodide of umyl-lcpidyl-nminoniuru. A considers!. « portion 
however remains undissolved, and this portion, if "..Wed to prolonged ebu lition m a 
retort with caustic alkalis, decomposes, yielding a distillate consisting of water and an 
oil. The latter dissolves for the most part in hydrochloric acid, and “ oi “ t 
evaporated to a moderate bulk, forms two layers, he upper which ap]H-.im hJte a 
colourless oil, solidifying on cooling to a mass resembling paraffin, while the owor ^is 
merely a saturated aqueous solution of the same substance. The paraffin • 1,k «’ 
chlorate, treated with alkalis and distilled, yields diamyliiio-lepidine as a voUtik Urns, 
which may be dried with sticks of potash, and rendered pearly ~ " url < ss by 
tion. It has a fragrant odour, and when perfectly dry dwf il* at about 176 . apo 

incite below loo 0 , is -paring.y soluble in 

which mav be washed by agitation with cold water, dried over oil of vitnor fcjr a a iy 
5 Iwo^S * ™veT.hI ™tor-bath. It is perfectly soluble >n alcohol, and has the 

«f «nld to ablution of the 

chocolate-coloured precipitate is formed, which quickly changes to bright gmit^t is 

soluble in alcohol, forming a green solution ... -uilt on%n- 

Lepamine dissolved in strong mine acid yield" a rod solution, -from wmen pn 

tion.la red oil separates, probably a nitro- compound. 11 jfllib jigaliiiii! 

By heating Upline with MM* »/ ethyl in a sealed tube, a syruOT 
which when distilled with potaoh, yield* a volatile oily base, probablJsp|j|pflR«un . 
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It dissolves readily in hydrochloric acid, forming a salt which is much more difficult 
to crystallise .than hydrochlorate of lepaminc. 

Stbjrl-lepldlne. C ,2 H*»N - C W H«(<?H*)N.— ' The hydriodate of this base, or 
iodide of cthyl-lepidyl-amvion ium, [(C-H 4 )(C 10 H 7 )H 3 ]NI, is obtained by heating 
dine with iodide of ethyl, in brown needles, which after recrystallisation, exhibit a 
beautiful canary -yellow colour, becoming transiently blood -red at 100°. Treated with 
moist oxide of silver, it yields tho corresponding hydrate, which when treated with 
hydrochloric acid and tetrachloride of platinum, yields the platinum-salt, 2C 1 *H ,I NC1. 
Ft Cl 1 , soft at first, but soon becoming crystalline. 

IWetbyl-lepldlne, C ,, H ,, N = C'®H 8 (CH 8 )N. — The hydriodate, or iodide of methyl- 
lepidyl-aitimonium , C n H l2 NI, is obtained in crystals by heating lepidinewith iodide of 
methyl. 

LSPlDOCROCXTfi. Needle Iron ore.— A. hydrated ferric oxide of the s£toe 
composition as gothito, Fo 2 O a .H 2 0 (ii. 940), occurring at Spring Mills, Montgomery 
County, Pennsylvania, in minute radiating crystals or granular scalos, and feathery 
aggregations, imbedded in fibrous rod oxide of iron, and in nodules of chalcodony. 

MPXDOXiXTB. Lithia-mica, found at Rogena and Iglau in Moravia, in the 
island of Utdn, Sweden, and in other localities. (See Mica.) 

X.SPXDOZKTEX.AH'E. ^ A variety of mica, so called from its scaly structure and 
black colour ( and jUcAas), consisting, according to Soltmann’s analysis (Pogg. 

Ann. 1. 6(14) of 37*40 silica, 11*60 alumina, 27*66 ferric oxide, 12*43 ferrous oxide, 
9 20 potash, 0 26 limo and magnosia, and 0 60 water, corresponding with the formula 
(FeO; K 2 0).(AP0 8 ; Fe 2 0 3 ).2Si0 2 , which is reducible to that of an orthos ilicato, 

£!«>•■ 

The mineral forms crude masses of granular scaly structure, consisting of small 
scales, sometimes exhibiting the form of six-sided tables; according to W oilier, it is 
completely decomposed by hot hydrochloric or nitric acid, the silica separating in 
crystalline scales like those of the mineral. It is found only in one locality in Sweden, 
probably at Persberg, Wermland. 

LSPOUTE. See Anoutiute (i. 303). 

LSPTYKXTZ. Granulite or Eurite. A granular compound of felspar with quartz, 
sometimes containing garnet. 

X.SITCAXrxx.XlflrE. C 20 H 2 »N S . (A. W. Hofmann, Proc. Roy. Soc. xii. 2 ; Jahros- 
ber. 1862, p. 34.) — A base produced by the action of reducing agents on rosaniline, 
and related to it in the same manner as indigo -white to indigo-blue : 

C 20 H’ B N S + H* = C"II 2, N S . 

HosauiUne. Leucaniline. 

It may be obtained by leaving hydrochlorate of rosaniline in contact with metallic zinc, 
or more easily by digesting a salt of rosaniline (or commercial fuchsine or magenta) with 
sulphide of ammonium. A yellow resinous mass is thon formed, which is to be finely 
pulverised, washed with water and dissolved in dilute hydrochloric acid. The solution 
forms with concentrated hydrochloric acid, a copious, crystalline, brown or yellow 
precipitate, of impure hydrochlorate of leucaniline, which may be purified by repeated 
solution in dilute, and precipitation by concentrated hydrochloric acid. It crystallises 
from boiling dilute hydrochloric acid in very small rt^ctangular plates, which are 
obtained quite pure by recrystallisation from water, or by precipitation of the alcoholic 
solution with ether. w 

Leucaniline is precipitated from the solution of the hydrochlorate as a white powder, 
acquiring a faint rose tint on exposure to the airi It is nearly insoluble in cold, 
sparingly soluble in boiling wafer, whence it separates in small crystals, slightly soluble 
in ether , easily in alcohol. It turns red when heated, and molts at 100° to a dark-red 
transparent liquid, which solidifies to a lighter- coloured mass on cooling. By oxidising 
agents, such as peroxide of barium, ferric chloride, and especially chromate of potassium, 
it is easily converted into rosaniline. It unites with sulphide of carbon, chloride of ben- 
zoyl, and several ot her bodies, forming compounds which have not yet been examined. 

The salts of leucaniline crystallise well, espema^y the sulphate ; they are all soluble 
in water, and are precipitated by acids. The hydrochlorate, C r# H 3, N 3 .3HCl.H 2 0, gives 
up its watsir only when heated for a long time in a stream of hydrogen. On boiling 
its solution with excess of leucaniline, the latter separates out in splendid crystals, 
without forming a less acid salt. The chloroplatinate , 2(C* # H 2 'N , .3HCl).3Pt€l*.2lFO, 
is sparingly' ttaluble in cold water, decomposible bv boiling water, and gives up its 
Water wim difficulty, oven when boated above 1 00°. The nitrate , G-®H' f, N a .3HNO , .iI r O, 



LEUCHTENBERGiTE — LEUCIC ACID. 575 

forma white needles soluble in water and in alcohol, but not in ether, only sparingly in 
nitric acid, and decomposing at 100°. 

Tripbenjrl-lenoaniUne. — Obtained by the action of reducing 

agents on triphenyl-rosuniline. The blue solution of the hydrochlorute of this base 
is decolorised by zinc and hydrochloric acid, and the clear liquid treated with water 
yields a precipitate which may be purified by solution in ether. The same compound 
is obtained as a brittle, non- basic resin, by the action of sulphide of ammonium on 
hydrochlorate of triphenyl-rosaniliue. It is nn hydrous, and when treated with oxi* 
dising agents, is reconverted into tripheuyl-rosuuiliiio. (Hofmann, Compt. rend. 
Ivii. 25.) 

LSVOAZOLITMIV. See Litmus. 

UnrCSTaVBBROZTS. A variety of chlorite (i. 914) from Slatoust in the 
UrdL Breithaupt regards it as an altered chlorite. Komonen found in it only 8'62 
per cent, water instead of 12 62, the percentage in normal chlorite. Kenngott regards 
it as a distiuct species. 

XtXZUCZC ACID. CTI^O 1 . (Streckcr, Ann. Clt. Phurm. lxviii. 55 ; Goss man, 
ibid.x ci. 135; Waage, ibid, cxviii. *295; Thudichum, Client. Sue. Qu. J. p. xiv. 307; 
Fra nklan d, Proc. Koy. Soc. xii. 396 ; Frank! and and Duppu, ibid, xiii. 140.) — 
An acid, homologous with lactic acid, produced : — 1. From limine . — a. When nitric 
oxide gas is passed through a solution of leucine in strong nitric acid, nitrogen is 
evolved and leucic acid is formed (St rocker). The same reaction takes place when 
nitrous acid is passed through a solution of leucine in warm water (Thudichum), or 
water slightly acidulated with nitric acid (Waage): 

OTP’NO* .+ UNO 3 - C*H ,a O* + N 3 -»• H 3 0. 

Leucine. Nitrous Leucic 

acid acid. 

Call ours had previously observed (Compt. rend, xxvii. 368) that a peculiar acid is 
formed when an aqueous solution of leucine is left to itself. — 3. When chlorine gas 
not in excess is cautiously passed through a solution of leueino in caustic soda, leucic 
neid is formed and may bo separated from the mixture in the same manner as benzo- 
glyrollic acid (i. 548) from hippurie acid. (U busman u.) 

2. Fro m oxalate of ethyl , by the action of zinc-ethyl. The direct product of this 
action is probably zineoleueic ether, It body not isolated, thus [zn = 32‘5«- j zn] : 

C«1I'«0« + - C'II'“(j!tiC ? H')0' + zn(C»H*)0. 

Oxalate of Zinc-ethyl. Zineoleueic Kthylnte 

ethyl. ether. ol jtme. 

Thu zineoleueic other is converted by the action of water into leucic other: 

C*II lo xfi(C*II s )0* + JLO = C' , II ,, (C 3 I1 J )0" + znllO; 

Zineoleueic ether. Leucic ether. 

and from this, the barium-salt, and thence the acid itself, is easily obtained. (Frank - 
1 a nd.) 

Preparation. — 1. Pure leucine is dissolved in boiling water slightly acidulated with 
nitric acid ; nitrous acid gas is passed through the warm solution as long as nitrogen 
continues to escape; t ho liquid, which turns brown and gradually deposits brown flakes, 
is left to cool, then agitated several times with ether; and the ethereal extracts are 
evaporated. The residue is a brown oily liquid not miscible with water, which 
gradually solidifies to a radio-crystalline mass. The aqueous solution, freed from leucic 
acid by repeated agitation with ether, left on evaporation a considerable quantity of 
nitro-leucic acid. — To purify the crude leucic acid thus obtained, it is dissolved in a 
large quantity of water (a smaller quantity dissolves it but imperfectly); the boiling 
liquid is mixed with an aqueouB solution of acetate of zinc ; and the precipitated lo acute 
of zinc is washed on the filter with water (which dissolves but a small quantity of it), 
purified by recrystallisation from alcohol, then suspended in water, and dci-omjosed by 
^sulphuretted hydrogen. The filtered solution is but very slightly coloured, and when 
to a syrup and left to stand, yields leucic acid in colourless needles. If, on 
the other hand, the zinc-salt be suspended in alcohol and decomposed by sulphuretted 
hydrogen, the acid is obtained in hard, brittle prisms. (Waage.) 

2. Thudichum passes nitrous acid gas, through a warm aqueous solution of lendne; 
evaporates, with addition of leucine, ta Neutralise the f roe nitric acid, and prevent it 
from oxidising the leudc acid; agitates the syrupy residue with ether (or extracts the 
leucic acid from the aqueous solution by agitation with ether, without previous evapora- 
tion ; in which case, however, the treatment with ether must lie repeated * great 
number of times) — and purifies the crude leucic acid from adhering brown oil, either 
by solution in cold water, filtration and recrystalli nation,— or by strongly presume tho 
coloured crystals between bibulous paper— or by precipitating the aqueotis Solution 
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witbflfcetate of lead, decomposing the washed precipitate with sulphuretted hydrogen, 
auct evaporati ng the filtrate either over the water-bath at a very moderate heat, or 
over sulphuric acid. 

3. Oxalic ether is mixed with its own weight of zinc-ethyl, in a vessel sur- 
rounded by cold water, to prevent rise of temperature and the consequent occurrence of 
a secondary reaction, attended with the evolution of large quantities of ethylene and 
hydride of ethyl; towards the end, however, the reaction requires to be assisted by the 
application of a gentle heat. The mixture, which generally remains fluid, is mixed after 
cooling, with its own volume of water (whereupon torrents of hydride of ethyl, derived 
from excess of zinc-ethyl, are evolved), and subsequently distilled in a water-bath. 
Weak alcohol containing an ethereal oil in solution then passes over, and a further 
quantity of the oil may be obtained by adding water to the residue in the retort, and 
continuing the distillation on a sand-bath. The oil is precipitated from the alcoholic 
distillate by water, added to that which floats on the surface of the watery distillate, 
then dried over chloride of calcium, and rectified. The principal portion, which distils 
between 174° and 176°, consists of leucic ether. (Fran kl and.) 

The process may be greatly simplified, and a larger product obtained, by generating 
the zinc-ethvl during the reaction, namely by heating a mixture of amalgamated zinc, 
iodide of ethyl, and oxalic ether to the necessary temperature. The operation may bo 
considered complete when the mixture has solidified to a resinous-looking mass ; and 
this, when treated with water as above, and distilled, yields a considerable quantity of 
leucic ether. (Frankland and Duppu.) 

The leucic ether heated with hydrate of barium, is converted into leucate of barium, 
and this when decomposed by dilute sulphuric acid, yields a solution of leucic acid. 

Properties. — Leucic acid forms colourless needles (Strecker); needles or hard, 
brittle prisms, of the tri metric or monoclinic system, according to the mode of prepa- 
ration (Waage); radiary group of needles, having a mother-of-pearl lustre, with a 
beautiful variety of concentric markings, like those of some kinds of larch-agaric 
(Thudichum); it is heavier than water, and cuts like hard soap, almost like stearic 
acid (Thudichum) ; it has an acid teste, and reddens litmus (Thudichum); a bitter 
taste, and strong acid reaction (W aage). It melts below 100° and solidifies on cooling 
(Thudichum); melts at 73°, and sometimes solidifies at a few degrees below the 
melting point, sometimes remains liquid even when cooled to 0° (Waage). It is 
easily soluble in water and in alcohol , soluble also in tther. 

Decompositions. — 1. Leucic acid volatilises at 100°, apparently without decomposi- 
tion. When it is placed on a watch-glass and heated over the water-bath, the sides of 
the glass become fringed with crystals of the sublimed acid, which dissolve easily in 
water, leaving, however, a few flocks, probably consisting of the anhydride. The inass 
which remains in the middle of the watch-glass is syrupy, dissolves in water only 
after prolonged boiling, but is easily soluble in alcohol and ether; it probably also con- 
sists of leucic anhydride (Waage). The ucid heated for some time in the water-oven, 
continually gives off acid-smelling vapours, and does not afterwards solidify on cooling, 
but remains in the form of an unerystallisable, dark-brown, smeary syrup ; the anhy- 
dride, which has a very disagreeable odour, remains unchanged, even when left over 
oil of vitriol for weeks, and is nearly insoluble in water, separating from it like an oil 
and sinking to the bottom. A small quantity of this insoluble compound is likewiso 
formed, when the aqueous solution, even if dilute, is heated to the boiling point or 
evaporated (Thudichum). Leucic acid may be boiled with water without decompo- 
sition, and traces only of it distil off with the water*(Frankland). — 2. Leucic acid 
strongly heated in the air , gives off thick fumes aqd blackens, then takes fire and burns 
with a yellow smoky flame, leaving a small quantity of charcoal, which is quickly and 
easily consumed. (Thudichum.) t ■ 

leaoatoi. Leucic ucid forms crystnllisable salts, the composition of most of 
which may be represented by the formulae, M'OH'W and M"(OH ,, 0 J )*. They are 
analogous in composition to the lactates, the acid being diatomic and monobasic. An 
acid silver-salt has, however, been obtained, having the composition C®H ,, AgO , .C f H , *0\ 
The leucates are for the most part obtained by boiling the aqueous solution of the 
acid with the corresponding carbonates (Thudichum). They are less soluble than 
the lactates iu water, more soluble in alcohol. (Waage.) 

Leucate of Ammonium. — The acid slightly supersaturated with ammonia, and 
evaporated, leaves a thick homogeneous residue, in which no trace of crystallisation can 
be observed, evon after drying for several weeks over oil of vitriol. (Thudichum.) 

Leucate of Barium. , Ba^C^H 1 ^ 2 )*. — Obtained by digesting the aqneoua acid 
with carbonate of barium, or by heating leucic ether with hydrate of barium, separating 
the excess of baryta by carbonic acid, filtering and evapor.it ing (Frankland, 
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ter* 

'W ft ft go, Thudichum). It dissolves with moderate facility in warm water 
alcohol, and separates from boiling alcohol in beautiful colourless, silky* 
crystals, which, like most loucates, retain something of the appearance ff 
(Waage.) 

Leucate of Calc turn, Ca # '(C‘ , H n O*)*. — An aqueous solution of the acid neutralised 
with chalk or milk of lime, and loft to evaporate, yields tho calcium-salt in fin© needles, 
easily soluble in water and in alcohol. 

Leucate of Cobalt , Co'^CMD'O*) 1 . — The dilute aqueous acid boiled with execs* 
of carbonate of cobalt, then tiltorod and evaporated, deposits light, crusts of a pink 
colour while moist, but of a very pale rose-colour or almost white when dry. Thn 
salt is but sparingly soluble in cold water, and not much more soluble at. the boiling 
heat. It crystallises in needles, which, under the microscope, appear to be arranged 
iu globular masses. (T h u d i c h u in.) 

Leucate of Copper . — When a dilute aqueous solution of leucie acid is treated with 
a dilute solution of ammonio-sulplmte of copper, the colour of the copper-suit changes 
to light-green. On boiling the liquid, it becomes paler, and on cooling dqHwits light 
green granules of leucate of copper. Under high powers of the microscope, these 
granules appear as balls, formed by a rad i ary arrangement, of needles (Thudichum). 
A solution of leucic acid mixed with acetate of copper, forms a green flocoulent precipi- 
tate, very sparingly soluble in water, even at the boiling heat, but easily crystallised 
from boiling alcohol, from which it separates in very beautiful light blue, shining, 
bulky scales, which do not undergo any diminution in weight ut 100°. (Wuago.) 

Leucate of Lead . — On adding acetate of lead to a solution of leucic acid or a 
leucate, a copious white flaky precipitate is formed, which on boiling dissolves almost 
entirely in the liquid. Any portion remaining hndissolved melts into a white mass, 
which is soft like resin while warm, but becomes brittle and hard on cooling. This 
substance is insoluble in water and alcohol, even on boiling, and seems to be a basic 
salt. 

If the solution of load is added to a boiling solution of tho acid, no precipitate 
ensues, acid vapours arc evolved, and the liquid becomes milky on cooling. In a short 
time, it deposits the lead-salt as a light, granular, white mass, which, under tho micro- 
scope, appears to bo made up of a multitude of strongly refracting spherical masses, of 
the size of human blood -corpuscles. This salt is more easily soluble m an excess of tho 
acetate than in water. It is easily soluble in spirit of wine, particularly in boiling 
spirit. Even in these solutions, basic salts are easily formed. The addition of water 
to these solutions produces a precipitate. (Thudichum.) 

Leucate of Magnesium. — Sparingly soluble in water, deposited in crusts on 
evaporation. (T h u d i c h u in.) 

Leucate $ of Mercury. — Mercuric Leucate may bo prepared: — a. Directly, by 
dissolving freshly- precipitated moist mercuric oxide in aqueous leueic acid. A flaky 
precipitate gradually ensues, which on heating becomes red and granular, and ad heron 
to the sides of the glass. On cooling, a new precipitate, consisting of whitish globules, 
is deposited. — b. By adding mercuric nitrate to an uqueous solution of leucic acid, * 
whitish-red precipitate is formed, which dissolves on boiling, and on cooling is again, 
dejiositod in reddish granules. — c. By adding the mercurial solution to the leucate of Ml) 
alkali-metal. 

Mercurous Ijeucate . — When a solution of mercurous nitrate is added to n solution of 
leucic acid a slight turbidity ensues. The addition of carbonate of sodium produces a 
copious reddish-white precipitate, which, on boiling, becomes red, then dull grey, and 
dejioaita metallic mercury. (Thudichum.) 

Hie leucates of mercury have a great tendency to become reduced. The mercuric 
"alt easily passes into the mercurous salt. The mercuric salt, moreover, has a groat 
tendency to become basic and insoluble. (Thudichum.) 

Leucate of Potassium is produced by the action of aqueous potash on leucic 
ether, and separates as a semi-solid soap on the surface of the potash-solution, if the 
latter is concentrated. (F r a n k 1 a n d. ) 

Leucates of Silver.— a. Tho neutral-salt , OTD'AgO*, is obtained by adding 
nitrate of silver to tho solution of the acid neutralised with ammonia, or by 
boiling the acid with oxide of silver, and may be rendered quite colourless by recrys- 
tallisation from boiling water, in which it is moderately soluble. It is anhydrous 
Nitrate of silver added to a warm solution of leucate of ammonium, potas- 
sium, or sodium, forms a copious w'hite crystalline precipitate, which i ncreases as the 
liquid cools, and blackens if left in the mother-liquor (Thudichum)- h contains 
462 per cent, silver (W a a g e) ; 44 14 (T h u d i c h u in ) ; calc. 46' 1 1) per cent. 

Acid salt, C 4 II" AgO\C*II ,z OV - -A hot dilute solution of leucic acid decompose* recently 
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L carbonate of silver, with effervescence. The excess of the carbonate of silver 
■" lived portion' of the leucare become blackish-gTey, but the acid is not 
^ | ae d The hot filtrate forms no deposit on cooling. The attempt to 
o ver the water-batli produces a black precipitate of reduced silver. It 
ore, be evaporated in vacuo over oil of vitriol. After prolonged standing, 

W^rystaK of a glassy lustre and appearing under the microscope as groups of 

rhombic plates, are deposited at the margin of the dish. The liquid then becomes 
covered with a pellicle, and evaporation is impeded. At a later stage conglomerates of 
needles are deposited, which, when carefully dried over sulphuric acid in vacuo, 
appear a little blackened, like most silver-salts, but are not decomposed. Silver by 
analysis 26*97 per cent. ; the formula requires 29*1 per cent. (Thud i chum.) 

Leucate of Sodium . — The aqueous acid neutralised with carbonate of sodium, and 
evaporated, leaves a syrupy residue covered with a crystalline crust. When this syrup 
is loft over oil of vitriol, crystals form in it, which under the microscope exhibit a cha- 
racteristic tub-shape, with rhombic plates interspersed here and there. (Thudichum.) 

Leucate of Zinc, Zn"(C H ll ,, O s )*. — This salt is obtained by neutralising the diluto 
acid at the boiling heat with carbonate of zinc, and filtering at the same temperature. 
The solution deposits a thin crust on cooling. Evaporated over the water-bath, it 
soon becomes covered with a crust, and on cooling deposits bulky masses of needles, 


which must be separated by filtration, pressed between bibulous paper, and dried by 
exposure to the air or over tho water-bath. The best crystals are obtained from a 
solution containing excess of leucic acid (Thudichum). For Wuage’s mode of pre- 
paration, see page 57 5. 

The salt is snow-white, with splendid silky lustre ; oxhibits under the microscope 
the appoaranco of masses of needles (Thudichum); extremely light scales, of 
dazzling whiteness and silky lustre (Waagc). It is sparingly soluble even in boiling 
water, less in cold water (Thudichum) ; dissolves in 300 pts. water at 16°, and in 
204 pts. boiling water ; more sulublo in alcohol (W aage). The air-dried salt contains 
Zn"(C 6 H ,, 0 , )*.H s O l and gives off its wator (51 per cent.) at 100° ( Waago). Tho 
anhydrous salt givos by analysis, 43*87 per cent, carbon, 6*39 hydrogen, and 20 10 
zinc, the formula requiring 44*01 carbon, 6*72 hydrogen, and 19*92 zinc (Thudichum). 
Sulphydric acid precipitates the zinc completely (VVauge); according to Tlmdiehum, 
on the contrary, tho precipitation is only partial, even after the solution has been 
repeatedly saturated with the gas. 

UBTTCXC ETHER. Leucate of Ethyl, CTPO 3 = CW^II^O®. — Tho formation 
and preparation of this compound by the action of zinc-ethyl on oxalic other have 
already been described (p. 675). It is a colourless, transparent, somewhat oily liquid, 
possessing a peculiar penetrating ethereal odour, and a sharp taste. It is insoluble in 
water, but dissolves readily in alcohol and ether. Specific gravity 0*9613 at 18*7°. 
Boiling point, 175°. Vaj)Oiir-dcnsity, ol>s. =» 6*241 ; calc. 5*528. Treated with 
hydrate of barium or potassium, it yields the corresponding salts of leucic acid. 
(Jr ran kl and.) 

' XJpVCXIVBXW-StnC'PHTmxC ACID. See Indw-sulphuric acid (p. 268). 

?V XiSVCINB. C <i H l3 NO J . Formerly called Aposepcdine and Caseous Oxide. (Proust, 
Ch. Phys. [2] x. 40; Hr aeon not, ibid. xiii. 119; Mulder, J. pr. Chom. xvi. 
Ann. Ch. Pharm. lxix. 20; Laurent and Gerhurdt, Ann. Ch. Phys. 
{3f X»V. 321 ; Cahours, Compt. rend, xxvii. 265; Limpricht, Ann. Ch. Pharm. xciv. 
243; Oossmann, ihid. xc 184 ; xei. 129 ; Streck^r, ibid. Ixviii. 54; Gin, xi. 426.) 
— This substance was first observed by Proust, in J81 8, as a product of the putrefaction 
of cheese; and Braconnot in 1820 found it amogg tho products of decomposition of 
animal substances by sulphuric acid ; Mulder, hi F8$8, showed that tho two substances 
thus obtained were identical. 

It is homologous with glycocine (C J IPN0 2 ) and alanine (C^’NO*), and may be 

IP W 

regarded as lactamic acid, (C®!! 10 ©)" being related to leucic acid in the same 

manner as glycocine to glycollic acid, and alanine to lactic acid. 

Occurrence.— In old cheese (Proust). In fresh calfs liver (Liebig, Chem. Briefc, 
3 Aufl. 453) ; also, together with tyrosine, in the human liver, in certain cases of 
disease, but not in the healthy liver (Frerichs and Stadeler, Jahresber. 1854, p. 
675). According to later researches by these chemists (ibid. 1856, 702 ; 1858, 560), leu- 
cine and tyrosine are very widely diffused in the animal organism. Leucine also exists, 
together with taurine, inosite, and uric acid, in the tissue of the lungs (A. CloStta, 
Ann. Ch. Pharm. xcii, 289). According to Gorup-Besanez, Ann. Ch. Pharm. 
xcviii. 7), it occurs in many parts of the glandular system, viz., in the thymoid and 
thyroid glands, in the liver, and especially iu the pancreas. It has been found also in 
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the brain of oaten (W.'lfjiUwr, Ann. Ch. Pharm. dii 181); in the j 
(Scherer, Jahresbe*. 1869, nC 610); in the stomach ^hnd intestines ■ 
butterflies (Schwarsenbacn, ibid. 1857, p. 538), and in the fly-agaric^ 
carius. (Ludwig, ibid. 1862. p. 616.) 

Formation. — 1. In the decomposition of gelatin, muscular flesh, legumin 4 
white of egg, according to Mulder), by sulphuric acid (Bra con not); togetherwfbtta 
small quantity of glycocine (Mulder). Gorup-Besanes also (Ann. Ch. Pharm. 
cxviii. 230), by treating wool with sulphuric acid, obtained, together with volatile acids 
and a large quantity of ammonia, about 3 per cont. of tyrosine, and a rather large 
quantity of leucine containing sulphur. The leucine was obtained free from sulphur 
by dissolving it in rather dilute potash-ley, boiling it with a solution of lead-oxide in 
potash, filtering from sulphide of lead, neutralising the filtrate with sulphuric acid, 
evaporating to dryness, boiling the pulverised residue with alcohol, and leaving the 
solution to crystallise. 

2 . By heating horn with dilute sulphuric acid (Hint orb ergor), also together with 
tyrosine, by heating elastic tissue, especially the cervical ligament (Zollikofcr), or 
feathers, hedge-hogB’ spines, human hair, the wing-cases of cockchafers, or globulin and 
hrematin from ox- blood (Leyer and Keillor, Ann. Ch. Pharm. lxxxiii. 332), or silk 
(Hint erberger, Wieu. Akad. Bor. xi. 450) or eonchiolin (Sclilossberger, Zoitschr. 
Ch. Pharm. 1860, p. 424), with dilute sulphuric acid. Erlenmeyer and Schoffer 
(Zeitschr. Ch. Pharm. 1869, p. 316), by boiling 1 pt. of various albuminous and gela- 
tinous substances with 5 pts. of a mixture of 1 pt. sulphuric acid (II*S0 4 ) and 1£ pts. 
water, obtained the following quantities of leucine and tyrosine: Cervical ligament 
yielded ^ per cent tyrosine und 38 to 46 per cent leucine; blood-fibrin, 2 per cont. 
tyrosine (on evaporating the neutral liquid to abetit 108 to P10 specific gravity), thon 
11 per cent, leucine; flesh-fibrin, not quite 1 per cent, tyrosine, and al»out 18 per cent, 
leucino ; white of hen’s egg, 1 per cent, tyrosine and about 10 per cent leucine ; horn 
(treated with 10 pts. of the above acid mixture), 36 per cent tyrosine, and about 
10 ix?r cent, leucine. The several substances were decomposed by three hours’ boiling 
with the acid as completely as when the boiling was continued for 36 or 40 hours. 

3 . By the action of dilute acids upon indican. (Schunck, p. 247.) 

4 . By boiling white of egg, gelatin, or flesh, with potash-ley, glycocine being formed 

at the same time (Mulder). Hence also, when the juice of mungold-wuri&ol is boiled 
with lime. (Hochstetter, J. pr. Chcm. xxix. 36.) . 

5. By melting albumin, fibrin, casein (Bopp), or horn (Hi nterbergor) with hydrate 
of potassium. 

6 . In the putrefaction of casein or gluten under water (P roust, Mulder); some- 
times abundantly, sometimes only in traces (Cahours). Also, together with tyrosine, 
ammonia, butyric acid, and lactic acid, by the putrefaction of yeast (A. M tiller, J. pr. 
Chcm. lvii. 162, 447). But according to II esse (J. pr. Chom lxx. 34), the sulaitnnco 
regarded by Miiller as leucino contains 3 or 4 per cent, sulphur, and is more Bolubie 
in alcohol than leucine (see Pskudoijsucink, p. 682). 

7. By the action of hydrocyanic acid and dilute hydrochloric ncid, with the kid of 
heat, on valeral-ammouiu (Parkinson, Ann. Ch. Pharm. xc. 144; Limpricht) 

xciv. 243): .. \Vy^ 

NH*.C*H">0 + CN1I + HC1 + 11*0 - C«H"NO» + NlI'Cl. V . 

It was Atalpil by 0 oHbinitnn, 1 hilt tliifildino* is converted into leucino by tho ootiott of 
moist ailver-oxido, according to the equation : 

CTi^NS* + 2Ag”0 * CTI^NO* + 2Ag 9 S; 


hut according to Hofmann (Chem. Soc. J. x. 193), thialdine thus treated gives off 
the whole of its nitrogen in the form of ammonia. 

Preparation. — 1 . Finely-chopped beef, washed with water and then str6ngly 
pressed, is mixed with an equal weight of oil of vitriol, and gently heat**! till it is 
completely dissolved; the fat is skimmed off after cooling; the mixture diluted with 
water amounting to 34 times the weight of the meat ; the liquid boiled for 9 hours, 
with frequent renewal of the water ; tho sulphuric acid removed by chalk ; the filtrate 
evaporated to an extract ; this extract repeatedly boiled with alcohol of 34® Bm. ; the 
resulting alcoholic tincture evaporated ; the dry residue exhausted with cold alcoliol ; 
the residual mixture of leucine and a small quantify of matter preeipitable by tannin 
dissolved in water; a solution of tannin carefully added to it by drops as long as any 
precipitate ensues; and the liquid filtered after a few seconds, then evaporated 
(Braconnot). The leucine prepared by Brecon not appears still to have contained 
glycocine. (Mulder.) „ 

2. 1 pt. of dry albumin, fibrin, or casein, free from fat, is boiled with 4 pts. of oil ot 
vitriol and 12 pts. of water, in an open vessel, tho ebullition being continued for a day 
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- |&&fihe water continually renewed. Or, better : 1 pt. iubstance is dissolved in 
l^frts^f strong hydrochloric acid ; the liquid mixed witb S or 4 pts. of oil of vitriol and 
evapbf&tea over the water-bath till the greater part of the hydrochloric acid is expelled, 
***& 'ftk remaining black-brown pitchy or syrupy mass, in which minute crystals form,’ 
is rTitajMvi d in hot water. Either of these acid liquids is boiled with excess of milk of 
lime <8T*xpel ammonia, then strained through a linen bag; the clear filtrate treated with 
sulphuric acid to precipitate the lime which is held in a solution by a product of de- 
composition ; the excess of acid precipitated by acetate of lead, and the excess of lead 
by sulphydric acid; and the filtrate evaporated to a syrup, from which in a few days 
leucine and tyrosine crystallise. The crystals are freed from the syrupy mother-liquor 
by digestion in 86 per cent, alcohol, and the leucine separated from the tyrosine and 
brown matter by treatment with water, hydrated oxide of lead, and animal charcoal, 
as in the fifth mode of preparation. 

3. 1 pt. of cow-horn shavings is boiled with 4 pts. of oil of vitriol and 12 pts. of wftter 
for 36 hours, the water being renewed from time to time, the liquid then supersaturated 
with milk of lime ; the whole boiled for 24 hours in an iron pot, then strained through 
a conical bag and squeezed, and the liquid mixed with a very slight excess of sulphuric 
acid, filtered, and evaporated ; it then yields at first spherical crystalline masses of 
tyrosine, and afterwanls laminated masses of leucine. The latter are pressed between 
paper, freed from brown matter by washing with absolute alcohol, and crystallised from 
solution in a small quantity of hot wator, tyrosine then separating first, and the mother- 
liquor afterwards yielding leucine, tolerably pure but not quite white. It must therefore 
be dissolved in hot water; digested with a small quantity of hydrated oxide of lead ; the 
liquid filtered; the filtrate freed from lead by sulphydric acid, and the crystallised leucine 
further treated with animal charcoal (Hinterberger, Ann. Ch. Pharm. lxxi. 72). 
H. Schwanert {ibid. cii. 221) boils 2 lbs. of horn-shavings with 6 lbs. sulphuric acid 
and 13 lbs. water for 24 hours, renewing the water as it evaporates, then supersaturates 
with lime, and, after filtering off the gypsum, evaporates the filtrate to 12 lbs. and mixes 
it with a quantity of oxalic acid sufficient to produce a slight acid reaction. The liquid 
filtered from calcic oxalate, and evaporated till a crystalline film forms upon its surface, 
deposits groups of yollowish laminae of leucine mixed with tyrosine, more of which crystals 
may be obtained by evaporating the mother-liquor. The crystalline mass is then dis- 
solved in such a quantity of hot water that the solution on cooling yields crystals of 
tyrosine only; the leucine solution is then decolorised with animal charcoal, evaporated, 
and tho leucine which separates is purified by pressure and recrystallisation from hot 
alcohol. Waago (Ann. Ch. Pharm. cxviii. 296) proceeds in the same way as Schwanert, 
excepting that, after precipitating the last portions of lime with oxalic acid, ho mixes the 
filtrate with sulphate of copper, precipitates the copper with sulphydric acid ; evaporates 
tjie filtered liquid which is then nearly colourless, to the crystallising point ; reerystal- 
liaes the separated leucine from water and dilute alcohol ; and finally decolorises it by 
boiling with a small quantity of hydrate of lead, and removing tho lead by sulphy- 
djM^pcid. The leucine thus prepared still retains 2 percent, ash and a trace of sulphur. 

‘White of egg, gelatin, or flesh, is boiled with potash-ley till it is completely de- 
toaiipftfted; tho liquid neutralised with sulphuric acid, and evaporated ; and the leucine 
fofcr^ed with alcohol. (Mulder.) 

6. 1 pt. of the powder of dry albumin, fibrin, or casein free from fat, is added to 1 pt. 
of hydrato of potassium, heated to fusion in an iron crucible of 26 times the capacity; 
cpid water carefully added after half an hour, when the violent frothing arising from 
the escape of water and ammonia has subsided, and the brown colour which the mix- 
ture at first exhibits, is changed to yellow; if the Uquid be then saturated with acetic 
acid, filtered hot, and gradually cooled, it yields tuits of needles consisting of tyrosine. 
These crystals completely fill the filtrate, when th^fxrocess is well conducted ; on the 
other hand, they are less abundant the longer the fusion has been continued. — The 
liquid decanted from the crystals of tyrosine is evaporated till a crystalline film appears 
on the surface ; then set aside for 24 hours and exhausted with strong alcohol, which 
leaves crystals of leucine and the still remaining tyrosine ; the liquid is mixed with 
alcoholic sulphuric acid, and decanted from the crystallised sulphate of potassium ; the 
alcohol separated from it by evaporation, the sulphuric add by lead, and then the lead 
by sulphydric acid ; and tho solution finally evaporated, whereupon it yields crystals of 
leucine and a greasy syrup, the quantity of which is less in proportion as the fusion 
has been longer continued. To purify the leucine from tyrosine and a small quantity 
of brown colonring matter, it is dissolved in such a quantity of hot water that only a 
small quantity of leucine may separate on cooling, together with the tyrosine ; the 
mother-liquor is digested with hydrated oxide of lead, which removes the colouring 
matter together with a small quantity of leucine ; tho filtrate is treated with sulphydrie 
acid; and the filtrate thus obtained, which has merely a yellowish colour, is evaporated 
in a flask till a crystalline film forms on its surface. It then, on cooling, yields crystals 
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o t leneine, which. '#uhed with cold water and alcohol, and decoloris#!. hr 

treatment with animil chaietwrand recrystallisation.—If the object be merely to ofctMft 
leucine, and not tyrosine, it is sufficient to heat the potash-mixture till the strokes* 
intumescence is oyer. At that stage of the process, the same quantity of leucine is 
formed, but no tyrosine. (Bo pp.) ^ - 

6. One pt, of cheese, muscular flesh, or white of egg, is loft to putrefy wither pit. 
of water for six weeks at a temperature somewhat above 20° ; the resulting turDid 
solution boiled with a small quantity of milk of lime ; the lime precipitated by a very 
slight excess of sulphuric acid ; the filtrate boiled down and precipitated by neutrul 
acetate of lead; the decanted liquid treated with sulphydric acid ; the filtrate evaporated 
to a syrup ; and the leucine which crystallises therefrom, is freed ftom the remaining 
syrup by means of alcohol, and purified by solution in water, treatment witli hydrated 
oxide of lead and sulphydric acid, crystallisation, and washing with cold water and 
alcohol. When tho above-mentioned alcoholic solution of the syrup is evaporated to 
complete dryness, and the residue dissolved in absolute alcohol, the solution still 
deposits a small quantity of leucine. (Bopp.) 

7. The cervical ligament of the ox, after being freed from the surrounding fibrous 
tissue by boiling with water containing acetic acid, and subsequent scraping with a 
knife, and (if necessary) from fat by digestion in ether, is boiled for 48 or 60 hours 
with dilute sulphuric acid (8 pts. oil of vitriol to 12 pts. water), the water being re- 
placed as it evaporates. The resulting solution is mixed with a slight excess of thin 
milk of lime, and boiled for some hours ; the filtrate exactly neutralised with sulphuric 
acid and evaporated; and the liquid, after filtration from tho separated sulphate of 
calcium, is again evaporated : it then yields, especially on cooling, impure leucine, 
which may bo purified by recrystallisation from hot alcohol. This process is p^uliarly 
advantageous, oa the acid mother- liquors crystallise to the hist drop, yielding nothing 
but leucino. (Zollikofer, Ann. Ch. Pharm. lxxxii. 162; compare Ubssmann, ibid, 
xci. 130.) 

8. Valeral-ammonia is l>oiled in a retort with hydrocyanic and hydrochloric acids 
till tho oily layer consisting of the fused ammonia-compound has completely dis- 
appeared; the solution is then left to itself till the greater part of tho resulting 
chloride of ammonium has crystallised out ; tho hydrochloric acid removed by means 
of hydrated oxide of lead, and the lead by sulphydric acid; the filtrate is evai>oriited 
over the water-bath, and the residue dissolved in hot dilute alcohol : tho solution thus 
obtained yields crystals of pure leucine. (Limpricht.) 

I*ropcrlie8 . — Leucine crystallises from alcohol in soft nacreous scales, lighter than 
water and resembling cholesterin. It sublimes completely at 170°, in cdtton-liko 
flocks without fusion or decomposition (M older); according to Schwanert, o® tho 
contrary, it melts at 170°. It is sparingly soluble in cold, but dissolves easily in 
hot water; sparingly in alcohol of ordinary strength (in 668 pts. of cold alcohol of 
specific gravity 0828 according to Mulder), very sparingly in alwwlute alcohol. 
According to Zollikofer, it dissolves in about 27 pts. of cold water, in 1040 pts. ofjpold 
alcohol of 96 per cent., and in 800 pts. hot alcohol of 98 per cent. It is insoluhfein 
ether. Its solubility in water and alcohol is increased by the presence of acotte i.lHSjwt’ 
or an alkaline acetate. 

Decomposition 8. — 1. Leucine heated to 180°, yields a yd low distillate having All 
ammoniocal odour, and solidifying in tho cold, while a brown resinous mass re- 
mains in the retort. The alcoholic solution of the distillate has an alkaline reaction, 
and when treated with hydrochloric acid, gives off carlnunc anhydride, and yields A 
solution containing hydrochloride of amylamine, together witli sal-ammoniac. The 
resolution of the leucine into carbonic anhydride and amylamine, which is the princi- 
pal reaction, is similar to that of phenyl-carbamic acid into carl >onic anhydride and 
phenyhumne, and shows that leucine may be regarded as amyl-carbamic acid : 

OH'WO 1 — CO’ + C 6 U"N. (Schwanort.) ' 

Leucine. Amylamine. 

—2. Leucine heated in contact with the air bums readily, and with a white flame. 
—3. An alkaline solution of leucine exposed to the action of ozone, yields carbonic acid, 
butyric acid, and other volatile fatty acids, ammonia, and probnbly also, in the earlier 
stage of the decomposition, cyanic acid and valoraldehyde (Oorup-Besanea, 
Ann. Ch. Pharm. exxv. 210).— 4 . Leucine is decomposed by chlorine , forming a hard 
brown body, similar to that obtained with glycocine (R 903), and a red volatile liquid 
(Mulder). When chlorine is passed into water in which leucine is suspended, car- 
bonic anhydride is evolved, and a turbid solution is formed, from which an oily liquid 
separate*, consisting of h mixture of valcronitrilo and cbloro-valeronitrile (CWCIN): 
the solution contains hydrochlorate of leucine (8c h w a n e r t). — 6. Sulphuric anhydride 
is rapidly absorbed by leucine, forming a brown viscid liquid, which At 100° give* off 
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carbonic and sulphurous anhydrides, and if then distilled with water, yields a fra- 
grant liquid boiling at 97°, and forming crystalline compounds with the acid sulphites 
of the alkali-metals ; probably, therefore, valeraldebyde (Schwanert). — 6. Leucine 
heated for some time with a sufficient quantity of nitrio acid, is completely resolved 
into gases, but so long as the decomposition is incomplete, the still remaining portion 
exhibits the characters of nitrate of leucine (Mulder). — 7. When nitric oxide is 
passed into a solution of leucine in nitric acid, nitrogen is evolved, and lencic acid, 
is formed (Strecker, p. 575). The same acid is formed when chlorine is 
passed, not in excess, into a dilute solution of leucine in caustic soda (Goss m an n). 
—8. Chlorine gas passed to saturation into a solution of leucine in carbonate of potas- 
sium, forms chloride of cyanogen, valerianic acid, and valeronitrile (Gossraann), 
—9. Leucine distilled with peroxide of manganese and dilute sulphuric acid yields 
valeronitrile and carbonic anhydride : 

C*NIT*0 2 + O 2 ~ C S H“N + CO 2 + 2II 2 0. 

When stronger sulphuric acid is used, valerianic acid passes over, and the residue con- 
tains ammonia. When leucine is distilled with peroxide of lead and water, only a 
trace of valeronitrile passes over, but a large quantity of butyral and then ammonia, 
which crystallise together in the form of butyral-ammonia, — 10. B y permanganic add 
it is resolved into ammonia, oxalic acid, and valerianic acid (Neubauor, Ann. Ch 
Pharra. cvi. 69). — 11. Leucine fused with hydrate of potassium , gives off ammonia and 
hydrogen and forms valerate of potassium (Liebig, Ann. Ch. Pharm. lvii. 127). 
12. An aqueous solution of leucine emits a very offensive odour, and forms a peculiar 
acid, perhaps leucic acid (Cahours). — In a vacuum, the aqueous solution of leucine 
appears to remain undecomposed (Goss m an n). — 13. When a solution of 1 pt. of 
leucine in water is set aside for somo weeks in contact with a quantity of moist fibrin , 
which in the dry state would weigh £ pt., putrefaction takes place, the greater 
part of the leucine is decomposed, and ammonia is produced, together with such a 
quantity of valerianic acid as cannot be wholly produced from the fibrin. (Bopp.) 

Combinations. — l. With acids. Leucine dissolves easily in acids, forming crystallis- 
ablo salts. The kydrochlorate , C*H I8 N0 2 .1IC1, forms crystals very solublo in water. Tim 
nitrate , C*H ,S N0 2 .HN0 8 , called also nitroleucic acid, forms colourless needles. Nitrate 
of leucine and barium contains 41*01 per cent, baryta (Mulder). Nitrate of leucine 
and calcium forms mammellated groups containing water of crystallisation. Nitrate of 
leucine and magnesium forms small granular crystals. Leucine also forms a crystalline 
salt with nitrate of silver. These salts have probably the formula C*II ,8 N0 2 .MN0 s . 

2. With bases. Leucine dissolves readily in Caustic alkalis, but without neutralising 
them. The aqueous solution of leucine does not precipitate the solution of any metallic 
salt excepting basic acetate of load. 

Cupric salts. — Recently precipitated cupric oxide dissolves readily in aqueous leucine, 
forming a bluish liquid, which, on cooling, deposits crystalline grains or lamime 
having the colour of ammouiacal sulphate of copper, and containing Cu0.2C*H ,3 N0 2 

ojp C^H^CuN^O'.IPO. (Gossmann.) 

Lead-salts. — On cautiously adding ammonia to a boiling aqueous solution of loucine 
and neutral acetato of lead, nacreous scales arc deposited containing Pb0.2C*H !8 N0 2 or 
C'*H 24 Pb"N 2 0 4 .H 2 0 (Strecker, Ann. Ch. Pharm. Ixxii. 89). Gossmann obtained a 
salt of the same composition ; but in one experiment, perhaps in consequence of a 
peculiar degree of concentration, ho obtained laminated groups of crystals resembling 
lepidolite, and containing 9Pb0.2C a H ,3 N0 2 . „ 

Mercuric salt. — Recently precipitated mercuric, oxide dissolves very readily, and in 
considerable quantity in aqueous leucine; and th^jolution, when evaporated, deposits, 
first crystalline granules and afterwards laminae'. Containing 47*3 per cent, mercuric 
oxide: therefore H£0.2(^NH ,8 0 2 or C l2 H 24 lIg' N*0‘.H 2 0. (Gossmann.) 

Aqueous leucine is not precipitated by mercuric nitrate or chloride ; but on addition 
of potash or ammonia, a white bulky precipitate is formed, which dissolves in excess 
of potash : the precipitate gradually becomes gelatinous and decomposes during washing 
(Gossmann). According to R. Hoffmann, on the contrary (Ann. Ch. Pharm. Ixxxvii. 
123), pure leucine is precipitated by mercuric nitrate in white flakes, without red 
colouring of the supernatant liquid, the production of such a colour indicating (he 
presence of tyrosine. , 

Aqueous leucine added to a solution of mercurous nitrate throws down an abun- 
dance of white flocks, the supernatant liquid acquiring a red colour. (Br&connot) 
fMndolSaolne. This name is applied by Hesse (J. pr Chera. Ixx. 34) to a 
sulphuretted compound nearly related to leucine, found by A. Muller among the 
products of the decom poses of yeast (p. 679). It contains 3 or 4 per cent sulphur, 
pud is perhaps It is more soluble in alcohol than leucine, and when 
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C irified a e completely as possible, forms a white spongy mass composed of shining 
min*. When cautiously heated, it sublimes almost without decomposition. It 
melts at 210°, and when distilled in an atmosphere of carbonic anhydride, yields, 
together with more volatile compounds containing nitrogen and sulphur, a woolly 
mass of acicular crystals resembling phloriain, having the comffesition OMI u NO, ami 
dissolving in dilute soda-ley with evolution of ammonia; this substance is designated by 
Hesse, leuoonitrile, The other products of the dry distillation of pscudolcucino 
are sulphydric acid, hydrocyanic ado, a brownish, tarry, fetid substance, and several 
volatile bases, including ammonia, methylamino, dimethylarnine, tritylamiue, and a 
considerable quantity of amy lam ine. 

LBVOZTS. A silicate of aluminium and potassium, (KAl)Si 2 0* occurring in 
monoraetric crystals, the usual form being the ikosi-totrahednm or tm poached ron, 
hence called leucitohodron (Jig. 180, ii. 125). Cleavage cubic, very imperfect: surface 
of crystals even, but seldom shining. The mineral often occurs disseminated in grains, 
rarely in granular masses. Hardness «=* 55 to 6. Specific gravity » 2*183 to 2 -19. 
Lustre vitreous. Colour ash-grey or smoke-grey, white. St reak uncolourod. Translu- 
cent to opaque. Fracture conehoi'dal. Brittle. Infusible before the blowpipe, except 
with borax or carbonate of calcium, with which* it melts with difficulty to a clear 
globule. Gives a fine blue with cobalt-solution. 

Analyse*. — a. From Albano near Koine (Klaproth, ftritr. ii. 39). — b. From 
Pompeii (Klaproth, ibid.). — c. From Soinimi (Awdejew, P<>g«. Ann. Iv. 107). - 
d. From Vesuvius, eruption of 1811 (Uammolsborg, ibid, xcviii. 113). r. From 
Vesuvius, eruption of 1845 (Ram m els berg, ibid.).—/. From Iticdcn on Lake Lunch 
(Bi s ch of, Chcm . Geologic , ii. 2288): 
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The formula (KjQ)Si’O 4 or K*0 .Al*OMSiO* requires 55 5 8 silica, 23 10 alumina, and 
21*26 potash. The potash is sometimes replaced to a considerable extent by soda, as 
in e. andy*. Abich found in a specimen from Vesuvius a still greater amount of soda. 

Lcucite occurs in volcanic formations, both ancient and modern ; it is abundant in 
trachyte between Lake Laach and Andernach on the Rhino ; the finest and largest 
crystals are, however, obtained from Vesuvius. Near Rome, at Borghetta on tho 
north, and Albano and Frascnte to the south, some of the older lavas appear to bo 
almost entirely composed of it. This leucitic lava is used to form millstones, and 
millstones made of it have been discovered in the excavations lit Pompeii. 

Leucite occurs altered to felspar, nephelin, and kaolin. Loueite altered to glassy 
felspar has been observed on Somma by S cac chi. (D a n a, ii. 231 ; Kammelsberg, 
Miner alchemic, p. 645.) 

LaVOOOTOLZTB. Syn. with Apofhyluth. 

LBVOOHASMXn Syn. with Harmi^b. 

UUOOUVB. An organic base obtained from coal-tar, isomeric with chinoline, 
C^H’N. The two bases having this composition, the one obtained by the dry distil- 
lation of quinine and cinchonine, the other among those of the distillation of coal, 
were formerly thought to bo identical, tpid tho namo chinoline was applied to both. 
Subsequent researches, however, having pointed out important differences between the 
two, especially in their behaviour with iodide of amyl, the base obtained from cincho- 
nine is now distinguished as chinoline, and the coal-tar base (originally called leucol 
by Runge, who discovered it) as leucolino (ar e i. 869). . 

Each of these bases has a series of homologues corresponding witli it, and differing 
in a similar manner from their isomers in tho other series. The following names 
Have been proposed by Greville Williams (Chem. Soc. J. xvi. 377) to distinguish 
the isomeric bases of the two series : 


Coal%eries. Cinchonine teriet. 

Leneoline . . C*H T N . . Chinoline 

Iridoline . . . C ,# H # N . . Lepidine 

Cryptidine . . C’WN . V Dispoline 

The higher homologues of chinoline, as far as C^H^N, have also been obtained; the 
correspon ding bases in the leneoline series are at present flaknown. (Rroc. Roy. Soa* 
*iii. 312.) 
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LBVCOLZTfi. Syn. with PrcNiTE. 

LBVCON1. Si 4 H*O a . — A white substance obtained by the decomposition of 
silicone, S^JPO 1 , under the influence of light and water (Wohler, Ann. Ch. Pharm. 
cxxvii 268). See Shjcitjm. 

UBVCOSrxCA.cn>. Oxy croconic acid, C 5 H 8 0 B . (Will, Ann. Ch. Pharm. cxviii. 
117; Lerch, ibid, cxxiv. 20.)— An acid produced from croconic acid (ii. 110) hj 
oxidation and assumption of water : 

C 6 H*0* + O + 3H*0 * C s H*0*. 

When a solution of croconate of potassium is treated with chlorine or nitric acid, it is 
decolorised and converted into leuconate of potassium, in the latter case with evolu- 
tion of nitric oxide. 

The acid [? prepared by decomposing the barium-salt with sulphuric acid] fowns a 
colourless syrup, which when heated above 100° turns yellow, and is converted into 
croconic acid. It is tribasic, and forms white or pale yellow salts, which are unstable, 
being easily converted into croconates, especially in presence of alkalis. (Lerch.) 

The barium-salt , C 10 H ,0 Ba 8 O' 8 , is obtained as a flocculent, yellowish-white precipi- 
tate by adding baryta- water to the solution of the potassium-salt, prepared as above, 
till it becomos alkaline. (W ill.) 

The lead-8alt y C 1 "II l0 Pb 8 O , ‘*, and the silver-salty C a H 4 Ag 8 0®, are light-yellow precipi- 
tates. 

Potassium-salt . When a solution of croconate of potassium decolorised as above 
with chlorine or nitric acid, is neutralised with caustic potash or carbonate of potassium, 
l.lio liquid, just at the point of saturation, exhibits a transient play of colours, from 
colourless to purple- red, bluish-red and yellowish ; and if the solution is concentrated, 
an abundant yellowish-white precipitate is formed at the same timo, which redissolves 
in a large quantity of water. This precipitate was found by analysis to have the com- 
position OH T KO®, but the lead-salt obtained from it by precipitation with acetate of 
lead exhibited the normal composition C ,# H ,0 Pb a O ,B . whence it is probable that the 
sparingly soluble potassium- salt with 1 at. metal really consisted of the tripotassic salt 
mixed with free leuconic acid (Will). According to Lerch, the solution of the normal 
potassium -salt is decomposed by neutralisation with potash, yielding a small quantity 
of a black salt, probably dihydrocarboxylate of potassium (p. 190), together with 
oxalate and a colourless crystallised potassium -salt, 

LSSVOONXTS.XX.fi. A product of the decomposition of pseudoleucine (p. 683). 

1SUCOPBAKS. A silicate of glucinum and calcium, occurring in syenite, 
together with albifce, elrexjlite and yttrotantalite, on a small rocky islet near the mouth 
of the Langesundfiord in Norway, where it was found by EBmark. It is trimetric, with 
imperfect cleavage in three directions inclined to one another at angles of 63£° and 36|°, 
but usually occurs massive and columnar. Hardness = 3 6 to 4. Specific gravity = 
2*974. It is more or less translucent, with pale dirty green or light wine-yellow colour, 
and yields a white powder, strongly phosphorescent when heated or struck. It like- 
wise becomes electric when heated. It is optically biaxial. Bofore the blowpipe it 
melts to a clear bead with a tinge of violpt, becoming turbid by flaming. Dissolves 
easily in borax to an amethyst-coloured glass; in phosphorus-salt it leaves a skeleton of 
silica; and with a small quantity of carbonate of sodium, it melts to a turbid bead, 
which, with a larger quantity of carbonate of sodium, sinks into the charcoal. With 
fused phosphorus- salt in an open tube, it gives the^eaction of fluorine. According to 
an analysis by Rammelsberg {Miner alchemic^ p. 764), it contains: 

SiO« F GO A1»0> CaO V^MgO Na a O K a O 

47*03 6*67 1070 1 03 23*3? r 6*17 11*26 0*30 - 100*43 

with traces of ferric and manganous oxides, a composition which may be represented 
by tho formula, 4NaF.3(2Ca0.2G0.3Si0 x ). 

Mdinophaney from the zircon-syenite oi Norway, is nearly related in composition to 
laucophane. 

LStTCOPBTLL. A colourless substance isomeric with chlorophyll, supposed by 
Sacc (Jahresber. 1869, p. 661) to be contained in those parts of plants wnich are 
copablo of turning green, and to undergo this change under the influence of oxygen 
rendered active by the agency of light. Tho existence of such ||«ubstance is rendered 
probable, according to Sac£ by the fact that the plasma of those vegetable cells which 
quickly turn green on expdjfipA to light, contains a substance which instantly assumes 
a bright verdigris-green brought in contact with strong sulphuric acid, 

«nd that the same reaction li ^hiftfred by the ready-formed light green granules of 
chlorophyll itself, whereas the plasma of cells which do not turn green in light, does 
not exhibit it. 
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XMTTCOw d UI*. Native di-araeuide of iron, FoAs*, also called arsenosidfrit* 
(see p. 368)* 

UNTCOmCBSW. An ammoniocal solution of orcein slightly acidulated with hy- 
drochloric acid, is completely decolorised by immersing a piece of sine in it. If am- 
monia be then added, a white precipitate called leucorcein is formed, which on 
exposure to the air becomes violet, and finally purple. (See Obckin.) 

XJIVCOTUEZO ACID. Laurent’s Oximide. (Sc hi i epor, Ann. Ch. Pharm, 
lvi. i.)— Formed when an aqueous solution of alloxanic acid (i. 138) is rapidly boiled 
down to a syrup : cold water is thou added, which loaves the leucoturic acid undissolved. 
It is a white ciystftl line powdor, insoluble in cold water, slowly but mthor abundantly 
soluble in boiling water, whence it crystallises on cooling. It is readily soluble in 
aqujfous alkalis, whence it is precipitated by mineral acids, and by the aid of heat de- 
composes alkaline carbonates. The potash-solution is decomposed by keeping or by 
gentle heat* ammonia being evolved, and oxalic acid formed abundantly. The am- 
monia-solution yields on evaporation crystals of the ammonium-salt, whose solution 
precipitates nitrate of silver. Leucoturic acid is not decomposed by boiling with 
strong nitric acid. It appears to bo monobasic. Sehlieper found it to contain 31-15 
per cent, carbon, 2'80 hydrogen, and ‘24-51 nitrogen, whence ho deduced the for- 
mula C , H , N*O s i requiring 31-30 carbon, 201 hydrogen, 24*35 nitrogen, and 41*74 
oxygen. Gerhardt pointed out the improbability of this formula, oh it contains an 
uneven number of atoms of hydrogen and nitrogen. Bneycr suggests tho formula 
^Il'N'O 1 , which requires 33 98 per cent, curbon, l ’89 hydrogen, 26 4 1 nitrogen, and 
3772 oxygen. JJ.’T. C. 

LEVOLV8AN or X»JEVUXOSA19r. A product of the decomposition of cane- 
sugar by heat, haring a laevo-rotatory power of 16° for the transition-tint (ii. 864). 

LEVXOATZON. The mechanical process of grinding the parts of bodies to a 
fine paste, by rubbing them between the fiat face of a stone called the m tiller, and a 
table or slab called the stone. Some liquid is always added in this process. Tho 
advantage of levigation with a stone and mu Her over that of triturating in a mortar 
is, that the materials can moro easily bo scraped together ami subjected to the action 
of the muller, than in the other ease to that of tho postlo ; and, from the fluLness of tho 
two surfaces, they cannot elude the pressure. U. 

A figure and description of a mill for levigating litharge aro given under Leah 
( p. 614). 

M VT HJB . A hydrated silicate of calcium and aluminium, occurring in rliombo- 
hcdrul crystals truncated by the basal face oU, which greatly predominates, and always 
in twins compounded parallel to oU. Anglo It : K *= 106° 4' ; oU : It - 130° 1' ; ratio 
of principal to secondary axes *= 0 8368 : 1. The crystals are often striated and often 
in druses. Hardness «* 4 to 4 6. Specific gravity ™ 2 09 to 2 10. Lustre vitreous. 
Colourless, white, reddish or yellowish. Transparent to translucent. Before the blow- 
pipe it melts to an opaque blebby glass. When pulverised it dissolves in acid* with- 
out gelatinising. 

Analyses, a. b, from Faroe, by Berzelius ; c. from Skye, by Couuc-1 ; d. from Ireland, 
by Dumour (RammeUberg' a Miner alchemic , p. 802) : 
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Bersclius’ analysis gave tho formula of clmbusitc. J tumour's, which contains loss 
silica than tho rest, leads to tho formula : i 

CaO.Al 2 O a .3Si0 3 + 4IPO or (Ca w (AI*)" l II*>Si ,, 0 , *.2H*0, 
which is that of a hydrated orthosilicate. 

Levyne is found in amygdaloid at Glenarm ; on Hatfield Moss, Renfrewshire ; at Da- 
la nyfron, Faroe ; at Godhavn, Disco Island, Greenland ; and at 8kagastmri<i in Iceland. 

I iHlB XOLCTg. A variety of augite from Lake Lborz in the Pyrenees, where it 
occurs both crystallised and lamellar, and of a deep-green or olive-green colour. 

UATUS, According to W. Procter, jun. (Am. J. I^harm, xxxi. 666), cumarin 
occur » in microscopic prisms on the dried leaves ol ltetris odvraturima, , a plant 
growing in the Southern States of North America, ... 

^ Alli'liiJUi m. A native phosphate of C*ptter,*4CuO.P*0* + aq. or Cu^PO 4 )*, 
CuH*O a , found at libcthon in Hungary, and other localities, (Seo Phosphates.) 

e r 2 
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UOtfBVXC ACX9. See Fumaric acid (ii. 741). 

LZOBBVm. C*H ,# 0 3 . (Gm. xv. 119.)— A substance isomeric with starch, occurring 
in several species of moss and lichen, especially in the so-called Iceland moss (Cetraria 
islandica ), which is really a lichen. According to Maschke (J. pr. Chem. lxi. 7), it is 
formed from starch by the action of the free acid in the plant. It is extracted from 
Iceland moss by macerating the chopped lichen for twenty-four hours with a large quan- 
tity of cold water containing a small quantity of carbonate of sodium, and continuing 
the treatment till the liquid no longer tastes bitter. It is then boiled with water, and 
the boiling decoction is strained through a linen cloth. The liquid on cooling coagulates 
to a kind of jelly, which dries up to a hard brittle mass (Berzelius). Pay en removes 
the bitter matter by washing the lichen successively with ether, alcohol of specific 
gravity 0*83 and 0 90, cold water, very weak solution of carbonate of sodium, aqueous 
hydrochloric acid-of the strength of 1 percent., and pure water. Davidson {Ed. 
N. PhiL J. xxviii. 260) macerates 112 lbs. of Iceland moss for a fortnight with 
potash-ley prepared from 4 lbs. of pearl ash, or for six days with milk of lime prepared 
from 6 lbs. of lime, then washes with dilute hydrochloric acid, and finally with 
water. Chloride of lime may also be used for the maceration. Knop and Schnedor- 
mann (Ann. Ch. Pharm. lv. 164) treat Iceland moss with a large quantity of hydro- 
chloric acid, and precipitate the solution/ after dilution and straining, with alcohol. 
The precipitated lichenin is then freed from water and rendered friable by repeated 
treatment with absolute alcohol, and freed from adhering hydrochloric acid by im- 
mersion in running water. 

Tbichenin in the dry state forms a hard brittle mass, tasteless, but having a faint 
odour resembling that of lichens. In cold water it swells up without dissolving, 
dissolves in boiling water, and is deposited in the form of a jelly ; by prolonged boiling, 
however, it loses the property of gelatinising, and is converted into a gummy sub- 
stance, probably dextrin. When the solution in boiling water is left to evaporate, the 
lichenin separates us a rough pellicle on the surface. Xuchenin is insoluble in alcohol 
and ether. 

Dilute acids dissolve lichenin Rnd convert it into glucose. Nitric acid heated with 
it converts it into oxalic acid. Pure lichenin is merely coloured yellow by iodine ; but 
a green or blue colour is often produced, from admixture of starch. 

LXCHXirs. The following enumeration of the proximate constituents of lichens 
is given byRochlcderin Gmelm's Handbuch, viii. 94 : 

Bceomyces roseus, Pers. See analysis by Brandos. (Berl. Jahrb. xxv. 1, 38.) 

Biatora lucida , Fr. Contains usnic acid. (Knop, Gutting, gelehrte Anzeigen, 
1843, 2 u. 3 Stuck, 16 ; and Ann. Ch. Pharm. xlix. 103.) 

Cttraria aculeata , Fr. Contains no cetrarin, but moss-starch (lichenin) and lichenic 
(fumaric) acid. (We p pen, Pharm. Centr. 1838, No. 12.) 

Cttraria islandica, Ach. Contains: fumaric acid (Schodler, Ann. Ch. Pharm. 
xvii. 87) and cellular substance ; starch not deposited in granules, but uniformly dis- 
tributed among the cells (lichenin) ; cetraric acid, lichenstearic acid, tallochlore, fat, 
sugar, gum, yellow extractive matter, a brown substance formed from cetraric acid, 
and a body not exactly determined (Knop and Schn edermann, lv. 144). This 
lichen always contains alumina (Knop, J. pr. Chem. xxxviii. 347). It contains a large 
quantity of a carbohydrate (lichenin) convertible into sugar. (C. Schmidt, Ann. Ch. 
Pharm. li. 29). 

Cladonia digitata, Hoffm. ) 

Cladonia macilenta , Hoffm. [-contain starch. (Knop, loc. cit.) 

Cladonia uncinata , Hoffm. J 

Cladonia pyxidata , Spr. Contains a large quantity of a carbohydrate convertible 
into sugar. (C. Schmidt, loc. cit.) 

Cladonia rangiferina , Hoffm. ( Lichen rangiferina , L.) Contains usnic acid 
(Rochleder and Heldt, Ann. Ch. Pharm. xlviii. 13), and a large quantity of carbo- 
hydrate convertible into sugar. (C. Schmidt, loc. cit.) 

Evemia furfuracea , Mann. ( Parmelia , Ach.) Contains usnic acid (Rochledsr 
and Helot, loc. cit.). See an analysis of this lichen grown on a pine-tree, by John. 
(Chem. Schr. vi. 41.) 

Evemia ochroleuca, Fr. (Parmelia earmentosa, Ach.) Contains.usnic acid. (Knop, 
loc . cit.) 

Evemia prunastri, Ach. Contains usnic and evornic acids (S ten house, Phil. Msg. 
[8J xxxii 300). Rochleder and Heldt found lecanorie, but not a trace of usnic 
acid. . • ' 

Evemia nrfi rina. The experiment# of Bebert (Ann. Ch. Pharm. ii. 342) on the 
so-called vulpmin, seem to show that this lichen contains chrysophanic acid. (Berse* 
tins, Jahreeber. xii. 256.) 
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Gvropbora pustulate, Ach. (Umbelliaria, Hoffm.) From Norway. Contains gyro, 
phone acid. (Stenhouse, Phil. Trans, 1849, p. 458.) 

^Isidium coral linum, Ach. Contains a largo quantity of oxalate of calcium. (Bracon- 
not, Ann. Ch. Phys. [2] xxviii. 319.) 

Jjfcanora Patella , Ach. ( Parmclia , Schaer.) Contains: throe fats, tannin, parol* 
lie acid, lecanoric acid, chlorophyll, and gum, which gives a greenish-blue colour with 
iodine (Schunck, Ann. Ch. Pharm. liv. 257). Tho several species of J^canora oon- 
tain lecanoric acid. (Schunck, ibid. xli. 157.) 

Lecidia Candida, Ach. (Psora, Dec.) Contains a large quantity of oxalate of 
calcium. (Brecon not, loc. cit.) 

Lccidia geographical Schaer. From the Brocken. Contains usnic acid. (Knop, 
loc. dt. ) 

Parmclia ciliaris , Adi. (Barrera ciliaris.) See analysis by Jo h n. (Chem. Schr. vi. 39.) 

Parmclia parictina , Ach. Contains chrysophunic acid, a yellow non -crystal lisable 
colouring matter (Rochleder and Heidi, U cit.), and a carbohydrate convertible 
into sugar (C. Schmidt, loc. cit.) This lichen contains : a yellow and a red colouring 
matter, wax, crystalline stearin, chlorophyll, soil resin, gum, liehenin, vegetable mu- 
cilage, sugar, extractive matter, traces of volatile oil, and phosphate of calcium (Hoe- 
berger, Buchu. Report, xlvii. 179); compare Sun dor (U'hr die Wandjlehtc, 
Sondershausen, 1815 ; and Kastn. Arch. viii. 431); M on n h a rd t ( Dissert, sist. U>bari<s 
parictina Analysin chem. Kielonije, 1818); Schroder (Berl. Jahrb. 1819, p. 44); 
Markowitz (Seller. Ann. i. 438); Thomson (Ann. Ch. Pharm. liii. 252 and 200). 

Parmdia phgsodcs, Ach. Contains crystallised physodin. (Cording, An oh 
Pharm. lxxxvii. 1.) V* 

Parmclia saxatilis, Ach. Contains a small quantity of carbohydrate convertible 
into sugar. (C. Schmidt, loc. dt.) 

Patclliria hematoma, Hoffm. ( Parmdia , Ach .—Patellana rubra , H offm.—Por- 
mclia , Ach. — PateUaria ventosa , Doc. — Parmclia , Ach.) Contain largo quantities of 
oxalate of calcium (Braconnot, loc. cit.). P. hematoma and P. ventosa contain usnic 
acid. (Knop, loc. cit.) . 

PateUaria tartarea , Dec. (Parmclia, Ach.) Contains largo quantities of oxalate 
of calcium (Br.connot, loc. cit.) In a specimen from Norway, Stun h o use (foe. ct/.) 
found gyrophoric acid. See analysis by N. v. Kserbeck (Bor. Arch. xvi. 13o). 

Pcltigcra canina, Hoffm. Contains a carbohydrate convertible into sugar. 
(C. Sell mid t, loc. cit.) 

Pcrtusaria communis, Dec. Contains a large quantity of oxalate of calcium. 

Hacodium ochrolcucum, Dec. ( Parmdia saxicolu, Ach.) and Placodittm radio sum, 
Dec. (Parmclia radiosa, Ach.) Contain very large quantities of oxalate of calcium. 
(Braconnot, loc. cit.) . . , . 

luimalina calicaris, Fr. vur. fastigiata. Contains large quantit ies of starch, colour- 
ing matter and bitter substance, Hnd a small quantity of si urbane acid (Be rzeliu^ 
Seller. Ann. iii. 97). Contains usnic acid. (Uoehlodcr and Ileldt, loc. at.) 

Hamaiina calicaris, Fr. var . fraxinca. The ash contains a large quantity of temo 
oxide, but scarcely a trace of potash (John, Chem. Sclir. vi. 37); soluble and coagu- 
lable albumin (Berzeliu s, Seller. Ann. iii. 208) ; liehenin, and usnic acid (Kochleder 


and llelot, loc. cit.) . . . 

ltocccUa Montagnei, Belen. Contains erythric arid. (St on ho use, loc cit) 
Itoccdla tinctoria , Ach. This lichen (var . fuctformis, from Angola and Madogw- 
car) contains erythric acid (Heercn's erythrin, Ka n e ’ h ery thrum, n. o ), a a J 
substance, roccellic acid, a brown substance extractable by potash, clilorop iy » 
ash-constituents (Schunck, Phil. Mag. J. [31 »ix ;■ 194 ). ^oecrUa 
South America was found by 8 ten house (PbiL Mag. (3 ) xxxn. ) 
a-orsellic acid ; the same lichen from the Cape of Good Hope contained 0- 
and roccellinin. Sten house and Scouler are of opinion tlmt the ltocccUa Unqtorta, 
var. fuctformis analysed by Schunck, was really It. Montagu**. 

Squamaria elegant, F4e. Contains ehrysophamc (Thomson, Ann. Cb. 

r Vh *™' maria^tntigera, Dec. ( Parmdia, , Ach.) Contains a very large quantity of 

of calcium. (Br ac on not, loc. cit.) . . . in,--™ 

Sticta puhnonacca, Ach. Contains liehenin and a bitter principle (Weppcn, Pharm. 
Contr. 1838, No. 12) very near ectraric acid in composition, and named sti ctic acia 
by Knop ud Scbnedermanu (J. pr. Chem. xxxix. 303); compare John(Cbem. 

uixulria escuUnta, Ach. Contain* • large quantity (18 per cent.) of gt>“- 
(Kirchhoff Scher. Ann. iii. 213.) _ , . /n„** B hst 

Ulceolaria teruvota contain* a Urge quantity of oxalate of calcium (Braconnot, 
loc. cit.) 
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Umea barbate, Fr. Contains usnic acid (Ronhleder and Beldt, loo. cit), an<j 
lichenin. (Berzelius, Scher. Ann. iii. 205.) 

Usnea barbate, Fr. var. florida. ( Umea Jlorida , Hoffm.) Contains usnic acid 
(Knop, loo. cit.), and a small quantity of carbohydrate convertible into sugiir. 
(C. Schmidt, loc. cit.) 

Usnea hirta , Hoffm. (27. barbata var. plicata, Fr.) Contains usnic acid (Knop, 
loc. cit.), bitter principle, gum-sugar, lichenin and a soft skeleton (Berzelius, Scher. 
Ann. iii. 203). Contains a largo quantity of carbohydrate convertible into sugar. 
(C. Schmidt,, loc. cit.) 

Variolaria amara , Ach. Contains picrolichenin (Alms, Tharm. Zeit. 1832, No. 2, 
17 ; Ann. Ch. Pharm. 1. 61.) Contains chlorophyll, and a colourless, crystallisable, 
bitter substance, forming with ammonia a red non-bitter resin (Gregory, J. Pharm. 
Juin 1835, p. 314; Pharm, Centr. 1835, No. 39). Contains picrolichenin, two resins, 
chlorophyll, gum-sugar, bitter extractive matter, oxalate of calcium, silicic acid, itan 
and cellulose (A. Muller, Pharm. Centr. 1844, No 47); compare Filhol and Bou- 
chardt. (J. de M<$d. de Toulouse, vii. 201, and Pharm. Centr. 1844, No. 39.) 

Variolaria communis , Ach. (grown on a lime-tree). Contains waxy matter, green 
colouring matter, a bitter and acrid principle, uncrystallisable sugar, oxalate of calcium 
(4‘ 7 per cent.), a substance resembling animal gelatin, &c. (Braconnot, Ann. 
Chim. Phys. [2] vi. 132.) 

Variolaria dealbata , Dec. ( JAchen de.alhatus , Ach.) See analysis by Robiquet (Ann. 
Ch, Thru. [2] lxii. 236), who found variolarin in this lichen, and prepared orcin from it,. 

colouring matters of lichens, see Archil, Ekythrio acid, Evernic Arm, 
acid, Lecanoric acid, Litmus, Orsellic acid, Orcin, Usnic acid, 

LZCfiSN8TXlA.SIC A.CZD. C M H M O a . (Schnedcrmann, and Knop, Ann. Ch. 
Pharm. lv. 149.) — An acid existing in Iceland moss ( Cetraria islandica), and probably 
also in the fly-agaric or toadstool ( Af/aricus muscarius) (Bolley, Ann. Ch. Pharm. 
Ixxxvi. 50). To prepare it, Iceland moss is boiled for a quarter of an hour in alcohol 
containing carbonate of potassium; the strained decoction is mixed with excess of hydro- 
chloric acid ; and the wholo is diluted with 4 or 5 volumes of weter. The precipitate 
thereby formed is washed with water, and afterwards boiled *hree or four times with 
alcohol of 42 to 45 per cent. On cooling the alcoholic solution, a mixture of lichen- 
stearic and cetraric acids with a third substance, is separated, from which the liclien- 
stearic acid is taken up by boiling rock-oil, and again deposited on cooling, or more 
completely on partial distillation. Purification is effected by recrystallising from 
alcohol, with the help of animal charcoal. 

Properties. — The acid forms a loose, white mass, consisting of delicato crystalline 
laminae having a pearly lustre. From a solution in very dilute alcohol it is obtained 
in small rhombic tables ; on concentrating the solution, partly in oily drops. It is in- 
odorous, has a rancid, harsh, not bitter taste, melts at about 120° without loss of 
weight, and solidifies to a crystalline mass ; is not volatile. 

It is perfectly insoluble in water, but dissolves readily in alcohol, ether, and oils, Loth 
fixed and volatile. 

The salts of lichenstearic arid are permanent, in the air, and are decomposed by 
acids, witli separation of lichenstearic acid. Their solutions froth up on boiling. 

Ammonium- salt. — The easily prepared solution of the acid in warm aqueous ammo- 
nia forms, on cooling, a white, elastic jelly, appearing under the microscope to contain 
a quantity of long, extremely delicate crystals. The salt, when dry, is white and silky, 
and only partially soluble in warm water, with loss of ammonia. 

The barium-salt, C 28 H 40 Ba"O <, > is obtained, on pn^cjpi fating the aqueous lichenstcamtc 
of sodium with a soluble barium-salt, as a groyisfc. white precipitate, which cakes to- 
gether in boiling wator. 

The lead-salt, C 3, H 4 *Pb"0*, is obtained, by precipitating the aqueous sodium-salt with 
neutral acetate of lead, in white flakes, which, on boiling the liquid, melt to a yellow, 
semi-fluid mass. It is brittle, softens between the fingers, and becomes semi-fluid at 
100°, at which temperature also it appears to decompose. 

Potassium-salt. — A solution of the acid in aqueous carbonate of potassium throws 
down, when concentrated by evaporation, yellowish flakes, which are soluble in water, 
but insoluble » alkaline liquids. If the solution be evaporated to dryness, and the 
residue extracted with boiling absolute alcohol, a part of the salt is obtained, on 
coolings as an indistinctly crystalline powder ; and the remainder, on concentrating the 
solution, in the form of a syrup. It dissolves easily in water, forming an alkaline 
liquid, which tastes like soap, ana froths up on boiling. 

The stiver-salt is thrown down from a solution of the sodium-salt, by nitrate of silver, 
as a greyish-white precipitate, turning violet on exposure to light, and caking together 
in boiling water. It decomposes below 
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The sodium-salt is obtained in the same manner as the potassium-salt. A ooncen* 
trated aqueous solution throws dowif white granules on standing. 

UaBBUBKITB. A silicate found in a red felspar porphyry on Mount Viesena, 
Fleimser Talley, Tyrol, crystallised in six-sided prisms, without distinct cleavage. 
Hardness «* 3*5. Specific gravity — 2*18. Colour greenish -grey. Fracture splintery. 
Before the blowpipe it whitens and intumesoen, but does not fuse. Contains, according 
to Marignac (Bibl univ. iv. 157), 44 *66 per oent. silica, 36*51 alumina. 1*94 ferric 
oxide, 1*40 magnesia, 9 90 potash, 0 92 soda, and 6 05 water («* 100*38). Marignao 
regards it as pinite (q.v.) ; according to Blum, Breitlmupt, and Haidinger, it is a pseu- 
domorph of nepheiin. It has also boon regarded as an altered diehroite. (Buna, ii. 
226 ; Rammefsberg's Minerafcht'mie, p. 837.) 

LZlBiarra. Cal cio-u runic carbonate. See Cakiionatks (i. 798). 

UBVnr. A substanco containing 53*71 per cent, carbon, 8*95 hydrogen, 4*82 
nitrogen, and 32*52 oxygen, found by Scherer (Jahresbcr. 1851, p. 697) in tho fluid 
of the spleen. 

USVftlTB. Uvaite. Yenitc. — A silicate of iron and calcium, occurring in tri- 

metric crystals in which ooP : oop » 110° 12'; ol* : Pao « 146° 20'; ratio of principal 
axis, brachydiagonal and macrodiagomil -= 0*06 : 1 : 1*46. Observed combination, 
oop . P . oof*2 . OoP2 . ooP3 . ooTM . cct’oo . ocf’ao . P . 3 f 1 or . 'J I’oo . . 2f*2. 

Biteral faces usually striated longitudinally. Cleavage parallel to the longer diagonal, 
indistinct. Also columnar or compact massive. Hardness A* 5 to 0. 6ttSC)fia 
gravity «• 3 8 to 4*2. Lustre submetal lie. Colour black, of various shades. Su^jh|bM||jL 
inclining to grey or brown. Fracture uneven. Brit tle. Before t he blowpipe it 
to a magnetic globule. It is easily and completely decomposed by hot hy 1^1. 

Analyses: 1. Strom eyer {liammelslterg' s Mine rale fumie t p. 740). — 2* RamfneLs- 
borg(»6td.). — 3. Wackcrnagel {ibid.) : 



SiO* 

Fe’O* 

FeO 

MnO 

lc*»o 

A 1*0' 

H-o 


1. Elba. 

29*28 

23*00 

31*90 

2*43 

13*78 

()♦(> 1 

1*27 « 

101 27 

2. „ 

29*83 

22*56 

32*40 

1*60 

12*44 


1 ‘(>0 

100 32 

3. „ 

29*4 5 

26*79 

28*60 

0*94 

15*49 

. 

. «• 

100 27 


These results do not agree very closely with any simple formula, but they may be ap- 
proximately represented by 9M0.2l'VO B .6SiO*. 

Lievrito occurs in the Island of Elba, in large solitary crystals and aggregated erys- 
tall isnt ions in compact augite. It is also found it Possum and Skeen in Norway; in 
Siberia; near Andreasberg in the Hurtz ; near Prcdazzo, in the Tyrol, in granite; at 
Nchnecbcrg, in Saxony ; and near Bytown, Canada. 

Kobell’s Wehrlite , a massive granular mineral from Szurrasko in Hungary, 
containing 34*60 per cent, silica, 012 alumina, 42 38 f» rrie oxide, 16*78 ferrous oxide, 
0 28 manganous oxide, 5*84 lime, and 1*00 water, iH sometimes regarded as lievrite. 
It is, however, harder (hardness = f> to 0*5), fuses with difficulty and only on the edges, 
and is but imperfectly soluble in acids. (Dana, ii. 263.) 

UOHT. Light i2 the agent which makes us acquainted with the existence of bodies 
through the organ of sight. It is likewise one of t he most important agents of chemical 
change. Plants, with few exceptions, are absolutely dependent upon it for t heir exis- 
tence and development; the greater number of animals arc incapable of living in health 
and vigour unless subjected to its influence ; and a variety of chemical processes both 
natural and artificial depend in great measure upon its agency. 

The several views which hare been entertained respecting tho nature of light, may 
bo ranged under two heads, the system of emission, and tho system of undulatious. 
The former, suggested in ancient times by Empedocles and Democritus, afterward* 
adopted by Gassendi, and brought to tho utmost degree of completeness of which it is 
susceptible by Newton, supposes light to consist of minute particles emitted from 
luminous bodies, and travelling through space with immense rapidity till they reach 
the eye. The latter theory, the germ of which may be found in the writings of 
Aristotle, supposes that objects are rendered visible by vibrations excited by luminous 
bodies in an elastic medium, calle 1 the Kthkh, pervading all space, and filling up the 
intervals between the molecules of ponderable 1 iodic*. Ideas similar to this were 
advocated by Descartes, Mallebranche, and Grimaldi ; but it was tn the hands of 
Huyghens that the theory first assumed a definite shape, and was rendered capable of 
aflbraing an exa ct explanation of known facts; and by the sul/sequent labours of 
Young, Fresnel, Cauchy, and others, it has been brought to such a aUto of perfection 
that it is capable of accounting for most of the phenomena of light in their minutest 
details, and has even anticipated many important results, subsequently confirmed by 
observation ; whereas the theory of emission* though it gave a satisfactory account of 



590 


LIGHT. 


most of the phenomena known in Newton’s time, ^.altogether unable to account for a 
vast number of facte which have since been discovered. The wave-theory is therefore 
now universally accepted as the true representative of the phenomena. 

The existence of a fluid or medium, such as the theory supposes to exist in the 
celestial spaces, may be regarded almost as a matter of certainty : for the motions of 
comets are found to be retarded in a manner which cannot be accounted for on any 
other hypothesis. This phenomenon has been particularly studied in the case of Encke's 
comet, which revolves about the sun in a period of three years. this period is 

found to be continually diminishing, showing that the comet is gradually approaching 
the sun, an effect which can only be accounted for by supposing its motion to bo 
retarded by the action of a resisting medium. Moreover, as the light-waves are 
transacted freely, not only through the celestial spaces, but also through air, water, 
glass, and other transparent media, we must likewise suppose that the spaces between 
; $he molecules of these bodies are filled up by the ether. It will hereafter be shofrn 
that the elasticity of the ether is different in different media. 

In the present article, after speaking of the sources of light, wo shall endeavour to 
show how the wave-theory is applied to explain the several phenomena of Kadi at ion, 
Interference, Reflection, Refraction, Absorption, and Polarisation. 

The chemical action of light will be treated in a separate article. 

Sources of bight . 

The sun, the fixed stars, certain meteors, and terrestrial bodies in the states of 
incandescence and phosphorescence, shine by their own light ; all othor bodies^ ter- 
restrial or celestial, are visible only when the light of a self-luminous body falls upon 
them. Our knowledge of the peculiar conditions which render bodies self-luminous 
is not very exact; but assuming that vision is produced by undulations in an all- 
pervading elastic medium, wo must suppose that these undulations are excited by 
vibratory movements in tho particles of luminous bodies. This supposition is more- 
over in accordance with tho conclusions deduced from the phenomena of heat (p. 131). 
The particles of all bodies are supposed to be in a state of constant motion, and it 
depends upon the intensity and rapidity of this motion whether the effect produced on 
our senses by the undulations thereby excited in the surrounding ethereal medium, is 
that of heat alone, or of heat accompanied by light. We shall see hereafter that 
the non-luminous heat-waves aro of less rapid vibration than those which likewise pro- 
duce light. Accordingly when the temperature of a body is gradually raised, it first 
gives out heat unaccompanied by light; but at a certain temperature, the vibrations 
bocome rapid enough to excite in tho ethereal medium, waves which produce in our 
organs the sensation of red light, and at still higher temperatures vibrations are 
produced of a rapidity corresponding to those which excite the sensation of yellow and 
of blue light, which, together with the rod, produce the combined sensation of white 
light. (Seo Radiation of Heat.) 

A body may be raised to the temperature necessary to render it luminous, either by 
chemical notion (combustion) going on within its own mass(e. g. the burning of metals, 
wood, hydrocarbons, &c.), or by heat imparted to it from without, as by the combustion 
of a neighbouring body, by the electric current, by mechanical agency such jib 
friction or percussion, or by the sun’s rays concentrated upon it by a lens or mirror. 
Matter in either of the three states of solid, liquid, and gas, may be brought to the in- 
candescent or self-luminous state; flame, indeed, is merely incandescent gas; but, as 
explained in tho article Comiujstion (i. 1094), solids become luminous at a much lower 
temperature than gases, and give out much more light at any given temperature : 
hence the brightest flames are those which contaituiuspended particles of solid matter 
raised to a very high temperature by the heat of the combustion. 

Tho light of tho ran and of the fixed stars is in all probability duo to incandescence; 
indeed recent observations have shown that the luminous atmosphere of the sun 
contains many of the metals which exist in our own globe, and similar observations 
ha vo been made on several fixed stars. 

Phosphorescence. — Many bodies, under peculiar circumstances, are thrown into 
such a state of vibration that they emit light without perceptible evolution of heat. 
Phosphorus, in the state of slow combustion which takes place on exposing it to the air 
at ordinary temperatures, gives off acid vapours, which shine in tho dark with a faint 
bluish light: hence the term phosphorescent has been extended to all bodies which ex- 
hibit & similar luminosity, from whatever cause it may arise. The phosphorescence 
of decayed bodies of plants and animals, as of dead wood and putrid sea-fish, is 
familiar to every one. The flowers of certain living plants, especially those of a bright 
yellow or red colour, ittt Calendula officinalis , Tropaolum meg us, Helianthus annum, and 
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jtfgpaver orientate , hare been obsert^l to emit a sudden flashing light <m fine summer 
evenings, a little after sunset. Some plants also emit in the dark a faint continuous 
light, probably arising from the combustion of some substance, such as a hydrocarbon, 
emitted fiom them ; this phenomenon has been observed in the leaves of Phytolacca de- 
can dra, which shine at night, sometimes with bluish-green, sometimes with yellowish-green 
light. The acrid milky juice of Cipo de Cananutn (a Brazilian plant, probably of the 
euphorbiaceous order) emits light for several hours, after flowing from a wound in the 
plant. Rhizomcrpha gubterranea , a plant which grows in mines, emits light from its 
■whole surface, but especially from the whitish growing points, and a similar pheno- 
menon has been observed in other subterranean plants. . . . , 

A more familiar kind of phosphorescence is that, exhibited by many living animals, 
as by the glow-worm and fire-fly, and the numberless small marine animals, such as 
Crustacea, medusae, polypora, and infusoria, which give rise to the phosphorescence of 5 ^. 
the" sea at night. In many animals the phosphorescence is an uct of the will; fa 
others it takes place at a particular period of lifo. v 

In nearly all phosphorescent plants and animals, the phosphorescence appears to be 
due to chemical action, in fact to a slow combustion: for it increases in brightness in , 
pure oxygen gas, and ceases altogether in a vacuum or in nitrogen or carbonic wMr 
gus; the phosphorescence of decaying fish, however, takes place in nitrogen as well as in 


air or oxygen. 

Phosphorescence may be excited artificially in a large number of bodies by any cause 
which sets their particles in rapid vibration ; viz., by heat, by tho electric discharge , by. 
mechanical action , and by insolation . 

1. Many solid bodies become phosphorescent when thrown upon a heated surface ; 
such is the case with diamond, chalk, certain varieties of fluor-spar, oyster-shells, 
paper, flour, especially that of maize, and indeed with most well-dried organic sub- 
stances. This effect is not to be confounded with incandescence, for it takes place at 
temperatures much below an ordinary red heat; and tho light emitted is generally of 
a blue or violet tint, instead of the dull red of incipient incandescence. 

2. A lump of sugar through which a powerful elect ric discharge is passed, shines for 

several seconds afterwards with a beautiful violet light; and a similar effect is pro- 
duced on many non-conducting minerals, but not on metals or other substances of good 
conduct ing power. Substances which have lost the faculty of becoming phosphorescent 
by heHt or by insolation, recover it after they have been subjected to repeated electric 
discharges. There can bo but little doubt that the immediate effect of the discharge 
is to throw the particles of the body into a Htata of rapid vibration, which ia then 
communicated to the surrounding ethereal medium. . 

3. The phosphoresceneo produced by friction, percussion, and other mechanical 
actions, generally lasts only as long as the disturbing cause continues to act. In many 
eases a development of electricity takes place at the same time, and to this the light 
maybe partly or in some cases wholly due ; sometimes, however, the light emitted 
appears to be a direct consequence of the vibratory motion communicated to the 
particles by the mechanical disturbance. Adularia struck with a hammer so as to 
split it, emits at ea< h crack a light which may hist for several minutes; and when 
ground in a mortar, it appears all on fire. Quartz, fluor-spar, rock-salt, and sugar 
likewise exhibit light when broken or pounded. 

Light is often emitted during the change of state of bodies, especially in the passage 
from the amorphous to the crystalline state, and the separation of crystals from a solu- 


tion (i. 200). , .. . 

4. Insolation, or exposure to the Bun’s rays, develops phosphorescence most easily in 
substances which are bad conductors of heat. Moat calcareous substances are capable 
of becoming phosphorescent by insolation: e.g. carbonate and sulphate of calcium, 
fluor-spar, petrifactions, shells, and pearls. 

Canton 8 phosphorus , prepared by heating calcined oyster-shells with sulphur, emit* 
after insolation a yellow light bright enough to show the time by a watch. The 
phosphorescence may even be excited by exposure to the light of a candle, i lie 
Robjgnian phosphorus , prepared by strongly igniting heavy spar with gum-tragacauth, 
emits, after insolation, a bright light which lasts for more than a day. Baudmn * 
phosphorus (fused nitrate of calcium) emits a white light. Diamonds sometimes 
remain phosphorescent for an hour, after exposure to the sun for a few seconds only. 
Certain organic substance®, e.g. flour, sugar, gum, white wax, and resin, also Mime 
alter insolation. . , . , 

From recent researches by E. Becquerel, it appears that the number of bodies 
Tendered phoephoreeeent by insolation, if> roach larger than has hitherto been supposed, 
phosphorescence, lasting for a few seconds, or rarely for a few ramutes, being exhibited 
hj numerous minerals and salts, chiefly with alkaline or earthy bases. (See pagutn » 
Traiti de Physique \ ir. 250.) 
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For numerous details relating to phosphorescence, see Handbook 

(L 181—209). , 

The Electric Light , — The passage of electricity, when it meets with a certain resist- 
anoe, is accompanied by light, more or less bright in proportion to the strength of the 
charge and the degree of resistance. As the discharge in all cases, even in the most 
highly rarefied atmospheres, such as Gassiot’s tubes (ii. 391), takes place through the 
medium of materud particles, we may suppose in this case also that the light owes its 
origin, to vibration* excited in these particles by the electric action. 


Radiation. 

< Rdtodenitand the manner in which the vibrations of luminous bodies are trans- 
waves 1 or undulations through the surrounding ether, it will be necessary to 
'Shortly the nature of undulations in general. A wave or undulation* is 
, j^IrttiSmnce excited in one part of a body, and communicated to the other parts in 
tcatfSffr-- accession. For example, a stone thrown into water depresses the water at 
t where it is thrown in ; the portion so depressed exorts a lateral pressure on 
SaPCdramediately surrounding it ; and these again exert an upward pressure on the 
SB&clea external to them, and form a raised circle ; afterwards those portions fall, and 
push up other particles, situated external to them, and thus the undulation 
^jontiniuifiy spreads outwards in concentric circles till it extends to the whole surface of 
the liquid. Now it is important to notice that these particles have no progressive 
motion ; they merely move up and down, as may be seen by observing the motion of 
a light body floating on them : there is an appearance of progressive motion, but it is 
only an appearance, arising from the same form or state of motion being successively 
communicated to the different parts of the liquid. The wave travels onwards, perhaps 
for miles, or, as in the case of the ocean tide-wave, all round tho globe ; but the 
individual particles of water merely move in vertical lines through spaces not. exceed- 
ing a few feet. Again, in the case of tho waves in air which produce sound, the 
individual particles of air merely move backwards au<l forwards through small intervals, 
the motion being first excited in the particles immediately in contact with the sounding 
body, afterwards communicated by these to the next, and so on, and this communica- 
tion of tho vibratory motion from particle to particle constitutes a wave of sound. 
Here again the progress of the wave must be carefully distinguished from the motion 
of the individual particles. Sound travels through tho air at the rate of about. 1100 
feet in a second; rfow if the individual particles of air whose vibration produces tho 
sound wore to rush onwards at that rate, every sound would be accompanied by a dis- 
turbance of the air amounting to a hurricane. 

Thus it is also in the case of light. The motions of the individual particles of the 
other take place through immeasurably small spaces, but arc communicated with 
immense rapidity to tho next ; from these to those beyond them, and so on, even 
through the vast distances between the heavenly bodies. So long as the ether through 
which the light* wave travels is of uniform density — as we must suppose it to be in free 
space, and in media of uniform constitution, such as water, glass, and other uncrys- 
tallised bodies — the wave spreads with equal velocity in all directions ; consequently, 
all tho particles to which the motion extends at the same instant are situated on the 
surface of a sphere having the luminous body in its centre, and the illumination extends 
in lines at right angles to this wave-surface, that is to say, in straight lines rmliating 
from the luminous body : these lines are called rays of light. When any change of 
density takes place in the medium, tho wave-surface is nef longer perfectly spherical, and 
the rays are broken or curved according as tho change of density is sudden or gradual. 

The vibrations of the particles of an elastic modiifin. may bo of two kinds : 1. Direct 
or longitudinal , when tho line of vibration coincides with, or is parallel to, the direction 
in which the wave travels onwards, as in the case of sound-waves in air. — 2. Transverse 
or normal , when the particles vibrate in directions at right angles to the motion of tho 
wave, as is the case with waves in water, and with the vibrations of a stretched cord 
get in motion by drawing a bow across it. 

Suppose & particle of an elastic medium to bo disturbed in any direction whatever. 
This direction will in general be oblique to the line joining this particle with the next, 
and the act ual velocity of the particle may be resolved into three others, one in the 
direction of the line of junction between the two particles, that is to say, in the 
direction in which the wave-motion proceeds, the other two in a plane at right angles 
to it The first component determines the longitudinal, the other two toe lateral 
motion or vibration of the particle ; and the relative distances to which these two kinds 
of vibration are propagated depends upon the peculiar constitution of the medium. 
When the air is set in motion by the vibrations of a sounding body, it is the longi- 
tudinal vibrations which travel onwards, producing a series of compressions and 
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dilatations crlfiW** along the line of the waye, and those motions ultimately reaching 
the ear, produce the effect of sound *. the lateral vibrations, on tho other hand, appear 
to bo quickly extinguished ; at all events, they produce no offoct upon the ear. With 
the vibrations of the luminiferous ether, however, the case is exactly reversed ; for, as 
will be seen hereafter, the phenomena of polarised light show plainly that the transverse 
vibrations of the ether are the only ones which affect our visual organs. With regard 
to many phenomena, however, the particular directions of the vibrating particles may 
be left out of consideration. 

To explain more clearly the mode of transmission of the transverse vibrations of the 
ether-molecules, suppose that a row of these particles, a f b , c, d (Jiff. G40), situated in a 
homogeneous medium, is brought by any disturbing force into 
the position a ' b ' c ' c f. Tho sum of tho forces which hold the 
partLclcs m } w, of the contiguous rows in their places will then be 
altered. If the displacement itself is small in comparison with 
the distances between the molecules, the forces at right angles 
to the line of displacement will remain unaltered; but the 
repulsion exerted by b upon n in the direction of displacement 
has increased, while that of d upon n is diminished. The same 
is true with respect to m, and all the particles in tho same 
horizontal row, which, therefore, soon move in tho same direc- 
tion as a, b t c, d. This latter row of particles is, however, urged back to its origin a 
position, with a force equal to that with which it set tho other particles in motion; 
ho that its velocity in the primary direction is gradually destroyed, and it returns to 
its original position, which, however, it passes beyond, in consequence of the momentum 
which it has acquired, thus performing a succession of small oscillations like thoso 
of a pendulum. Similar oscillations arc performed successively by the second, third, 
and other rows of particles; and if by tho time that tho first ww of particles, a a* 
(Jiff. 641), has completed a single oscillation, backwards and forwards, the vibratory 
motion has extended as far as A, tho 



rows of particles between a a' ami 
b U inclusive will exhibit all pos- 
sible phases of the movement. Tho 
distance a b between two layers of 
corresponding phase is the length 
of a complete wave; tho ray r s, 
or tho wave-surface normal to it, 
traverses this distance in tho time 
in which tho row of particles a a 
performs a complete oscillation. The 
greatest distance attained by any 
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particle from its position of equilibrium during the time of a complete oscillation, is 
called tho amplitude of the vibration. It is proportional to the greatest velocity of 
the particle during its passage through its position of equilibrium. The intensity of 
the light is proportional to the vis viva of the vibratory particles, and therefore to tho 
square of the amplitude of tho vibration. 

Velocity of &igltt. The rate at which a wave travels through an elastic medium 
i« a function of its elasticity and density, and when t hose aro known, as in tho case of 


sound, the 


rate of 


propagation may be calculated a priori , by the formula v 



(seep. 41). But, in tlie case of light, these elements are unknown, and therefore 
the velocity can only be determined by observation. The following methods have been 
adopted : — 

1. By Observation* of the Eclipses of Jupiter's Satellites. —This method was proposed 
and carried out by the Banish astronomer Itdmer in 1676. He found that, whcji the 
earth is between the sun and Jupiter, that is to say, at its least distance from that 
planet, the nearest of Jupiter's four moons enters the shadow of the planet at intervals 
of 42 h. 28' 35". Now, calculating from this the time at which the 100th eclipse should 
take place, observation showed a retardation of 15 minutes behind the calculated 
time. But in the same interval, the earth had travelled about half round its orbit, and 
had therefore increased its distance from Jupiter by nearly half the diameter of that 
orbit This then was the distance which tho light from Jupiter had passed over in 
1 5 minutes ; and thence the velodty of light was found to be 77,000 leagues, or 167,600 
geographical miles per second. At this rate it takes 8' 13" to reach us from tho sun, 
4h. lO^fixjm Neptune, and about 10 years from the ncarost fixed star (Cl Cygni). 

2. By the Aberration of the Fixed Stare. — The motion of the earth in its orbit, com- 
bined with that of the light coming from the stars, causes them to ajipear, not in their 
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true places, btff direction of the resultant of 'The apparent 

posjpms of all the stars are, accordingly, shifted in the direction infjjniich the earth is 
moving. Each star; in the course of the earth’s annual revolution, describes a small 
ellipse round its true place ; for a star in the pole of the ecliptic, this ellipse is nearly 
a circle of 20*445" apparent diameter. The tangent of this angle gives the ratio between 
the velocity of light and that of the earth iu its orbit ; and the latter being known by 
independent observation, the velocity of light is thence found to be 166,072 geographical 
miles per second, a result differing from that of Romer by less than 1 per cent. It 
must also be observed that Homer’s method gives the velocity of reflected light in free 
space, whereas the aberration method gives the velocity of direct light in air. 

3. Measurement of the velocity of light by small distances. — a. Fizcau's method. A 
toothed wheel having its teeth of the same width as the intervals between them is 
made to revolve rapidly, so that its teeth may pass through a beam of light proceeding 
from a lamp or other source, the light being thus intercepted by the teeth, and passing 
through only at intervals. The light which passes between the teeth of the wheel is 
reflected perpendicularly from a plane mirror placed at a great distance; it then returns 

t ing the same path, and again passes between the teeth of tho wheel. Now, during 
e time occupied by the light in travelling twice over the space between tho wheel 
and the mirror, the wheel will have performed a certain part of it s revolution ; and if 
it turns with a due degree of velocity, the light whicli has passed in the first, instance 
between two of the teeth will strike, at its return, on the face of a tooth instead of a 
space between two tooth, so that an observer looking through the wheel in the direction 
of the mirror, will not, in that case, perceive any light. The time which the light 
takes to pass from the wheel to the mirror and return, is therefore equal to that iu 
which a tooth of the wheel moves into the plate previously occupied by tho space 
immediately preceding it, which time is easily calculated from the known velocity of 
the wheel and the number of its teeth. If, for example, the wheel has n teeth and 
makes t revolutions per second, each tooth will pass into the place of the preceding 

tooth in ~ of a second, and into the place of the spaco next preceding, in of a 

second. Fizeau’s experiments, in which tho wheel and mirror wero placed at a distanco 
of 8633 metres (between Turesnes and Montmartre), gave, ns the velocity of light in 
air, 78,841 leagues of 4 kilometres each per second. Homers method gave 77,000 
leagues. 

Fizeau’s method might be appliod to show that rayBof light of all colours (like waves 
of sound of every pitch) travel with the same velocity. This conclusion may, however, 
bo regarded as established by tho fact that all tho stars, whatever may be their colour, 
exhibit equal aberration, which could not bo the case if rays of different colour travelled 
with different velocities. 

/8. By means of a Revolving Mirror . — This method, proposed by Arago, and carried 
out. independently by Foucault, and by Fizeau and Breguet, is similar in principle to 
that by which Wheatstone determined tho velocity of electricity, and affords the means 


Fig. 642. 



of measuring the velocity of light in a space not exceeding four metres. A line of light, 
8 {fig. 642), proceeding from a very narrow rectangular aperture at right angles to the 
plane of the figure, after passing through the converging achromatic lens R, which would 
form an image of it at S', falls upon a plane mirror, mn, capable of revolving on a vertical 
axis passing through o on the line S S', which reflects it to s\ a point symmetrical with S', 
as regards the mirror. At this point is placed a concave spherical mirror, M, whose 
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«. The light felling oil this mirror is reft , 5 

the plane mirror, m«, which again reflects it to 

i-i. mi.: :n u- it. : n 


centre of 1 . 

the same path, * a; -1 p _ 

ciding with the incident light This will be the case in all positions of the mirror mn, 
provided the light is reflected from it to M. As the image thus sent back to S would 
be confounded with the incident beam, an unsilvered plate of glass, ab t is placed in 
such a position, that the light falling upon it in the direction oS may be partly reflected 
to s, where it may be observed by an eye-piece furnished with a vertical wire. If tho 
mirror mn be made to revolve slowly, an eye placed at s will see the image of the line 
of light at intervals, but if the mirror makes more than 10 turns in a second, the imago 
will be seen continuously ; and if the eye-piece be adjusted, so that the image shall 
coincide with the wire, when the mirror makes from 20 to 30 revolutions per second, 
it will be seen to deviate in the direction of the rotation when the rate is increased 
to geveral hundred turns per second ; if, for example, the mirror turns in the direction 
of the arrow, the image will be displaced from S to R, or from « tor. The cause of 
the displacement is that the mirror mn has time to revolve through a sensible angle, 
during the time occupied by the light in travelling from o to s' and from 8 to o, so that 
tho beam of light, at its second reflection from mn , is deflected from its first direction, 
forming, with the incident beam So, an angle equal to twice the angular displacement of 
the mirror. 

The mode of calculating the velocity of light from the observed deviation is as 
follows: — Let Sc *» r; co = l; os' «= f ; the arc of deviation SR or sr ■« d\ also let 
n be the number of turns performed by the mirror mn in a second, and V the velocity 
of the light. The mirror mn having moved into tho position 7 nn\ by the time that 
the ray reflected from M returns to it, the deviation would bo equal to the anglo SoR, 
if the ray were not deflected by the lens cK, or, which comes to the same thing, if the 
point e coincided with o. Suppose, first, that this is the case ; then tho angle SoR is 
equal to twice the angle a, through which the mirror revolves during the time occupied 

by the light in passing over tho space 2 os' = 2V. This time is -y % and since the 

mirror makes n turns in a second, the angle a =* - Tr , The angle of deflection of the 
&nF * 

ray is therefore -y- t and the corresponding arc, whose radius is ©S =* r + /, is 
d - 2a. 2 ,.53 - 

Rut tho reflected ray is actually deflected by the lens K. Draw R'c through the 
optic centre c and the point R', which is tho imago of 8 in the mirror m V. The image 
or R\ formed by the lens K, will then be at E, and tho angle of deviation will be 
* It'S' R'S' 

ScE =* 3. Now the triangles oR'S', cR'S', give sin 11VS' =» sin 3 «=■ ; and 

sin R'oS' — sin 2 a = — Hence, replacing the angles (which are very small) by 

U „ 4 tit* . , 

and for the 


their sines, and substituting for 2a its value -p~, we find 3 
arc SE =» D ■= 2*r3 : 

SwPnr 




D - 


whence V «* 


8*Hnr 


pyTT)' nii+ry 

a formula which gives the velocity of light as a function of the deviation. 

The same method serves also to measure the velocity of light in water or any other 
liquid, a tube T containing the liquid, and closed at the ends with flat glass plates, 
being interposed between the mirror mn and M'. As, however, the light would b© 
refracted by the liquid, and therefore the focus would not fall on M', a diverging lens 
is placed at L to compensate for tho deviation thence arising. 

Moreover, as the column of water does not occupy the entire space between the 
mirrors, the'velocity calculated as above from the observed deviation is only the mean 
velocity of light in a space occupied partly by water and partly by air. Let V be this 
mean velocity; w and a the spaces occupied by the water and air respectively; V* and 
V the corresponding real velocities. The times occupied by the light in traversing the 

spaces a and to are ^ and -p** and the whole time is — ppj — . Hence, dividing tbs 

total space a + w by the time, we find for the mean velocity : 

rV(a + to) 

U “ ItV'TwV* 

whence Tr , wUV 

V “ (a + to)V-air 

By this method it is found that the velocity of light in water is less than In air, a 
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result whidvaawfil W seen hereafter, is in accordance with the 4ave-theory , while 
it is directly opposed to that which would follow from the theory dr emission. 

Intensity *f Xdgtat. The intensity of the light received by a surface from any 
source — that is to say, the quantity of light received by a unit of the surface — 
ds partly on its distance from that source, partly on the obliquity at which the 
bills upon it. 

1. The intensity of light emanating from a point varies inversely as the square of 
the distance . For, as the undulations excited by the luminous source travel with 
equal velocity in all directions — supposing the medium uniform — they may be re- 
garded as spreading out in concentric spherical surfaces of continually increasing 
magnitude ; and as these surfaces are to one another as the squares of their radii, it 
follows that the quantity of light received by a unit of surface will vary inversely as 
the square of the radius of the sphere of which it forms a part — that is to say, as^tlie 
square of its distance from the luminous point. 

If the luminous body is of finite dimensions, the preceding law, being applicable to 
the light emanating from each point of its surface, must likewise hold good with 
regard to the whole, provided the body is sufficiently distant to admit of all its points 
being regarded as equally distant from the illumined surface ; and since the apparent 
diameter varies inversely as the distance, the intensity of the, light will vary in divert 
proportion to the square of the apparent diameter or to the apparent surface of tho 
luminous body, understanding by this last term the conical angle of a cone envelop- 
ing the body and having its vertex at the luminous point. 

2. The intensity of the light received by any surface varies as the cosine of the angle 
which the incident rays make with the normal to that surface. For suppose a n 

illuminated surface, so Bmall that tho rays falling 
upon it may be regarded as parallel. The quan- 
tity of light received by A E, is the same as that 
which would fall on its projection B C, on a plane 
perpendicular to the direction of the rays, and there- 
fore exposed to their full effect ; hence the intensity 
of the lightfalling on these two surfaces is inversely as 
their areas ; but B C = A B. cos A B C = A 13. cos S B N, 
the angle which tho incident rays make with the 
normal B N. 

3. The intensity of the light emanating from a self- 
luminous surface , is proportioned, to the cosine of the 
angle which the rays make with the normal. This 
proportion may be demonstrated in a similar manner 
to the preceding, and the result may be verified 
by looking through a small aperture at an incandescent, surface, as that of red-hot 
iron, and inclining it more and more to the direction of the rays proceeding from it to 
the eye. In accordance with this law, it is found that the brightness of a luminous 
surface is independent of its form and of its position with regard to the visual rays, 
the impression produced by it on tho eye being tho same as that produced by a plane 
surface of equal intrinsic lustre, which is tho projection of tho original surface on a 
plane perpendicular to the visual rays : a red-hot ball, for example, soon from a distance 
looks just like a flat disc. 

Comparison of the Intensity of two Luminous Sources : Photometry. 

Tho eye is not capable of judging directly, with^hny great approach to accuracy, of 
tho relative intensity of two lights, but it can per^shre with great nicety whether two 
contiguous surfaces or portions of the same surface lire equally illuminated, or whether 
two contiguous shadows have or have not tho same depth. On this principle are con- 
structed most of the instruments called Photometers, for measuring the relative inten- 
sity of different sources of light 

Rumford’s Photometer , which is very easily constructed, consists of a small 
wooden cylinder set upright in front of a sheet of white paper, also placed vertically. 
The two lights to be compared (a candle and gas-flame, for example) are placed at the 
same height in front of the paper, and in such a manner that the two shadows of the 
wooden cylinder which they cast, shall fall on the paper close together, and that the 
rays from both of them shall meet tho paper at the same angle. Each shadow will 
then be illuminated by only one of the lights, while the rest of the surface will receive 
the rays from both, and the two shadows will be of the same depth when the surface 
of the paper is equally illuminated by both lights. If then the stronger light be 
moved farther off till the shadows are equally dark, the intensities of the two will be 
directly as the squares of their distances from the screen when that condition is All- 
filled. 


'. 643) to bo a portion of the 
Fig . 643. 
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This photometer gives very exact results in many cases; hat in applying it to 
determine the relative illuminating power of a gas-flame and a o&idle, a difficulty 
arises from the different colours of the two shadows, that of the gat being bluish 
brown, while that of the candle is yellowish-brown. In all such cases, Bunsen’s 
photometer, whose indications do not depend on depth of shadow, is much more con- 
venient. 

Bunsen's Photometer consists of a screen of thin writing paper stretched on * 
frame, and saturated with a solution of spermaceti in oil of turpentine, except a spot 
in the centre about the size of a shilling. A light of constant intensity being placed 
at a fixed distance behind the screen, the ungreased spot appears darker than the rest 
of the screen. One of the lights to be compared is then placed in front of the screen, 
so that its reflected rays may be added to the light transmitted from behind, and 
adjusted so that the ungreased spot shall be illuminated just as muoh as the rest of 
the* surface, and shall therefore bo no longer visible. This will be the ease when 
T + r «» t + If, denoting by T, t , the quantities of li^ht transmitted by the un- 
covered part of the screen, and the part covered by the disc respectively, and by if, r, 
the quantities reflected. A precisely similar experiment being then made with the 
other source of light, the intensities of the two will be to one another as the squares 
of their distance from the screen at which the disappearance of the disc takes place. 
Sometimes the grease is applied only to a small circular spot in the centre of the screen, 
which then transmits more light than the rest of the surface. 

Masson’s Electro-photometer. This apparatus has the advantage of admitting of 
the comparison of lights of different colours. It consists of a circular disc divided 
into white and black sectors of equal size, and set in motion by clock-work at a uniform 
rate of 250 to 300 revolutions m a second. If it bo then illuminated by a constant 
source of light, such as a lamp, it appears of a uniform grey tint, in consequence of 
the duration of the visual impression on the eye. But if it be illuminated by an 
instantaneous light, such as the electric spark, the black and white sectors becomo 
distinctly visible, and appear as if they were fixed, because they have not time to movo 
through a sensible angle during the extremely short interval for which the spark con- 
tinues. If now the intensity of the light afforded by the spark be gradually diminished^ 
as by removing it to a greater distance, the source of constant light still rems&lhlgE, 
the increase of illumination which the spark affords to the disc ultimately becomes 
too feeble to render the sectors visible, so that the disc still continues to exhibit a 
uniform grey tint. Tho relative intensities of the constant and instantaneous tighta 
at which this limit is attained, evidently depend upon tho number of the sectors and 
tho velocity of revolution. 

The relative intensities of two electric sparks are as tho squares of the distances to 
which they must be removed from the disc to cause the sectors to disappear, while 
the disc is illuminated by a constant light,. On the other hand, to uso tho instrument 
for comparing the intensities of two continuous lights, a succession of electric sparks 
is made to pass in front of tho disc, and one of the constant lights is made to approach 
it. till the sectors cease to bo distinguishable. The same experiment being then made 
with tho other light, the intensities of the two are as the squares of the distances 
thus determined. 

By means of this instrument, M. MasRon has demonstrated the following laws re- 
lating to the intensity of the electric light. 1. It is projtortional to the coated surface* 
to/ the discharge of which , at a constant distance , the spark is produced. 2. It is 
inversely as the distance, between those surfaces , or as the thickness of the. jar . 3. It if 
proportional to the square of the striking distance. 4. The quantities of light in the 
spark are proportional to the quantities of heat developed in a wire forming part of the 
same circuit. 

General results of photometric observation. — I. By comparing the quantities of light 
emitted by the same numl>er of flames in different relative positions, it is found that 
flame is perfectly transparent ; in fact the luminous effect of a series of candles placed 
side by side, is the same whether they are arranged in a line perpendicular or parallel to 
the direction of the rays. In like manner, a flat gas-flame, like that of a bat’s-wing 
burner, gives the same amount of light in all directions. 

2. It appears from observations by Bouguer, made with Rumford’s photometer, that 
one of the shadows thrown by lights of equal brightness disappears when one of these 
lights is placed 8 times as far from the screen as the other— that is to say, when 
the nearer light illuminates the screen 64 times as strongly as the other. Hence it 
appears that light emanating from any sourco becomes imperceptible in presence 6f 
another 64 times as strong ; the disappearance of the stars in daylight shows, there- 
fore, that the diffused light of the earth’s atmosphere must be at least 64 times as 
strong as that sent to us from any of tho stars. 

3. When the flames of two lamps or candles touch one another, the intensity of the 



combined fame ie greater than the sum of the intensities of the separate flames iv 
effect, tost obwrred t>y Franklin, appears to be due to the increased temperatam “1! 
the twrt •where the flames overlap. Kumfcrd foimi that a number of flat cotton wicfe 
impregnated with oil, gave a much greater amount of hght when they were P L., 
toftfi, nearly in contact, than when they were separated On the same principle 
Arago and Fresnel hare construded lamps for light-houses, m which a number of 
concentric wicks are arranged with small spaces between them , through which a cur- 
rent of air is made to pass by the draught of a chimney. The flame being transparent, 
ft considerable amount of light is thus obtained within a small space. 

4. The photometric method serves also to determine the illuminating equivalents of 
different light-giving materials. Bumford found that 100 pounds of wax burnt in the 
form of a taper, were equal in light-giving power to 101 lbs. of tallow, if the candles 
were well snuffed, and 229 lbs. if the wicks were allowed to grow long; to 100 lbs. 
of olive oil burnt in an Argand lamp, and 129 in a Lamp burning without smftke; 
also to 125 lbs. of rape oil, and 120 lbs. of linseed oil in a common lamp. P6clet 
calculated the following table of the expense per hour of various modes of illumination, 
yielding a quantity of light equal to that afforded by a gas-jet burning at the rato of 
6 centimes per hour : 

Centime!. Centime!. 


Carcel lamp 
Candle of 82 grm. 
Candle of 10 grra. 


5'8 

9-8 

12-0 


Wax taper of 100 grm. 
Stearine candle 


48-6 

18 


It appears from this comparison that gas is the most economical of all illuminating 
materials. The results depend, however, in a great measure on the facility of access 
of air to the flame, the form of the wick or burner, and the length of the flame. For 
numerous determinations of the illuminating equivalents of various kinds of gas, and 
othe* light-giving substances, see Urts Diet, of Arts , $c. f articles Coal-gas (i. 731) 
eu4 Illumination (ii. 493). 


Interference. 

^VPTien two or more waves pass over the same part of a medium, each of them affects 
theparticles of the medium disturbed by the other just as it would have affected the same 
.particles in a state of rest. Consequently, the state of any particle affected hy the two 
waves at once, will be the same as that which would have resulted if it had been first 
disturbed by the one wave, and then the second had acted upon it while in that dis- 
turbed state. Thus the height of the tide is found by calculating the heights to which 
it would be raised by the sun and by the moon acting separately, and taking the sum 
or difference as the case may be. 

Suppose now two waves of equal breadth and intensity (equal height in the case of 
"■water) to proceed from the same, or nearly the same point, and travel onwards one 
after the other ; then, if they meet in such a manner that the phases or alternations of 
the one coincide with the phases or alternations of the other, the result will be a com- 
pound wave, having the sum of the intensities of the separate waves ; this will bo the 
case if the paths along which they travel before meeting are of equal length, or if one 
exceeds the other by any exact number of whole undulations, as in Jig. 644 ; but if the 
phases of the one are exactly opposed to the phases of the other, which is the case 


Fig . 644. 



when the one wave is behind the other by any odd number of half-undulations, as in 
fig , 645, a wave will' be produced whose intensity equals the difference of the intensities 

Fig . 645. 



of the separate waves, and if these are equal, the vibratory motion will be completely 
destroyed and the particles of the medium brought to rest along the whole line of the 
combined waves. If the paths of the two waves do not differ by any exact number of 
half undulations, even or odd, the result will be intermediate between the two just 
considered, the intensity of the combined wave being always less than the sum and 



—eater than the difference of the separate wares* 4his composition or superposition 
ofoscillafcions is called Interference, In order that it ma/take place along a whole 
line of wave, it is clear that the component waves must be of the same breadth, and 
that they must proceed from points very near each other, otherwise their paths will 
intersect only at isolated points. 

Let us now enquire whether these principles are, applicable in the case of light. If 
light consists of undulations, and these undulations are governed by ordinary me- 
chanical laws, it must follow that two rays of light may meet one another in such a 
manner as to counteract each other’s action and produce darkness ; and such, in fact, is 
found to be the case. 

Suppose 8 , s' {fig. 646) to be two radiant points very close together, and producing 
in the luminiferous ether, waves of the same length (of red light, for example) and 
always in the same phase of 

vibration at the instant of Fig. 646. 



separated by dark spaces, », &c. 

If the sources 8, s', instead of being luminous points, are lines of light perpendicular to 
the plane of the figure, a series of alternate light and dark bands, or fringes, will be 
produced parallel to those lines. . 

The conditions essential for exhibiting these effects arc, that the two luminous 
sources a, a' shall be very near one another, and thjil: the waves emanating from them 
shall always be simultaneously in the Hanie phase. These conditions are most easily 
fulfilled by the following arrangement devised by Fresnel : — 

A beam of light entering through a rectangular slit in the shut ter of a da rkened room, 
and passing through a plate of red glass, is condensed at S to a very fine lino of light, 
by a cylindrical lens L {fig. 646) of vrry short focus. The rays there cross each other, 
and fall upon two plane mirrors Irrt, bn, placed together at a very obtuse angle, and 
having their line of intersection parallel to the line of light. The rays, after reflection 
from these mirrors, proceed as if they luul originally issued from two point* a, s, 
situated symmetrically to the point S, behind each cf the mirrors. The mirror* being 

You 1IL QQ 
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placed nearly in one plane, the points s s' are very close together, so that all ih» 
conditions are fulfilled for the production of light and dark fringe* on the screen, 
as above described. 

Instead of reflecting the light diverging from S from two plane minors, it may 
be made to pass through a glass prism having a very large refracting angle. The 
fringes also, mstead of being received on a screen, may be viewed through a telescope, 
and their angular breadths estimated by micrometrical measurement. 

If the beam of light 'proceeding from one of the points s t s', be intercepted, the whole 
of the fringes disappear , and the light from the other source produces a uniform 
illumination on the screen, plainly showing that the fringes are produced by the com- 
bination or interference of the rays proceeding from the two sources. 

Measurement of the lengths of the waves of light — The breadths of the fringes 
having been ascertained, as above described, an easy calculation gives the lengths of 
the waves of the particular light by which they are produced. In fief. 646, the lehgth 
of the wave X is equal to the distance za . Now the curvilinear triangle azo may be 
regarded as a right-angled triangle, whose hypothenuse ac*= b is the distance from the 
centre to the first bright lateral fringe. Moreover, the angles zca and sas‘ = « 
are equal, because their sides are respectively perpendicular to one another : hence 

X ™ A sin w. 

Hence to obtain the value of X, it is sufficient to measure the angle «««' with a re- 
peating circle, and the distance ac with a micrometer. A more exact mode of deter- 
mination will be described hereafter. 

The length X is proportional to the distance ac. Now the breadth of the fringes is 
found to be greatest in red and least in violet light, and of intermediate breadths for 
the intermediate colours of the spectrum : hence ulso it follows that the lengths of the 
waves are greatest in red and least in violet light. 

The formula X = in which v is the velocity of light, and n the number of vibra- 
tions per second, shows that the vibrations are most rapid in violet, and least rapid in 
red light. 

The length of the wave and the rapidity of vibration of tho particles of the ether 
determine the colour of the light, just as tho length of the sound-wave and tho rate of 
vibrations of tho particles of the air, determine the pitch of sound. 

The following table exhibits the wave-lengths and the number of vibrations per 
second of the mean rayB of the several colours of the spectrum, and of the principal 
Axed lines: 


Fixed lines and 
coloura. 

Values 
of A In ten- 
thousandths 
of a 

millimetre. 

Number of 
vibrations 
per second In 
millions of 
millions. 

Fixed lines and 
colours. 

Values 
of A In ten- 
thousandths 
of a 

millimetre. 

N umber of 
vibrations 
per second in 
millions of 
millions. 

Line B . 

6*88 


Mean green 

5*12 

601 

Line C . 

656 


Line F 

4-84 


Mean red 

6-20 

497 

Mean blue 

4*75 

648 

Line D . 

6-89 

. 

Mean indigo 

4*49 

68 6 

Mean orange . 

683 

628 

Line G 

4*29 


Mean yellow . 

6-61 

529 

Mean violet 

4*23 

728 

Line E . 

6-26 

• • 

Line H * . 

3*93 



The expression b = v which gives the breadth of tho fringes in terms of the 

wave-length and the angle », shows that for each colour they are broader in propor- 
tion as that angle is smaller. If it is too largo, that is, if the distance s s' is too great 
in proportion to A a, the fringes disappear altogether ; they are still visible, however, 
when this angle has a magnitude.of several degrees. 

The fringes being of different breadths in the different coloured lights, and white 
light, as will hereafter be shown, being a mixture of all the colours of the spectrum, 
it follows that when tho preceding experiment is made with white light (sun-light, 
the electric light, or the lime-light), the bands produced are not simply bright and 
dark alternately, but exhibit a succession of colours produced by the combination of 
the simple colours in various proportions, and not separated by any absolutely dark 
bands. Moreover, these coloured fringes are much less numerous than the simple 
light and dark bands produced by homogeneous light, because the breadths of the 
simple-coloured fringes of which they are composed do not vary proportionally to one 
another, as their distance from the centre increases ; hence, they ultimately become 
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m j xe d, and reproduce white light Even the simple fringes formed in homogeneous 
light become less and Iobs distinct as they recede from the centre, and ultimately dis- 
appear when the difference between the lengths of the rays which form them becomes 
equal to ft certain number of half-undulations. The cause of this disappearance is, 
that the light used in the experiment is never absolutely homogeneous, and that the 
want of perfect equality between the lengths of the waves which compose it, ultimately 
makes itself perceptible, the fringes of different breadths overlapping and effacing each 
other in the same manner as when white light is used, though at a much greater 
distance from the centre. Whatever kind of light is employed, the fringes are more 
distinct and numerous in proportion as the line of light is narrower, provided it be 
wide enough to give the required amount of illumination ; for it is evident that a 
broad aperture may be regarded as a number of narrow ones placed side by side, each 
producing its own set of fringes, which, as they do not coincide in position, will overlap 
and efface each other more or less completely. 

If a very thin plato of glass, mica, selenite, or other transparent substance bo placed 
in front of one of the mirrors {Jig. 646), so that tho rays proceeding from one of the 
points, s, s', shall be obliged to pass through it before reaching the screen or telescope, 
the whole of tho fringes will be displaced towards the side on which the transparent 
plate is situated, so that the central fringe a will no longer be opposite to A. Suppose 
tho displacement to be towards the right of the figure; then the line a' a will bo 
shorter than sa . Now, as the two rays forming this central fringe must, contain tho 
same number of wave-lengths, it follows that these wave-lengths are less in the moro 
highly refracting substance (glass, &c.) than in tho air. The velocity of the light is, 
therefore, diminished in the more highly refracting medium ; and experiment shows 
that the retardation thus produced is greater as the refracting power is greater. This 
result is in accordance with the direct measurement of the velocity of* light in air ami 
water (p. 595), and likewise, as we shall presently see, with tho law of refraction. 
Moreover, as the velocity of transmission of vibrations in an elastic medium is related 

to its elasticity and density by the equation v 3 = it follows also that, the elasticity 

of the ether is least, or its density greatest, in tho most highly refracting media. 

The transparent plate used in the experiment just described must he extremely thin; 
otherwise the fringes will disappear altogether, just as if an opaque screen had been 
interposed. A thicker plate would, in fact, shift the fringes beyond the space in which 
the two systems of waves meet each other, namely, the space bounded by tho two 
straight lines passing through 8, s' and the intersection, I, of the mirrors. 

Diffraction, The principle of interference servos to explain some very remarkable 
and beautiful phenomena which ore observed when light passes by tho edge of an 
opaque body, or through a small aperture. Tho effects thus produced consist in this, 
that the light bends to a certain extent within tho geometric shadow bounded by 
straight lines drawn from the luminous point through the edges of the opaque body, 
just as a wave in water will turn the angle of a wall, or spread itself through a hole 
in any fixed obstacle. The result is the formation of a number of alternate bright and 
dark bands or coloured fringes, sometimes within the shadow, sometimes beyond it, 
sometimes in both places at once. These effects, formerly known as Inflection, but 
now called Diffraction, admit of complete exphtna- 
lion on the wave-theory of light, but are quite inoxpli- * * 

cable on the theory of emission. 

The explanation of diffraction on the undulatory 
theory depends upon the general principle first enun- 
ciated by Huyghens, that — The vibrations of a warn 
of light , at each of its points, mag he regarded as the 
resultant of the elementary movements which would Itc 
communicated to it, at the same instant, hg all the parts 
of the same wave in any one of its previous positions. 

Eor it is evident, from the elasticity of the ether, and 
the facility with which vibratory movements are trans- 
mitted through it, that its particles do not vibrate 
independently of each other, but that each may bo 
I’egarded aa a centre of disturbance with regard to all 
around it. Consequently, each point of a spherical 
wave, mn (Jig. 647), will produce by its vibration, a 
number of secondary spherical waves, which, spreading 
out with the same rapidity, will have for their en- 
veloping surface— that is to say, for the general sur- 
face of the wave as it spreads outwards— another spherical surface, m'ri, concentric 
with the former. Hence the vibration imparted to any point P, by the wav* m% 

<* Q 2 
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when it reaches that point, may he regarded as the resultant of all the secondary 
disturbances emanating from the several points of mn. 

To determine the manner in which the movement of P is affected by the several 
points of the wave in any of its previous positions, draw sP, cutting the wave mn in A 
(fig. 848). and designating the distance AP by % describe, from P as a centre, and 

with the radii 7 , y + JA, y + 2 . JA, y + 8 . Ja, &c., 
Fig. 648. a number of arcs cutting the wave in the points 

a, b, c, d, . . . and draw the straight lines Pa ( 
P b, Pc, &c., which evidently differ from another 
by half a wave-length. Then it will be found that 
the intervals A a, ab, &c. are not equal, but con- 
tinually diminish from A towards m. Further, 
for every point in ab, there exists a point in A a, 
such that the lines drawn from these points*to P 
differ by and consequently the waves emanating 
from these points to P will be in complete discord- 
ance. Hence, if A a were equal to ab, its effect 
on P would be completely neutralised by ab; but 
this not being the case, ab can only neutralise 
part of Aa, and there remains a portion of the arc 
Aa, which produces a certain degree of illumina- 
tion at P. There is a further reason why ab neu- 
tralises only part of Aa, and that is, that it acts 
more obliquely. Similarly, cd will neutralise a 
part, but only a part, of the action of be. Hence, 
it will be Been that the illumination produced at 
P by the half-wave Am is the sum of the effects of 
the arcs of uneven order over those of even 
order, counting from A. In all cases, however, it 
is only necessary to take account of that part of the wave which is very near to the 
lino sP: for at a greater distance, as at m, the ares kl, Im become very nearly equal, 
and, moreover, their action 011 P is very oblique — for both of which reasons their 
effect on P may be neglected. The arc An acts exactly like Am, so that if the 
illumination produced by A m bo denoted by 1 , that of the entire wave mn will be 
equal to 2 . 

The arcs Aa, ab, &c. are called elements of interference, and the point A is 
called the pole of the point P. 

The direction of vibration of the ether-molecule P at any instant is determined bv 
that of the first element Aa, oftho half-wave Am; and if this portion were intercepted, 
the point P would then vibrate in the direction determined by the movement of ab, 
which is opposite to that of Aa. Hence, it appears that the action of A a on P is greater 
than the resultant actions of all the remaining elements, ab, be, &c.: for the motion of P 
changes its direction according as the element Aa acts upon it or not. The same is 
true with regard to each of tho elements ab, be, See., the action of each one of them 
on P being greater than the resultant of all beyond it. 

Now, suppose part of the half-wave Am to be intercepted by the interposition of an 
opaque screen ; then the arc ab, which destroyed a great part of the effect of A a, is 
removed, and the point P receives more light than it did before : for the effect of ab 
is greater than that of all the rest of the wave, from b outwards, taken together.— 
Next suppose the screen to terminate at b; then, since ab destroys the greater part of 
Aa, and the rest of the wave is intercepted, P w*il now receive less light than it would 
if the screen were not there. In the same mann&fy it will be found that whenever the 
screen is so placed as to leave an odd number of elements of the wave free, the point 
P will be more illuminated than it would be if the screen were not there, ana the 
contrary if an even number are left free. 

These principles lead immediately to the explanation of the phenomena of diffraction. 

1 . Fringes produced by rays passing along the edge of a screen. — Suppose a beam 
of homogeneous light proceeding from a luminous point S {fig. 649), or better from 
a fine line of light passing through S at right angles to the plane of the figure, to pass 
by the opaque screen AB, of indefinite extent towards B, and fall upon another screen 
CD, covered with white paper. The boundary of the geometrical shadow will be 
determined by the straight line SAP. The light received at P will proceed from the 
half- wave Am, and may be represented by 1 ; and from the preceding explanations it 
follows that the points c , c', &c M so situated that Ac — ac «* $A; Ac — etc' = f A will 
receive more light than if the screen were not there, and will therefore be the centres 
t>f bright fringes ; and on the contrary, the points » &c., for which An — £n =» A 
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_ b r n 2\, &e., will receive less light than if the screen were a way, and will 
therefore be the centres of dark fringes. The general result may be thus stated r 
The presence of a screen increases the intensity 
of the light at every point so situated that the 
broken line (SA, Ac for example) passing to it 
from the source of light by the edge of the screen 
exceeds the straight line (8c) drawn to it directly 
from the luminous source, by an odd number of half 
undulations, and diminishes the intensity of the 
light at every point so situated, that t ho broken 
line (SA, An) proceeding to it from the luminous 
point by the edge of the screen, exceeds the straight 
line joining it with the luminous point., by an even 
number of half-undulations. 

In this manner, a succession of bright and 
dark fringes are produced beyond the geometrical 
shadow of AB; they may either be received on the 
screen CD, or viewed by a telescope directed to the 
edge A, the latter being of course the better method 
for exact measurement. They become less and less 
distinct as their distance from the edge of the 
shadow increases, because the successive arcs Art, 
ab, hd, &c. do not neutralise each other’s action 
completely, so that a small quantity of light, always 
mixes with the dark fringes, increasing in amount ns they are more distant from P. 
Finally, at points situated so far from P that the portion of the half-wave intercepted 
by the screen is too far from the pole 1/ to produce a sensible effect, the fringes disappear 
altogether, and the surface of the screen becomes uniformly illuminated with light of 
intensity — 2. 

The fringes are broadest in red, and narrowest in violet light; and in white light 
fringes of compound colours arc formed, as in the experiment with tho mirrors. 

The locus of each fringe, light or dark, considered at different distances from the 
luminous source, is a hyperbola, having the points A, s for its foci. The dark fringo 
n. for example, of the vwth order, gives An — bn «■ ?n . ; and subtracting these 

equal magnitudes from ab = .<rA, we have sb — An + bn , or an — An = sA — m. $A. 
The difference sn — An is therefore constant, whatever may be the length of AP ; 
consequently, tho locus of the point n is a hyperbola whose foci are A and S. 

There is also a certain quantity of light within the geometrical shadow. For any 
point p situated to the right of P (Jig. 619) receives light from a certain portion of the 
wave Aai) ; but this portion is smaller and farther from the corresponding pole, as p 
is more remote from P: hence the brightness of the light diminishes rapidly from 
tho edge of the shadow inwards; but the diminution is continuous and no fringes are 
produced. 

Fringes at the edge of a Mirror . — Rays reflected from the edge of a plane mirror 
inclined to their direction, proceed as if they had originally issued from a line of light 
situated symmetrically behind the mirror. The space beyond the mirror may there- 
fore be compared to the opaque screen in tho experiment last described : hence tho 
fringes are produced towards the surface of the mirror, whilst a continuous light is 
visible for a short distance beyond it, 

2. Fringes produced by narrow rectangular apertures. — Light passing through such 
an aperture may form fringes in flic beam of light itself and in the shadow, separately 
or together, according to the width of the slit and the distance at which the fringes are 
viewed. They may be observed by means of a very simple apparatus, consisting* of 
two thin plates of copper fixed in a small frame, one of them being capable of sliding 
backwards and forwards, so as to vary tho width of the aperture at pleasure. On look- 
ing at the flame of a candle or other source of light through the slit, brilliant coloured 
fringes are seen parallel to the edges of the slit.. These fringes are also very dis- 
tinctly seen on viewing the flame of a candle between two fingers held up so as to 
leave a very narrow space between them. 

Internal Fringes.— Let AB {fig. 650 ) be the slit, S the source of light, rendered homo- 
geneous by passing through a coloured glass ; and suppose in the first place that the 
screen A'B', on which the light is thrown, is placed at such a distance; that AP — oF 
and BP — oP = lx ; then all the point s of the part AB of the wave-surface will be in 
accordance with each other, and there will be a bright band at P. The samo mil bo 
the case 0 fortiori , if the screen A TV is still farther removed, as to A"B . But if 
the screen bo moved to a shorter distance from the slit, such that AP — oV is 
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more than $A, and equal to n times l\, then if n is even, each half of the wave AB 
•may be divided into an even number of elements of interference, whose actions 
destroy each other two by two. There will then be a 
dark band at the central point P. If, on the other 
hand, n is odd, there will remain ope element whose 
action is not neutralised, and the central band will be 
bright. Hence, as the screen is gradually removed 
farther from the aperture, the central band will be 
alternately bright and dark, until the distanced such 
that AP — oP — ^A, at and beyond which it will ho 
always bright. The same alternations may be produced 
by diminishing the width of the aperture AB, while the 
distance oP remains constant. „ 

There are also fringes in the beam of light to the right 
and left of P. Suppose that the distance of the screen 
is such that the central band is bright, and AP — op M 
h\, and let n be a point such that Bn — An = 2 . £a. 
The arc AB may then be divided in a, so that 
nB — na — na — nA=\K. The vibrations communicated 
to n by the two arcs An, wB will then destroy one 
another to a groat extent, so that there will be a dark 
band at n. At c , so situated that cB — cA = 3 a, tliero 
will be a bright band, because the arc AB may then 
be divided into three elements of interference, and so on. 
A precisely similar explanation applies to the ease in which the central band is dark. 

The interior fringes recede farther from the central point P, as tli6 distanco of 
the screen is greater in proportion to the width of the aperture ; ami when the screen 
is placed at such a distance that BA" — AA" *=• £a, the first dark band will be at A", 
and consequently there will be no fringes within the beam of light passing through tho 
aperture ; the distanco of tho screen at which they cease to be produced is less as tho 
aperture is narrower. 

External Fringes. — The mode of production of these fringes is similar to that of the 
internal fringes just considered. Any point N, within the shadow on either side, will 
be a centre of a dark or a bright band, according as NB — NA is equal to an even or 
an odd number of times ^A. These external fringes rapidly lose their distinctness as they 
recede from the edge of the geometric shadow, and disappear altogether when the slit 
is so wide that the vibrations emitted from tho point B are no longer sensible at A. 
For the simultaneous production of external and internal fringes, therefore, the aperture 
must be neither too wide nor too narrow. 

The loci of both the external and internal fringes are hyperbolas having their foci 
in A and B. All the fringes are broadest in red and narrowest in violet light, and in 
white light are paade up of bright hands of various colours. 

3. Fringes produced by two narrow slits very close together . — The two beams of light 
interfere and produce fringes, precisely as in Fresnel’s experiment with the mirrors. 
This, which is Young’s form of the experiment, is similar to that by which Grimaldi 
originally showed that light added to light may produce darkness. 

4. Fringes produced by very narrow screens. — Xn this case also fringes sre produced 
both within and without the shadow. A hair or a thin* wire held between the eye and tho 
flame of a candle or a bright line of light, exhibits $rese fringes very distinctly. Suppose 
that the screen A B, instead of being of indefinite extent towards B. as in fig . 649, is so 
narrow that the light passing by each of its e^ges A, B (Jig. 651), goes beyond tho 
middle of the geometric shadow AT' ; tho rays will then act upon each other so as to 
produce fringes within the shadow, independently of those beyond it. The latter are 
also modified, because the points at which they are formed likewise receive light from 
the opposite edge of the narrow screen, which contributes to their formation ; in fact, 
on interposing an opaque body so as to cut off the light from one edge of the screen, 
the external fringes immediately alter their appearance, and the internal ones disap- 
pear altogether. 

Formation of the internal fringes.— It the screen AB {fig. 651) is not extremely 
narrow, the internal fringes differ but little from those which would be formed by 
two slits placed at A and B ; for the direction of vibration at any point n within the 
shadow is then determined by the action of the two elementary portions of the ware 
immediately contiguous to A and B. When the screen is extremely narrow, the result 
is the same, excepting that the effect of the first elements of interference Aa, Ba, of ths 
ares Ad, Bd*, being modified by*the other portions of these waves, which partly neu- 
tralise their action, the points, o, o\ from which the resultant actions of these wares 
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may be considered as proceeding, are situated somewhat closer to A and B than the/ 
would ho if the portions of the wave beyond a and a' were cut off. At any point 
n within the shadow, there will be a light or a dark 
band (in homogeneous light), according as on — on is 
equal to an odd or even number of half-undulations. 

Tne point P in the middle of the geometric shadow, 
being perfectly symmetrical with regard to the arcs 
A d, Bo, receives from them accordant impulses, and is 
therefore the centre of a bright band. 

The fringes are wider apart in proportion ns AB is 
smaller, because in order, to obtain a given difference 
of length in the rays on , on, the point n must then be 
taken farther from P. This may be verified by viewing ■ 
a rifcedle held parallel to a bright line of light; the 
fringes are then much broader near the point than near 
the eye. 

5. Fringe s produced ley screens or apertures which arc 
nkry small in all directions — The effects in this cuso 
are much more complicated than in those above consi- 
dered, where the edges of the screen or aperture are 
supposed to be straight, and so much elongated that it 
is sufficient to consider the effect of the cylindrical wave 
situated in a section at right angles to the screen or 
aperture. But in the case now under consideration it is 
necessary to consider the actions resulting from all the 
points of the free surface of the wave, and the problem becomes too complicated to be 
treated without the aid of the higher analysis. Wo shall therefore merely enumerate 
the effects produced in a few of the more siniplo cases. 

When rays proceeding from a luminous point pass through a small circular aperture 
circular fringes are formed, both within and beyond the geometric image. The 
circular aperture may in fact be regarded us a number of very narrow rectilineal 
apertures radiating from the centre. In homogeneous light the rings are equidistant, 
and their diameters are inversely as that of the aperture, excepting that the distance 
from the centre to the first ring is loss than that, between two consecutive rings. The 
centre is bright or dark, according to the proportion between the size of the aperture 
and its distance from the screen, and l ither the oxternul or internal rings may disap- 
pear according to these dimensions. 

A small circular screen also produces fringes similar to those of the linear fringes 
formed by a narrow rectangular screen. At certain distances, the centre of the shadow 
is as bright as if the screen were not there. 

A small rectangular aperture forms two series of fringes at right angles to its sides ; 
their distances being inversely as the widths of the aperture in all directions. There 
is also a great number of small spectra, regularly distributed iu the angular spaces 
formed by the two series of fringes. 

Two small circular apertures placed at a certain distance from one another, form two 
series of rings just as if each of them existed alone ; but if they are close enough to 
make the rings overlap, the rays proceeding from the two likewise produce, by their 
interference, a series of very close rectilineal fringes at right angles to the line 
joining the centres of the apertures, together with two sets of oblique fringes passing 
through the middle point between these centres. This is the original experiment of 
Grimaldi already referred to (p. 604). 

6. Diffraction through Gratings or Networks. — When light, instead of 
passing through one or two small apertures, passes through a great number of them 
very close together and regularly distributed, some very remarkable diffraction pheno- 
mena are produced, which were discovered by Fraunhofer. Such h system of apertures 
is called in optical language a grating ( rescan , Fr. ; flitter , Germ.). 

Fraunhofer formed his gratings: — 1. By winding a very fine wire round two parallel 
screws of equal diameter and very fine thread. — 2. By tracing very fine parallel lines 
on a film of gold-leaf fixed on a plate of glass. — 3. By tracing lines with a diamond on 
a plate of glass, the lines thus formed being opaque, while the intermediate spaces are 
transparent. This is the method now generally adopted, a dividing engine being used 
to ensure regularity in the lines. Sometimes the lines are traced on glass covered 
with a thin coat of varnish, and etched with hydrofluoric acid. Whon great regularity 
is desired, the number of lines in a millimetre must not exceed 300, and 88 iu that 
■pwe are sufficient for the complete manifestation of the phenomena. 

Effects of Parallel gratings. —A line of light viewed through a grating formed by 
parallel lines, appears just as it would to the naked eye, excepting that it is somewhat 
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fainter; while on either side is seen a dark space N Op. 652), followed hj a epectruot. 
r the violet within, and its colours so pure that the principal fixed lines 
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he easily distinguished in it. Then comes another dark space narrower than M 
former, then several other spectra more and more extended, but overlapping eacli othej|| 
more and more, so that their colours become paler and finally disappear. These 
spectra may however be separated by viewing them through a prism, the fixed line# 
then appearing. In homogeneous light, nothing is seen but isolated band* of the colour 
of the light employed, being in fact the corresponding portions of the several spectra. 

Masson has observed that the electric light viewed through a grating exhibits bright 
lines, as when seen through a prism. 

To measure the breadth of these spectra, the grating o is placed in front 6f tu$ 
parallel slits e, c ( fig . 653), the distance between which admits of variation. Two 
systems of spectra cc, cc are then seen, which are partly 
superposed, but may bo distinguished by placing one of the 
slits a little higher than the other. To find the position, or 
anglo of deviation, of any given fixed line, the slits mupt bo 
separated, or t he grating moved farther back, till this line a, '4 
belonging to the right-hand spectrum formed by the slit c," 
coincides with the same lino d in tho left-hand spect.ru 
the same order formed by tho slit c. The angle roc, is th<5, 
equal to twice the anglo of deviation sought, viz. aoe ==D;' 

and the right-angled triangle aco gives tan D = — \ orD = 

no 2 no 

taking the angle for its tangent Tho angle of deviation is 
therefore given by the distance between the slits and their 
u distance from the grating. 

lly observations thus made it is found that : — 1. The middl^ 
points of the successive spectra are equidistant, or in other words, the deviations of 
these middle points are to one another as the numbers 1, 2, 3, 4, &e. 

2. The lengths uf the successive spectra, or the distances between two of their cOr- . 
responding fixed lines, are to one another as tlio same numbers. 

3. The difference of thickness of the opaque and transparent lines has no influence 
on the position of the spectra, but merely modifies their brightness. 

4. The lengths of the spectra depend upon the sum of the widths of an opaque and 
transparent space taken together; tin's sum is called an element of tho grating* 
The deviation of any given line is inversely as the distance between two elements, cor 
it is proportional to tho number of elements in a millimetre. When this number is 
100, the first, spectrum has the same width as that produced by a flint-glass prism of 

60°. Moreover the spaces occupied by the several colours p£ 
the spectra are sensibly equal, so that the spectrum thus formed^ 
may be called a normal spectrum , and may serve as a standard^ 
of comparison for the irregular spectra produced by prisms. 

The preceding laws may he comprised in the general formula, 
t> = 7/1*1*, where D is the deviation of a fixed line in tho spec- 
trum of the 7/i'th order, N number of the elements of the 
grating^ in a millimetre, and * a constant depending upon the 
colour in which the line is situated. 

To explain the mode of formation of these diffraction spectra, 
let Ac (Jig. 653) be the surface of the grating, a, b, c, <1, c the 
opaque spaces. Suppose the eye placed at C, and the distance 
CS of the line of light to be so great, that all the rays proceed^ 
ing from it to tho grating may be regarded as parallel, aud the 
surface of the wave passing by the point A, as coinciding with A r. 
tf the grating Were removed, the slit s would be seen in the 
direction CS, and no light at all would be seen in any other 
direction, the elements of interference on the wave Ac, neutral- 
ising one another by pairs. The presence of the grating does ,, 
not impede the view of the slit, or alter its apparent positioi%^| 
and on each side of the slit there is a dark space, just as if the grating were ' " 
there. But at a certain distance Ad, such that an opaque line of the grating < 
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rovers the element of. the wave which would counteract the action of the preceding 
l&toient, light will be seen in the direction Crf, the distance Ad being greater in pro- 
portion as the eye is farther from the grating. If, for example, the angle A Crf is of 
such a |iagnitude that dC — oC = oC - cC — $A of the violet, the vibrations commu- 
nicated ItO the point C by the element co, will not be destroyed by od , and violet light 
will 1*0 Seen in the direction Co, brighter in proportion as the edge of the dark space 
is aeatfer to o. 

calculate the deviation rfCA = rf, describe the arc cr having its centre atC; 
jjjfa tpiangl^ rfer gives dr = A = cd sin d; and supposing cd to be contained N times 
frk a millimetre, we have then 1 = N. cd, and the preceding equation gives sin rf^NA, 
Staking the angle for. the sine, rf = Na, which is in fact flic general formula of the 
diffraction -spectra (D — WviN ) applied to the case of the first spectrum. It shown 
that the deviation is independent of the difference between the opaque and the trans- 
parent spaces, and that the constant k is the length of an undulation corresponding 
Iq the colour under consideration. For the other colours, we iind in like manner 
d* mm NA', d" a Na', &c., A being greater A, and A" greater than A' &c. The colours 
«11 therefore appear one after the other, at angular distances sensibly proportional to 
S, V, A", &c. 

Consider, in the next place, another element of the grating at, such a distance from 
A that the difference dC — cC — 2A, or in general to mh, m bring a whole number. 
The interval may then be divided into 2m elements of interference corresponding 
to differences of distance from C, equal to A A. and these elements being of even 
if number, the actions resulting from their several points would counteract one anotlior 
two by two, if there were no opaque spaces. But. if the opaque spaces cover 
^meven number of elements , so that an uneven number also remains free, one of thfJlt: 
fatter will act unopposed, and there will be light in the corresponding direction. Tbtt-4 
triangle edr, then gives d = wAN, which is the general formula above given. 

It remains to be seen why the light of any particular colour is wanting between the 
luminous band which corresponds to the difference of distance vi\ from C, and that 
which corresponds to (m + 1)A. Now between the lines of the grating corresponding 
to these two bards, two zones may be found in which the differences of distance from 
the point C increases from m\ to m\ + ^A, then from this latter to m\ + 2 . jA «. 

-f 1)A. The rays emanating from the corresponding points of these two zones 
differ in length of path by ±\, and destroy one another on reaching the point C. 
Dark bands will therefore occur in the direction of these zones. In white light, how- 
ever, the colours, by overlapping one another, obliterate all these dark bands, excepting 
the first two on either side. 

*7 If the source of light is too near the grating to allow Ihe rays to bo regarded as 

i. parallel, tho same, mode of explanation is still applicable, only it becomes necessary to 
' tBko account of the difference of path of the contiguous oblique rays at the moment 

wheg they reach the grating. 

llie formula sin d = wNa, shows that when NA is greater than 1, that is to say 
when*—, or an clement of the grating, is less than A, sin d becomes greater than 1, which 

£» impossible ; in this case therefore no spectra can be formed, and in fact gratings 
tfjrhich have their bars too close do not form any. 

* If the spectra are observed in any other medium, as when the slit and grating are 
placed at the opposite ends of a tube filled with water or other liquid, then, if l is the 
length of an undulation of violet light in that liquid, the deviation will be if, Na, 
which combined with the equation d = Na, for the deviation of the same part of the 
spectrum in air, gives d x : d ** l : A, which is the ratio of the indices of refraction in 
the medium and in air. 

Measurement of A. The equation, sin d — Na, gives the means of measuring 
with great accuracy the wave-lengths corresponding to the several fixed lines of ilia 
spectrum, which cannot be done with the interference-fringes in Fresnel’s experiment 
(p. 699), because the lines are not distinct. It is by this method that. 13abi net deter- 
mined the values given in the table on p. 600. 

Irregular Gratings. — Gratings whose bare are totally destitute of regular arrangement 
produce nothing buta whitish train of lighlal right angles to the bars : but if the irregulari- 
ties are subject to a certain law and recur periodically, spectra am produced, wJjobc devia- 
tion is expressed by the formula sin d in which L denotes the space comprising one 

complete set of bars. The successive spectra then differ greatly in brightness ; some 

j. We very pale, and, occurring by the side of very bright ones, partly overlap them, but 
40 not perceptibly alter their colours : hence lines maybe distinguished in some of 
these spectra of the higher orders, which cannot be seen in the spectra of the correspond- 
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ing orders formed by regul%r gratings, because they are obliterated by superposition. 
By looking at a candle with the eyes nearly closed, so that the eye-lashes form a grat- 
ing, a horizontal Hne of whitish light is generally seen, because the eye-lashes are for 
the most part at unequal distances ; frequently, however, very distinct spectra are pro- 
duced. Very fine spectra may be seen by looking at the sun or a bright flame through 
the plume of a crow's feather. 

Gratings or Network with square or round bars or meshes. — Gratings with square 
apertures may be formed of two sets of parallel bars crossing one another. A piece of 
muslin or riband exhibits such a structure. Such gratings form a great number of 
small spectra, some disposed along the arms of a cross parallel to those of the squares, 
others distributed obliquely in the four right angles. The appearance is very brilliant, 
and varies with the size of the meshes and the distance of the luminous point. 

Reflecting Gratings or Striated Surfaces. — When light is reflected from surfaces 
covered with striae alternately bright and dull, the same spectra are produced as wlften 
it is transmitted through a grating : for the reflected rays are in the same state as if 
they had been transmitted through the striated surface from a point as far behind as 
the actual luminous point is before it ; the spectra are not, however, quite so bright as 
those produced by transmission. The iridescence of mother-of-pearl is produced by 
very fine striae resulting from its foliated structure ; a cast taken of it in soft wax, 
mastic, or fusible metal, exhibits a similar iridescence. Fibrous gypsum exhibits 
colours due to the same cause. The feathers of certain birds likewise owe their bril- 
liant colours to diffraction of the light reflcctod from the very fine filaments of which 
they are composed. 

Half-polished metals sometimes exhibit iridescent colours, duo to the parallel strife 
produced by the hard powder used in polishing them; but as these striae are seldom 
regular, the usual effect is merely a whitish line of light, at the points from which tho 
rays are reflected to the eye. Barton's buttons , which are metallic buttons haring 
very fine lines engraved on their surfaces by a peculiar machine, exhibit magnificent 
diffraction spectra. 

Reflection and Refraction* 

When a wave of light reaches the surface of separation of two media of different 
densities, its vibrations are not only propagated onwards into the second medium, but 
likewise reflected back into the first, each part icle of the ether at the surface of separa- 
tion then becoming a centre of disturbance from which fresh waves spread out in all 
directions. To find the directions of the reflected and transmitted waves, let MN 
{jig. 655) be the separating surface of two media (air and water, for example), and 
an incident beam of light of infinitely small section, so that the rays composing 
it may he regarded as parallel, and the wave-surface, be, perpendicular to their direction, 
as plane. Now the several points of this wave-surface, cb, do not all meet the surface 
MN at the same instant, but each point, as it readies that surface, becomes a centre of 
disturbance from which elementary waves are excited in both the media bounded by 
MN. Moreover, tho velocity of propagation of the waves in the two media is different; 
because the density of the ether in the one is greater than in the other (pp. 596, 601). 
Suppose the lower medium to be the one in w hich the ether has the greater density, 
ana that the velocity of transmission of the light-waves in it is f as great as in the 
upper. Then, by the time the point c of the incident-wave has travelled on to a, a wave 
will have spread out from b , in each medium, of a radius bd — ac in the first, and hf « 
| ac in the second ; also from any intermediate poiqt e ( ea being a portion of wave- 
surface parallel to be), a wave will spread out of radius ed =» aa in the first, and c/' = 
| aa in the second. Now each of these elementary waves produces no perceptible effect 
by itaelf, a sensible disturbance of the ether or ps&fluction of light taking place only 
where a number of them act together, that is to' say, in the first medium, along the 
plane surface ad, and in the second along af ; and straight lines ar, hr, aq, bq\ &c., 
drawn at right angles to these surfaces from the several points between a and b f will 
give tho direction of the reflected and transmitted rays. 

. In the first medium, the triangles abc, abd being equal in every respect* the angle 
abd a* the angle bac, that is to say, the incident and rejUcted rays make equal angles 
with the reflecting surface , and therefore also with the normal Pa. The angles which 
these rays make "with the normal are called the angles of incidence ana reflec- 
tion respectively. 

- The symmetry of the figuro with respect to the plane of incidence, i. c . the plane 
passing through the incident ray and the normal, snows also that the reflected ray is 
contained in the plane of incidence . 

The ray which passes on into the second medium is also contained in the plane of 
incidence, but is bent or refracted out of its previous direction, and does not make 
the same angle with the normal as the incident ray does. The angle of incidence 
F<?sca« is equal to the angle eba, and the angle of refraction Hay * r is equal to baf ; 
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and the right-angled triangles obc, abf give ac-ab sin «; and bf**ab sin r; therefor®, 

Fig . 655. 



min i : sin r =* ac : />/. But the spaces ac, 5/ ft-aversed by the ray in tho same time, 
are to one another as the velocities t*, v of light in tho two media: hence 

sin s v 

sin r *“ 7 

That is to say, the sines of the angles of incidence and refraction are to one another in 
a constant ratio , namely , that of the velocities of light in the two ?ncdia. This ratio, 
which is also that of the lengths of the waves A : A' in the two media, is called the 
index of refract ion, absolute or relative, according as tho ray passes from a vacuum 
into a ponderable medium, or from one ponderable medium to another. The absolute 
index of refraction of a medium, usually denoted by the letter y, is the reciprocal of 
the velocity of light in that medium referred to the velocity in a vacuum os unity ; 
it is always greater than 1. If /u, y! are the absolute indices of two contiguous media, 
say water and glass, the deflection of a ray passing from the one to the other will bo 
determined by the equation sin • y 

sin r y* 

which likewise holds good if y, y are the indices cf refraction of the ray in passing 
from any one medium, as air, into two others, as water and glass. 

When y is greater than y\ that is to say, when the velocity of transmission, or tho 
length of the wave is less in the second medium than in the first, the ray is refracted 
towards the normal ; when y is less than y\ it is refracted from the normal. 

In the latter case, the angle of incidence may be such that the sine of the angle of 
refraction would be equal to or greater than 1 ; under such circumstances, the ray does 
not pass into the second medium at all, but undergoes total reflection into tho first. 
The value of the limiting angle, 6, at which refraction ceases to take place, is given by tho 

equation, sin 0 » A sin 90° — 

Limitation of the refected and refracted rays, — The preceding explanations show 
that there must be reflection and refraction in the directions above determined, btit 
they do not show why the reflected and refracted rays are confined to these directions ; 
for as each point of the surface aJj {fig. 6 56) is a centre of disturbance, from which 
waves spread out in hemispheres, it would seem as if rays should be reflected and 
transmitted in all directions. And such is in fact the case ; only, as Fresnel has shown, 
oil the rays oblique to the refected and refracted beams rabr t qabq\ destroy one another 
by their mutual interference. 

Suppose an, cn {jig. 654) to be two parallel refracted rays, very close together, but 
not in the direction determined by the law of the sines. Draw ca and ttfi perpendicular 
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to ml and en'\ then a vibration of the ray sa, in reaching the surface ah, will have 
travelled over a space greater by aa than the corresponding vibration of the ray te • 
but when the two arrive at the surface ( of the refracted wave, te will have moved 
over a space which, expressed in wave-lengths, is greater, by p . efi — aa, than that 
passed over by sa. Let i be the angle of incidence, ara, and p the angle of refrac- 
tion, eaj 8, of the ray an. Then the right-angled triangles efia, ea a give e& = ae . sin p ; 

* , . , p . e& — an 

aa 3 = ae . sin i ; therefore p.cfi — aa = ae (p . sm p — Bin i) ; and ae — " p _ 8in 

Now the rays an, en will destroy one another by interference whon the difference 


p # e 0 _ aa — ; therefore, when ae « 


JiL. 


This sIiowb that ae is smaller, 


or the interfering rays are closer together, the more the ratio differs from p ; but 


sm p 


when it is equal to p, that is, whon the refracted ray is in the direction indicated ?>y 
the law of the sines, ae becomes infinite, ami therefore there is no interference. 

A precisely similar construction and demonsti^ition, applied to the reflected rays 
n«", wT {fig. 655), shows that the contiguous reflected rays destroy each other in all 

Fig. 656. 



cases excepting when sin p * sin ?, that is to say, when the ^reflected and incident rays 
make equal angles with the normal. If, however, the point a is very close to the left- 
hand edge of the mirror, the reflected ray m* will not exist, and an will not be de- 
stroyed. Hence if the mirror ia very narrow, the rays, reflected obliquely to the beam 
rabr' are not completely destroyed, and the reflected beam becomes divergent. Fresnel 
verified this theoretical deduction by blackening the surface of a mirror, with the ex- 
ception of a very narrow triangular space. The be«fc>, of light reflected from this space 
was broadest at the narrowest part of the reflecting. surface, so that the image which it 
formed on a screen was a triangle with truncated summit, in a position the reverse of 
that of the reflecting triangle. 

The reflected and refracted beams are always less bright than the incident beam. 
In fact, they would be together equal in intensify to the incident beam, were it not 
that part of the light is scattered in all directions, by reflection from minute irregu- 
larities on the surface of the medium ; and secondly, tliut a portion of it, often very 
considerable, is apparently lost by absorption. This process doubtless consists in 
a communication of the vibratory motion of the ether to the particles of the pon- 
derable body itself, the particles thus set in motion again acting as centres of vibra- 
tion, and exciting fresh undulations in the surrounding ether, thereby rendering the 
body visible. The vibrations excited in the particles of a ponderable body by the 
movements of the ether likewise produce numerous changes in the state of the body 
itself, raising its temperature, and setting up certain chemical actions within it, which 
will be afterwards more fully considered. It is true that the ether transmits vibratory 
movements which render bodies hot, and others which determine chemical changes 
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in them without directly rendering them visible ; b^t it is probable that the lumin- 
iferous waves themselves likewise alter the thermic and chemical conditions of a body, 
that is to say, excite in the molecules of the body, vibrations which result in thermic 
and chemical changes, and do not again excite luminiferous waves in the ether. In 
other words, a certain amount of light is lost in producing heat and chemical change. 
In passing through a transparent medium, such as glass or water, with polished sur- 
face, and very little colour, the amount of light lost by absorption is but small ; coloured 
media transmit certain rays and reflect or absorb others. When light^falls on the 
surface o&gn opaque body, such as a metal, the path of the refracted ray cannot be fol- 
lowed, inasmuch as it is completely absorbed by an extremely thin stratum of the surface. 

The general laws of reflection and refraction having boon established, the application 
of them to determine the path of a reflected or refracted ray under any given circum- 
stances is a problem of pure geometry, into which we do not propose to enter in this 
article, further than to speak of refraction through prisms, which is of special import- 
ance in the determination of indices of refraction. 

A prism, in optical language, is a* transparent medium, bounded by plane surfaces, 
not parallel to one another. The edge in which these surfaces meet, or would meet, if 
produced, is called the refracting angle of the prism. Solid prisms for optical use 
are generally made either of glass or of rock-crystal, and with triangular section. Such 
a prism has three refracting angles, which may be either equal or unequal. The face 
of a triangular prism opposite the refracting angle is called the base. Liquid prisms 
are made by inclosing a transparent liquid in a wedge-shaped glass, having its in- 
clined sides farmed or plate glass. One of the sides may bo made to move on a hinge 
so as to vary the refracting angle. 

Let us now trace the course of a ray of light through a prism. If II AC {fig. 650) bo 
a prism of glass or any transparent material of greater refracting power than the sur- 
rounding medium, a ray 

SI, entering at I, and * Fig. 666. 

making an angle i with 
the normal, NIF, will be 
refracted within the prism 
in the direction IE, mak- 
ing with the normal an 
angle r less than i. This 
ray emerging at E, will 
pass on in the direction 
ER, making with the nor- 
mal to the face AC, an 
angle <? greater than the 
angle r which IE makes 
with the same normal. 

The final result is to bend 
the ray away from the re- 
fracting angle, or towards 
the base of the prism ; accordingly an eye placed at R will sec an object S in the 
direction RE/, as if it had been moved upwards towards the summit of the prism. 
The angle So/ «* D contained bet woen the incident and emergent rays is called the 
angle of deviation. It is evidently equal to the sum of the angles IE o, Elo; that 
is, D pm i — r + e — r\ But tho triangle IEF shows that r + r -= IFw, the angle 
contained between the two normals, and therefore to the refracting angle of the prism, a. 
The deviation is therefore given by the formula: 

D = i + e — a. 

For a given angle of incidence i, it increases with tho refracting angle of the prism 
for suppose a to be increased by 5, then since r is constant, and r + r — «, r' must 
also increase by 5, and therefore e by /uS, /a being greater than 1 ; that is to say, e in- 
creases more than a, and consequently 1) increases. 

When the refracting angle is constant, the deviation varies with the angle of 
incidence, and attains a minimum value when tho incident and emergent rays make 
equal angles with the refracting surfaces. To show, in the first place, that this latter 
condition is possible, suppose that an incident ray coinciding with the normal NI {fig, 
667) is gradually inclined into the position SI ; the angle r, which is at first e^ual to 
0°, will also increase continually, and therefor© r must diminish, since r + r ■» a ; 
moreover since a must be less than 180°, and r may increase to 90°, the incident ray 
must eventually come into a position in which r — r, and therefore* — e. 

Now let SI and ER (fig. 667) be the rays which make equal angles with the normals 
and suppose that SI moves into the position ST closer to the normal ; r will then diminish, 

- * 
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and tberrfott / mdst increase bj^ the same quantity } « will therefore also Inowaae, and 

become greater than i. su'd since sin s and nn V aw *«*, ti M 

sin f and sin r, the difference between sin e and sin r' mast be greater than tint 

between sin i and sin r; a for . 
Fig. 657. tiori, therefore, the angles e and 

r' most differ more than i and r. 
The angle e has therefore in- 
creased more than » *has dimi- 
nished, and consequently the 
deviation, D = i + e — a, must 
also have increased. In a simi- 
lar way, it may beeshown that if 
the incident ray enters below SI, 
the increase of * will be greater 
than the diminution of e. The 
deviation is therefore increased 
by shifting the ray SI either way 
from its position, that is to say, 
the deviation is a minimum when 
the incident and emergent rays 
are equally inclined to the surfaces of the prism, or to the normals . 

In this case, the expression for the deviation becomes D = 2i — a, which gives i =» 

— D ; also, since r and r are equal, we have r « ^ : hence also : 

= sinj sin § (a + D) 
sin r sin J a * 

an expression which gives the index of refraction of the medium forming the prism, as 
a function of the refracting angle of the prism and the angle of minimum deviation. 
This affords one of the best means of determining indices of refraction. 

Measurement of the Index of Refraction of Solids and Liquids.— 1. To measure the 
angle of the prism: the prism ABC ( Jig . 658) is fixed in such a manner that its edges 

may be perpendicular to the divided circle of a 
theodolite o ; and a mark S, placed at such a dis- 
tance that the rays proceeding from it may bo 
regarded as parallel, is viewed througli the tele- 
scope, first by reflection from AB, then directly, 
and the angle S oi—d is measured. The theo- 
dolite is then moved to o', and the same mark is 
viewed directly and by reflection from AC, and 
t he angle S'"o i *= d! is measured. Half the sum of 
these two angles is the measure of the angle A. 
To show this, draw AD parallel to the direction 
of the iucident rays, and dividing the angle A into 
two parts, a and fi. Then a «=» S'*A = oi B, and 
therefore 2a = 180°— S 'to. But Sot = d = 180° 

— S Vo ; therefore d = 2a. In like manner it may 
be shown that*<r=* 20 ; consequently a + fi = 


Fig. 658. 



on a vertical axis. 


A-jK*+«fr 

2. To measure the minimum deviation, the 
prism is fixed on a support capable of turning 
A very distant mark m (Jig. 659) is viewed with the theodolite o, 


first directly in the direction om, then through the prism in the direction om " ; and 
Fig. 659. the prism is turned round till 

the angle worn" between these 
two directions is reduced to 
its smallest possible magni- 
tude. The angle so deter- 
mined is the angle of mini- 
mum deviation, provided the 
mark is so distant that the 
rays proceeding from it may 
be regarded as parallel. A 
distant lightning-conductor 
forms a very 'good mark for 
the purpose in the day-light ; 
• slit in the shutter of a dark room, provided the room be large, may also be used. 
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Observations are made by artificial light, with a lamg surrounded by a jacket tin 
plate having a vertical slit. 

In this last case, the mark is seldom far enough off to allow the divergence of the 
rays to be neglected. Let a be the angle of divergence, and o the angle mom”. The 
triangle moo gives. 


180° — o + o + (180® — m"cm) — a + o + 180° — (2« - a\ 

This givjm i — i(<* + 0 + 0), and therefore 

sin $(a + 0 + a) 

** "* sin 

The angle a may be measured by transporting the theodolite to m. But os a is veiy 
small, it is generally considered sufficient to measure the length of the perpendicular 

«P and the distance wP, by stretching a cord from 0 to m ; then tan a — - n . 

mi? 

A very convenient method of obtaining parallel rays is by the use of the colli- 
inator, an instrument consisting of a telescope-tube blackened inside, and having two 
wires, one vertical, the other horizontal, fixed within it, and crossing in its axis. When 
the tube is directed towards a window, the wires, being illuminated by a beam of 
parallel rays, form a shadow which may bo regarded as an object placed at an infinite 
distance. If a convex lens be placed at one end of the tube, and the cross-wires in its 
principal focus, the collimator may be used in the same manner for observations with 
artificial light : for when the other end of the tube is directed towards a lamp, the rays 
crossing each other at the intersection of the wires will issue parallel after passing 
through the lens, and will therefore bo brought to a focus by another telescope just 
like those proceeding from a celestial object. 

In all observations of indices of refraction, it is necessary to specify the colour of 
the light to which the observation refers. Solar light-, and lamp, candle, or gas light 
are in fact of composite nature, and separable by refraction into coloured rays of 
unequal refrangibility ; consequently, any lino of light viewed through a prism appears 
widened and fringed with bands of colour parallel to its edges. It is usual to make 
the observations on the yellow rays, which are situated towards the middle of tho 
coloured image, or spectrum, and possess the greatest brightness, lint as each colour 
occupies a certain breadth in tho spectrum, and the boundaries of the several colours 
are not very well defined, it is by no means certain that two observations trmdo oja 
the same colour will refer to exactly the sumo part of the spectrum. Tho difficulty 
thence arising is however completely removed by the observation of certain fine dark 
lines, discovered by Fraunhofer, in the solar spectrum (p. 620), which are parallel to 
tho lines of separation of the different colours, and are always disposed in the same 
manner in each colour, whatever may be tho nature of the prism. The spectra of 
flames and of the electric light exhibit bright bands, likewise of fixed position for 
each particular source of light. 

A very sharply defined mark may be obtained without recourse to the fixed 
lines, by replacing tho vertical wire of tho collimator with a sewing needle. The 
coloured bunds parallel to the edges of the needle overlap one another towards tho 
point, forming a well-defined line of separation between two very distinct colours, a 
bluish-green and a deep rose tint. (H. Devi lie.) 

Determination of Refractive Indices by Interference. — The displacement of the 
fringes in Fresnel’s experiment (p. 600) furnishes a very delicate method of determining 
indices of refraction. A thin film of tho transparent substance being placed before one of 
the mirrors (Jiff. 645), so as to intercept part of the pencil of rays reflected from it, the 
number of ranks through which the central fringe is displaced is observed. Lqt R bo 
this number, e the thickness of the film, m and ?/i the number of wave-lengths, A and A', 
included within the thickness e of the air and the transparent film : then 


9 — mA 


m\' : whence — 
* m 


A' 

A 


i 

V 


- 


But, since the central band is displaced through R ranks, we have also m — m + R, 
each additional wave-length in the film displacing tho central band one rank further. 
Consequently, 

m m + R e + Ra 
” m m e 

a formula which gives the index of refraction in terms of the thickness of the film u4 
tile wave-length. 

T1»J« im MtnMUflllv atmlicable to gi ics and vapours (p. 618). 
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Determination of the Index of Refraction of Liquids. — 1. By the method of least 
deviation . The liquid is inclosed in a wedge-shaped vessel, of which fig. 660 represents 
a tr ans verse section. The sides are formed of thin plate-^laBS, and it is essential to 
the accuracy of the observations that the two faces of each of these plates 
Fig. 660. should be parallel. As, however, this condition is seldom completely ful- 
filled, it is necessary to measure the deviation produced by^ the prism 
when empty, previous to making the observation with the liquid to be 
examined! The first deviation is then to be deducted from, or added to 
the second, according as it is in the same or in the contrary direction. 

As liquids are very expansible by heat, their indices of refraction may 
be sensibly affected, even by variations of temperature not exceeding those of the sur- 
rounding atmosphere. It is necessary, therefore, to make the observations at a constant 
temperature, to agitate the liquid briskly before making the observation, and to avoid 
using the direct rays of the sun, which mighft heat it unequally in passing through.it. 

2. By total reflection. — This method is especially applicable to very small quantities 
of liquid ; also to imperfectly transparent liquids and pasty substances, such as tlio 
crystalline lens of the eye. A small drop of the liquid is attached to the lower surfaeo 
of a right-angled prism BAL (Jig . 660), resting on a horizontal rule LL, in which a 

hole o is made to receive the drop. The prism 
Fig. 061. must be formed of a substance of known refrac- 

tive index, greater than that of the liquid. The 
drop of liquid is viewed through tho prism by 
means of a small telescope /, turning on tho 
centre of a graduated circle which slides up and 
down a vortical rule L/, fixed to the table. Tho 
telescope is at first fixed at such a height, that 
objects below the drop are seen through it ; but 
* on gradually lowering the divided circle, tho 
angle Ion continually increases, and at lost the 
rays coming from the other side of the prism 
at m aro totally reflected at o. Tho telescope 
is then fixed, and the angle a is observed. The angle nol is then oquui to tho 

the limiting angle 0, and sin 9 = /a being the refractive index of tho prism, and J 
that of tho liquid. Now the angle 9 90° - r ; therefore sin i - cos a « /* sin r = 

, - COS a , . a 

u cos 0: hence cos 0 =» , ana sin u 

t II 



- u . 1 — cos 2 a = - ; therefore 
A 4 M 


662. 


J = vV* — cos 2 a. 

Wollaston devised a modification of this method by which tho refractive index may be 

determined without calculation (see Miller’s Fit- 
ments of Chemistry , 3rd ed. i. 165; and Daguin, 
Traite de Physique, 2 ,n# ed. iv. 160). The slight 
trouble of calculation from the preceding for- 
mula is not, however, a serious objection to 
the method. A moro important objection 
arises from tho difficulty of making the prism 
exactly rectangular. To obviate this difficulty, 
Malus uhcs an acute-angled prism ( fig. 662), tho 
angle h of which is known. The observation 
being ma(Je as above described, we have, as 

before. £ =j£ 90° — o and sin 0 = Let the 

\i» , 

normal In be produced to meet the normal nn 
in n; then the angle n is equal to the angle b of the prism, and the triangle hio 

gives 0 =» r + b ; whence sin 9 — ^ = sin (r + b) = sin r cos b + sin b cos r. But 

fi sin r = sin i ; and the triangle Inn gives n'ln 
i = 90° — (b + /S) : therefore 


C— 


, 

1 

i 

f \ \ 


\ 

X 

ill \ 

jjlUjiikj 



l1, 


_1 


i + /J « 90° — b ; whence 


'CO s(6 + fi)i 


1 


cos r rnm ^ Jy? — COS*(6 + £). 

> /a sin 0 = cos (6 + £) cos b + sin b v'T** — cos 2 (b + 0). 


and 

This gives ; 

This method may also be applied to solids. Soft bodies like wax, or gelatinous 
organic bodies may be at once attached to the lower surface of the prism. Hard 
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bodies maybe attached by means of a liqnid of greater refracting power than the 
prism *- the total reflection will then take place just as if the solid were immediately 

attached. 

The same method also gives the index of refraction of the prism itself, the observa- 
tion being made without applying any liquid to the lower face. In this case, since the 
medium below tha prism is air, wo have /a' = 1, and the formula gives 

fA ts» v^i + cos* ( b "+ /3) 2 cos b cos (6 + 3)» 


The following tables contain the indices of refraction of several solids and liquids, 
determined by the preceding methods. They all relate to tho yellow rays of the 
spectrum, excepting those of Wollaston, which relate to the extreme red; 


Indices of Refraction of Solids . 


Name of substance. 

Index of 
refraction. 

Observer. 

Chromate off 

2-50 to 2 97 

Brewster. 

lead . $ 


Diamond 

2-47 to 2 7 5 

Br. ; Roelion. 

Phosphorus 

2*224 

Brewster. 

Glass of anti-) 

2*216 

» 

mony . ( 


Sulphur (na- ( 
tivo) . j 

2115 


Zircon 

1*95 

Wollaston. 

Borate of lead . 

1*866 

llerschel. 

Carbonate of) 
lead . ) 

1-81 to 2 08 

Brewster. 

Ruby 

1*779 

»» 

Felspar . 

1*7«4 

>» 

Tourmalin 

1-668 

„ 

Topaz, colour- ) 
less . J 

1*610 

Biot. 

Beryl 

Tortoise-shell . 

1*598 

1*591 

Brewster. 

Emerald . 

1-585 

„ 

Flint glass 

1*57 to 1*58 

Br. ; W. 

Rock-crystal . ; 

1*547 

Wollaston. 

Rock-salt 

1*545 

Newton. 

Apophyllite ‘ . 

1*54 8 

Brewster. 

Colophony 

1*643 

Wollaston. 


Name of ?ul>Ktanco. 

Index of 
refraction. 

Obwrver. 

Sugar 

1*535 

Wollaston. 

Phosphoric acid . 

1*634 

Brewster. 

Sulphate of cupper 

1*531 to 1*552 

Young. 

Canada balsam . 

1*532 

Citric acid . 

1-527 

Brewster. 

Crown glass 

1*525 to 1*534 


Nitre . 

1*614 

it 

Plate-glass . 
Spermaceti . 

1*514 to 1-512 

tt 

1*503 

Young. 

Crown glass 

1*600 

Wollaston. 

Sulphate of po- ) 

1*600 

Brewster. 

tassium . ( 



Ferrous sulphate . 

1-494 

tt 

Tallow ; wax 
Sulphate of mag- ) 

1-492 

Young. 

1-488 

Browstor. 

nesium . ) 


Ireland spar 

1-654 

Malus. 

Obsidian 

1-488 

Brewster. 

Gum . 

1-476 

Newton. 

Borax 

1 476 

Browstor. 

Alum . . . 

1*467 

Wollaston. 

Fluor spar . 

1*436 

Brewster. 

Ice 

1*310 

Wollaston. 

Tabasheer . 

11116 

Brewster. 


Indices of Ref raction of lAquids. 


Name of liqnid. 

Index 

<>t re- 
fract l« ill. 

Observer. 

Name of liquid. 

Index 
of re- 
fraction. 

* Observer. 

Sulphide of carlwn . 

1-078 

Brewster. 

Solution of potash | 



Oil of cassia . 

1*031 

Young. 

(specific gravity ^ 

1'405 

Fraunhofer. 

Bitter almond oil . 

1 603 

Brewster. 

1*410). . J 



Nut-oil . 

1*500 

M 

Hydrochloric acid) 

1*410 

Biot. 

Linseed-oil 

1*486 

Wollaston. 

(concentrated) ( 



Oil of naphtha 

1*475 

Young. 

Sea-salt (saturated) 

1*675 

M 


( Brewster : 

Alcohol (rectified) . 

1-372 

Herschcl. 

Rape-oil 

1*475 

) Young. 

Ether 

1*358 

Wollaston. 

Olive-oil 

1-470 

Brewster. 

Alum ; saturated . 

1-356 

llerschel. 

Oil of turpentine 

Oil of almonds 

1-470 

1*469 

Wollaston. 

Human blood 

White of egg . 

1-364 

1*361 

Younjo;. 
Euler, jun. 

Oil of lavender 

1*467 

Brewster. 

Vinegar, distilled . 

1-372 

Herscnel. 

Sulphuric acid (spe- ) 

1*429 

Newton. 

Saliva • • 

1*339 

Young. 
(Wollaston ; 

cific gravity 1-7) ( 
Nitric acid (specific f 

1*410 

( Young; 

Water . • 

1*336 

j Brewster. 

gravity 1*48) ( 


) Wollaston. 
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The indices of refraction assigned to the same substance by different observers often 
exhibit considerable diversities, arising partly from imperfection of method, but espe- 
cially from want of chemical or physical identity in the substances examined. 

A comparison of the indices of refraction of different substances leads to but few 
general conclusions. One of the most remarkable is that inflammable substances are 
strongly refractive : e.g., sulphur and phosphorus among solid s ; oils and hydrocarbons 
among liquids; it was the observation of this fact that led Newton to infer that the 
diamond would be found to contain an inflammable principle. ^ . 

Generally speaking, the refracting power of any one substance increases with its den- 
sity ; though it is by no means true that the refracting powers of different substances are 
proportional to, or even follow in the same order as their densities. Jamin found, by a 
method presently to be noticed, that the refracting power of water is incre^ed by com- 
pression. On the other hand, the refracting power of liquids is diminished when -they 
are expanded by heat. Brewster found that the index of refraction of common ether, 
which, at ordinary temperatures, is equal to 1*358, is reduced to 1*057 when the volume 
of the ether is tripled by heat. Numerous experiments on this subject have been made 
by D al* .and Gladstone (Phil. Trans. 1858; Ann. Ch. Phys. [3] lviii. 117), who 
operated on twelve different liquids between the temperatures of 3° and 50 , using the 
method of minimum deviation. The prism was placed horizontally and heated by a 
spirit-lamp or cooled by a freezing mixture. The temperature was indicated by a 
thermometer with which the liquid was stirred. The following table contains a portion 
of the results (see also page 625) ; they relate to the line T> of the solar spectrum, 
excepting those with phosphorus, which relate to the lino C : 


Tempera- 

ture. 

Sulphide of 
carbon. 

Water. 

Ether. 

Alcohol, 

absolute. 

Methyl- 

alcohol. 

Phosphorus, 

liquid. 

Oil of 
Cassia. 

0° 

1*6442 

1*3330 






10 

1*6346 

1*3327 

1*3592 

1*3658 

1*3379 



20 

1*6261 

1*3320 

1*3545 

1*3615 




30 

1*6182 

1*3309 

1*3495 

1*3578 

, 

2*0741 


40 

1*6103 

1*3297 

9 # 

1-3536 

1*3297 

2*0677 

1*5796 

60 


1*3280 

# # 

1*3491 

, . 

2*0603 


60 

• • 

1*3259 

• • 

1*3437 

* * 

2*0515 

1*5690 


The refractive index of water diminishes continuously between — 1*3° and + 5*2 , 
the direction of the variation not changing in the passage through the point of maximum 
density. (Arago. Jamin. Dale and Gladston e.) ^ . 

In the passage of a body from the solid to the liquid state, the refractive index 
sometimes diminishes, as in the case of phosphoric acid , wax, and tallow. Sometimes 
it increases, as with water and borax; sometimes again it does not change perceptibly, 
as is the case with sugar. . _ . . 

H. Devi lie (Ann. Ch. Phys. [3] v. 129) has measured the index of refraction of 
alcohol , wood-spirit , and acetic acid , mixed with water in different proportions. These 
substances exhibit the greatest degree of contraction, or of density, when united with f at. 
water (e. g. f 2C 2 H 6 0.3H*0). It is also with this proportion of water that wood-spint 
and acetic acid exhibit the highest degree of refractive power, whereaB with alcohol 
this is the case when it contains £ at. water (2C*I PP.IPO). At 16° the refractive in- 
dex of absolute alcohol is 1*3663 ; that of 2C 2 H«0.H 2 0 is 1*3662; that of anhydrous 
methylic alcohol, CH«0, is 1*3358 ; of 2CHfc>.3H 2 0, 1*3462; that of anhydrous 
acetic acid, CTO, is 1*3753; and of 2C 4 IP0 8 .^O j 1*3781. 

Index of Refraction of Gases. Refractive Power . Biot and Arago determined 
the refractive index of atmospheric air, by the method of minimum deviation, using a 
hollow glass prism, called a Borda y s prism , consisting of a glass tube {.fig. 663) 4 or 5 
centimetres in diameter, and haring its ends a, b cut m a slanting direction and dosed 
with very thin plates of parallel glass. The prism was mounted, with its refracting angle 
vertical, on a brass tube connected with a stop -cock and screwed on to the plate of an 
air-pump. The pressure of the air in the tube was measured by connecting it with a 
siphon-gauge. The tube having been exhausted, filled with dry air several times, and 
again exhausted, observations were made with it similar to those described at p. 612; 
vnth this exception however, that as the refracting power of the exhausted prism was 
less than that of the surrounding air, the maximum , instead of the minimum deviation 
was observed. The deviations being extremely small, the thickness of the pnsm pre- 
vented the mark from being viewed directly. To obviate this difficulty, after the marK 
had been viewed through the prism represented in section at AB, and the maximum 
deviation of the ray mtio observed, the prism was moved half round into the position 
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A’B, and the wme mark agam observed. The image m was thereby thrown to the 
opposite side of the ray no proceeaing directly from the object, bo that the anirle to** 
was equal to twice the angle not. This method gave for the index of refraction of air 
gt 0°C. and 0*76 met. barometric pressure, 01 ' 

referred to a vacuum as the unit, the num- *'9- 

ber 1*00*294. 

In like manner, the indices of refraction 
of other gases were determined, referred to 
that of air as unity. 

Now on measuring in this manner the 
refraction produced by air or other gases at 
different densities, it was found that, at pres- 
sures not exceeding that of the atmosphere, 
the quantity /a 2 — 1, which is called the 
refractive power, is proportional to the 
density of the gas — in other words, that 

which may b$ called the specific 
d 

refractive power, is a constant quan- 
tity. The law was not verified for pressures 
greater than that of the atmosphere, on ac- 
count of the difficulty of retaining condensed 
gases within the hollow prism. 

Hu long determined the refractive powers of a considerable number of gases and 
vapours by the following method, founded on the proportionality of tho refractive 
power to the density. A distant murk is observed by a telescope through a Borda’s 
prism filled with dry air, at a pressure A. The prism and telescope are then fixed, 
and the prism is filled with another gas, the pressure of which is variod till the imago 
of the mark again coincides with tho wire of the telescope. The refractive index of 
the gas under tho pressure A', is then equal to that of the air under the pressure A. 
If then m' and /> are the indices of refraction of tho gas and of air at tho samo pressure 
A, and at the same temperature, we have, since the index of the gas under the pres- 
sure A' is equal to /x, 

M’-l : A**— 1 - A: A', 

whence ti is easily found. 


Refractive power of Gases. 


Name of gas. 

Refractive power. 

Index of 
refraction. 

Density. 

Compared 
with that 
of air. 

Rxcesi 
over cal- 
culation. 

Absolute. 

Air ... 


■WWI1 




1*000 

Oxygen 



. . 

0*000644 

1 000272 

1*106 

Hydrogen . . 



. . 

0-000277 

1 000138 

0*009 

Nitrogen . 



. . 


1*000300 

0*971 

Chlorine 


2623 

. . 

0 001646 


2470 

Nitrous oxide 


1*710 

+ 0-228 

0001007 

1-000603 

1 -620 

Nitric oxide 



+ 0068 

0*000600 

1-000303 


Hydrochloric acid 



+ 0020 

0*000899 

1*000449 

1*247 

Carbonic oxide 


M57 


0 000681 

1*000340 

1 957 

Carbonic anhydride 


1*626 

-0*093 

0000899 

1 000449 

1*524 

Cyanogen . 


2*832 

. . 

0*001668 

1*000834 

1*806 

Ethylene . 


2*302 

. , 

0*001356 

1*000678 

0*978 

Marsh gas . „ „ 


1-504 

. . 

0*000886 

1*000443 

0*665 

Chloride of ethyl . 


3*720 

-0*099 

0002191 


2*234 

Hydrocyanic acid 


1 531 

-0*130 

0*000903 

1*000461 

0944 

Ammonia . 


1*309 

+ 0*093 

0*000771 

1*000386 

0*596 

Phosgene . 


3*936 

+ 0*162 

0*002318 

1*001159 

3*442 

Sulphydric add . 


2*187 

# m 

0001288 

BKH 

1*191 

Sulphurous anhydride • 


2*260 

4 , 

0*001331 

Efi H® 

2*234 

Ether . . . 


5*197 

• • 

0*003061 

1-900163 

EliLlJ 

Sulphide of carbon • 


6*110 

• - • 

0 003010 


2*644 

Phosphoretted hydrogen 


2-682 

* * 

0*001579 

1*000789 

1*214 


U B 2 















618 


LIGHT: DISPERSION. 


By this method D along has shown : 1. That the refractive power of a mixture of 
gas os is equal to the mean of those of the constituent gases calculated for the pressure 
to which each gas is actually subjected in the mixture, 2. That the refractive power of 
a compound gas is not equal to the mean of those of the component gases, but is some- 
times greater and sometimes less. The third column of the following table exhibits the 
differences between the actual refractive powers of certain compound gases, and those 
which would be obtained by adding together the refractive powers of the several com- 
ponents, and dividing by the volume of the compound gas. The refractive power of 
atmospheric air is found to be exactly the mean of those of its two constituent gases, 
a fact which shows, together with others, that the air is a mixture, and not a com- 
pound of oxygen and nitrogen. 

The numbers in this table show that there is no simple relation between the refrac- 
tive powers of different gases and their densities ; hydrochloric acid gas, for qx- 

n le, has a lower density, but much higher refractive power than sulphurous anhy- 
e, and ether- vapour has about the same density as chlorine, but double the 
refractive power. 

The interferential method, the principle of which has been already described, 
is very well adapted to the measurement of the refractive indices of gases, and gives 
results more exact than those of the preceding methods. Arago and Fresnel applied 
it to the comparison of the refractive indices of moist and dry air. The interfering 
rays were made to pass through two copper tubes, each a metre in length, and closed 
at the ends with glass plates having exactly parallel faces, the one being filled with 
moist and the other with dry air. The fringes were then found to be displaced to 
the amount of one band and a quarter on the side of the dry tube, showing that moist 
air is rather less refractive than dry air. Precipitated vapour was found to produce a 
very slight increase in the refracting power of the air. 

An improved apparatus for experiments of this kind has boen constructed by 
Jam in, but we must refer for the description of it to his memoir (Ann. Ch. Phys. [3], 
xlix. 382), or Baguio's Traitb de Physique , iv. 402. By means of this apparatus, 
Jamin has shown that vapour of water, at the temperature of 0° and at 0*76 met. 
barometric prossure, supposing it could exist under those circumstances, would havo 
an absolute index of refraction equal to 1 00261, which is less than that of air at the 
same temperature and pressure. The refractive power of aqueouB vapour calculated 
by the formula fP- 1 is therefore =■ 0-000521. 

By adding to the refractive index of dry air that of aqueous vapour in tho saturated 
state, under tho pressure which it possesses at 20°, Jamin finds that the difference 
between the refractive indices of dry air and air saturated with aqueous vapour is 
only 0-000000726, a quantity which is toe small to produce any sensible effects 
with Borda’s prism, and may be safely neglected in the calculation of atmospheric 
refraction for astronomical purposes. 

Refractive power of vapours produced at high temperatures. Leroux (Ann. Ch. 
Phys. [3], lxi. 386) has measured the refractive indices of a few of these vapours by 
tho method of least deviation, using a hollow prism of iron having part of its opposite 
faces replaced by flat glass plates, and provided with proper appliances for heating, 
and for keoping the pressure of the vapour equal to that of the atmosphere. The 
indices and refractive powers of tho vapours examined are as follows: 



Absolute 

Refractive 

Substance. 

index of 

power 


refraction. 

t*-u 

Sulphur 

. . 1-001629 

0003258 

Phosphorus 

. i-ooi3dr. 

0*002728 

Arsenic 

. . 1091114 

0002228 

Mercury . 

. . 1*000556 

0001112 


Dispersion. 



When a narrow beam of the sun’s rays is passed through a glass prism {fig. 664) 
and received upon a screen, an elongated image or spectrum is formed, exhibiting a 
aeries of brilliant colours in the following order : 

Red. Orange. Yellow. Green. Blue. Indigo . Violet 

the red occupying the lowest or the highest place, according as the refracting angle of 
the prism is turned, downwards or upwards. The different coloured rays are therefore 
refracted by the prism in different degrees, the red exhibiting the least* and the violet 
the greatest deviation. Moreover, if a small hole be raadeui any part of the screen 
po as to allow a narrow beam of the rays of any one colour to pass, and this beam be 
transmitted through another prism, it will not again be elongated and split up into 
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different colours, but will form upon a second screen an image of the same shape as the 
aperture, and of the same colour as the beam before passing through the second prism. 
Inthis second refraction also, the red exhibits the least, the violet the greatest devia- 
tion. 

Fig. 664. Fig . 666. 



It was by observations of this kind that Newton made the grand discovery, t hat Solar 
light may be separated, by refraction into a number of ray# of different colour s, and that 
to each colour there corresponds a distinct degree of r ef rang ib Hit y, the rid rays being the 
least, the violet the most refrangible, and. the intermediate colours increasing regularly in 
ref Tangibility from, the red to the violet.. 

This result is confirmed by the fact that the reunion of the colours of the spectrum 
produces white light. This may be shown by receiving the beam of light s, refracted 
by a prism P ( fig . 665), on a second prism P’ of the same substance and having the 
same refracting angle. The rays are thus brought hack to parallelism and form a beam 
of white light. A very simple apparat us for exhibiting this recomposition of wliito 
light is a rectangular glass trough divided in halves by a diagonal glass partition On 
pouring water into one of the divisions and passing a beam of sunlight through it, a 
coloured spectrum is formed; but on pouring water into the second division, the rays 
are brought back to parallelism, and the emergent beam is white. 

Another mode of demonstrating the recomposition is to colour a circular piece of 
card-board in sectors with the tints of the spectrum, and give it a rapid rotatory 
motion. If the disc revolves in less than the tenth of a second (the time during which 
an impression remains on tlu* retina) the whole surface appears of a uniform greyish- 
white tint, the deviation from perfect whiteness arising from the impossibility of 
exactly imitating the colours of the spectrum by pigments. 

To obtain a complete separation of the colours ot the spectrum, the prism should have 
a large refracting angle, and the aperture should be as narrow as possible: for a wide 
aperture may be regarded as a number of narrow ones side by side, each of which 
produces its own spectrum, the colours of the several spectra thus formed overlapping 
each other and producing compound tiuts ; indeed, if the aperture exceeds a certain 
width, the middle of the imago will receive rayH of all colours and will appear white. 
For the same reason, the beam of light must not be divergent, and the apparent. dia- 
meter of the luminous body from which the light proceeds must bo ilh small as possible • 
for the incident light passing through a very small aperture is more divergent as the 
apparent diameter of the source of light is larger; the sun s rays passing through such 
an aperture form a cone having a vertical angle of 30 minutes. Newton obtained a 

very bright and pure spectrum by pass- 
Fig. 606. j n g a i, roiU j and thick rectangular beam 

of light through a convex lens L (Jig. 
CGC) of. long focus, placed very near the 
prism P, and receiving the light on a 
white screen placed in the focus of the 
lens. Kach colour is then brought to a 
focus on the screen, forming a bright 
narrow spot, the whole producing a very 
pure spectrum rv. An improvement on 
this arrangement is to use a cylindrical lens parallel bo the edges of the prism, whereby 
the rays of each colour are collected into a thin focal band well separated from the rest. 
Foucault has made a further improvement by interposing, between the lens and prism, 
a diaphragm, to atop the rays which would pass too near the edge of the lens, and dmu-. 
niah the sharpness of the coloured images. The spectrum is more elongated in pro- 
portion as the lens is placed nearer to the prism, which is then farther from the acroen, 
the latter being placed at a determinate distance from the lens. 
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To obtain abeam of perfectly homogeneous light, a coloured beam passing through a 
small hole in the partrof the screen on which the spectrum produced as above is received, 
is transmitted through a second prism ; and if the deflected image thus formed is at 
all elongated, showing that the original coloured beam was not quite homogeneous, tho 
light of a portion of it must be passed through an aperture in a second screen placed to 
receive it. A ray thus separated will be found to be perfectly homogeneous in colour, 
and of uniform refrangibility. 

Instead of receiving the spectrum on a screen, it may he viewed directly by holding 
the prism between the eye and the source of light, the red rays then appearing in the 
highest or lowest position according as the refracting angle of the prism is held down- 
wards or upwards. The spectrum may also be magnified by viewing it through a tele- 
scope. These methods enable us to view the spectra of sources of light not bright 
enough to throw a visible image on a screen, such as the light reflected from a strip pf 
white paper on a dark ground. 

The spectra of the moon and planets, and of white terrestial objects illuminated by 
solar light, are similar to that obtained with the direct rays of tho Bun. The spectra 
of the fixed stars exhibit the same colours and nearly in tho same proportions. Those 
of ordinary flames (hydrocarbon flames) likewise exhibit the same colours, but with a 
larger proportion of yellow. That of an alcohol flame consists mainly of yellow light, 
and if a little common salt be mixed with the alcohol, the flame gives a perfectly mo- 
nochromatic yellow light. The flame of a Bunsen's burner in which a salt of lithium is 
ignited, gives a spectrum consisting almost wholly of red light ; and when a salt of thal- 
lium is ignited in it, the spectrum consists wholly of green light. 

Fixed Lines in the Solar Spectrum. 

Newton, by passing a beam of light proceeding from a small circular aperture 
through a prism, obtained a spectrum which appeared perfectly continuous, whence lie 
concluded that white light contained rays of all degrees of refrangibility, regularly in- 
creasing from the red to the violet. But Wollaston in 1802, by looking through a 
good flint glass prism at a very narrow rectangular aperture illuminated by sun-light, 
perceived that the spectrum was intersected by several very fine dark lines parallel to 
the edges of tho prism, or to the boundary lines of the several colours ; and fifteen 
years afterwards, Fraunhofer of Munich, without being acquainted with Wollaston’s 
observations, made the same discovery by viewing a spectrum formed in the manner 
just described through a telescope. The lines were very fine, all dark, and somo 
perfectly black, and Fraunhofer was able to count between 500 and 600 of them, their 
numbor increasing with the magnifying power of the telescope. These lines are dis- 
tributed irregularly throughout the whole length of the spectrum, and do not, for tho 
most part, occur at the limits of the principal colours. Eight of them, easily dis- 
tinguished by their position and intensity, are denoted by the first eight letters of the 
alphabet, beginning from the red of the spectrum : they are shown in Jig. 667. Some 
of them, when examined by a good magnifying power in a well-developed spectrum, 
are resolved into a number of fine lines very close together. There are two more 
groups of lines which are particularly conspicuous, one denoted by a, consisting of eight 
fine lines in the red between A and B, and another b in the green near E, consisting of 
three fine lines, the two stronger of which are separated by a bright space. 

These dark lines show that the solar spectrum is not continuous; in other words, that 
there do not exist rays of all degrees of refrangibility between the red and the violet. 

The aspect, order, and relative distances of the lines-in the solar spectrum remain the 
same, for a ]orism of given substance, whatever may be the. magnitude of its refracting 
angle; but if the substance of the prism be changed, the relative distances of the 
fixed lines and tho relative widths of the several cdfoured spaces are likewise altered. 

To obtain the lines of tho spectrum well developed, it is necessary to use a prism of 
very uniform substance, free from striee, and having a refracting angle large enough 
to yield a very pure and extended spectrum. Prisms for the purpose are generally 
made of flint glass or rock-crystal, substances having a high dispersive power, that is 
to say, tho power of refracting the red and violet rays in very different degrees (p. 623). 
A hollow prism filled with sulphide of carbon is also well adapted for the purpose, as it 
is sure to be uniform, if preserved from variations of temperature, and its dispersive 
power is very great. To form the spectrum, the sun’s rays, or the diffused light, of the 
sky, entering a darkened room through a narrow slit, or condensed by a cylindrical 
lens, are made to pass through the prism, and the dispersed beam of light is viewed 
through an achromatic telescope. The lines and intermediate spaces are thereby 
magnified, the number seen being greater in proportion to the magnifying power of the 
telescope. The most favourable position fur the prism is that of minimum deviation. 

Lines also exist beyond A in the red, ahd beyond the violet in a space occupied by 
VMy faint lavender-coloured rays. The -first were observed by Brewster in a space 
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equal to AB {fig. 667), the second by Sir Jo h n Hersehel. To render these linre viaibl*. 
sereral mecauUons are required ; amongst others it is necessary to intercept all the w 
between the red and violet, and line the tube of the telescope with black velvet. By 

Eig. 667. 
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adopting these and other precautions, juid using a prism of oil of cassia, which possesses 
a high dispersive power, Brewster was able to distinguish altogether about 1000 linos 
injthc spectrum, a map of which, together with a delineation of the two extremities of 
the solar spectrum, as observed by Gladstone when the sun was at about his greatest 
altitude, is given with a paper '‘On the Linos of the Solar Spectrum” by Brewster 
and Gladstone, published in the Philosophical Transactions for 1860, p. 149. 

A still greater development of the spectrum, and an increased number of lines aro 
obtained by passing the rays through a series of prisms. In this manner Kirchoff’has 
observed about 2000 lines, and has been enabled to lay down a very elaborate map of 
the solar spectrum, which is published in his work, translated by Boscoe, under tile 
title — Researches on the Solar Spectrum, and on the Spectra of the Chemical Elements 

Gassiot has constructed a train of nine flint glass prisms with angles of 46°, and 
another of eleven sulpliide-of-earbon prisms with angles of 46°, with which further 
observations have been made. (Proc. Hoy. Soc. xii. 636; xiii. 183.) 

Solar light reflected from a white surface, also that of the clouds, and that of the 
moon and planets, give spectra exhibiting the same, principal lines, and disposed in the 
same order, as in the spectrum formed by the direct rayH of the sun. In the spectra 
ef Mars, Jupiter, and Venus, the lines I), K, F may bo very clearly distinguished. 
But the fixed stars give spectra containing different lines. That of Sirius contains 
two dark lines in the blue, and one very strong line in the green, but none in the 
yellow or orange; that of Pollux contains several faint lines, the lino I) occupying 
apparently the same place as in the solar spectrum. See further a paper by Hutririns 
and Miller. (Proc. Roy. Soc. xiii. 61.) 


Effect of coloured Gases on the appearance of the Lines. When a ray of light passe* 
through a coloured gas before falling on the prism, dark lines make their appearance 
due to the absorption of certain rays by the gas. When the light of a lamp, which of 
itself gives a spectrum containing only bright lines (p. 622), is passed through the 
rod vapour of pernitric oxide, the violet and blue port ions of the s)>ectrum are covered 
with black lines or rather bands, which become broader as the density of the gas is 
increased, and ultimately join, so as completely to obliterate the violet rays ; at the same 
time dark lines make their appearance in the yellow, and ultimately extend into the 
red (Brewster, Phil. Mag. [3], viii. 384). Iodine- and bromine- vapours produce 
dark lines different from those formed by pernitric oxide, appearing first in the green 
and yellow, then in the orange, and at the commencement of the red, some being quite 
black while others formed dark bands. The mere existence of colour in a vapour does 
not, however, necessitate the existence of bands in its spectrum. The red vapours of 
chloride of tungsten, for example, give no lines whatever. Neither can the position of 
the lines bo inferred from the colour of the gas ; with green perchloride of manganese, 
they are most abundant in the green, while with the red vapours of pernitric oxide, 
they increase in depth and number as they approach the violet. The vapours of 
simple bodies as well as of compounds may produce lines, and two simple bodies which 
singly do not produce them, may produce them abundantly in their compounds; e.g ., 
neither oxygen, nitrogen, nor chlorine, when uncombined, produces lines, but some of 
the oxides, both of nitrogen and chlorine, exhibit the phenomena in the most striking 
manner. There are, however, oxides both of nitrogen and chlorine, some of them 
coloured, which do not occasion the appearance of lines. Lines may also be produced 
by simple substances, which disappear in their compounds ; thus iodine produces lines 
which do not appear in the spectrum of hydriodic acid. Sometimes the same lines 
are produced by different degrees of oxidation of the same substance, a remarkable 
instance of which is afforded by the oxides of chlorine. (W. A. Miller, Elements of 
Chemistry , 3rd ed. i, 164.) 

When solar light is passed through a coloured vapour, the density of which is 
gradually increased, absorption* bands make their appearance, faint at first and easily 
distinguished, but gradually becoming blacker, and ultimately obliterating the ordinaiy 
towit The two systems of lines are in fact distinct in the spectra of all coloured 
*®4*****» excepting that of pernitric oxide, in which they coincide (Brewster.) 

As t t i^thusphers > possseses a slight colour, it is possible that some at least of tb# 
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ordinary lines of the Bolar spectrum may be due to the absorption of certain rays 
during their passage through the earth's atmosphere ; and in fact the lines are more 
numerous, and some of them, especially those in the red, are remarkably distinct when 
the sun is near the horizon, and its rays have consequently to travel through a greater 
thickness of atmospheric air, than when he is aft a greater altitude; but the greater 
number of the lines are probably due to another cause, to be considered hereafter 
(Brewster and Gladstone, Phil Trans. I860, p. 149; Gladstone, Proc. Boy Soc. 
xi. 305.) 


Spectra of Flames and Incandescent bodies . 

Incandescent solids and liquids giro continuous spectra without any dark lines or 
spaces. Flames, i.e., incandescent gases or vapours, give spectra consisting of bright 
bands, more or less numerous, with dark spaces between. An alcohol flame or that 
of a Bunsen’s burner in which common salt or other volatile sodium-compound is 
ignited, g "es a spectrum reduced to a narrow yellow band, coincident with the solar 
line D. Lithium ignited in a similar manner exhibits a single bright crimson line 
near the solar C. The potassium-spectrum, similarly produced, consists of a red band 
coinciding with A, and a violet band not coinciding with any of the principal solar 
lines, the intermediate portion of the spectrum being filled up with a diffused light. 
The thallium spectrum consists of an intense green line near the solar line E, wliich is 
split up by Gassiot’s train of eleven sulphide-of-carbon prisms into three separate lines. 
The spectra of the alkaline earths are equally definite, though more complicated. 
(Soo Analysis, Inoroanic ; also Spectral Analysis.) 

In some cases, new series of bands become visible as the temperature rises; thus the 
spectrum of chloride of lithium in the flame of a Bunsen burner, gives but a single 
intense crimson line; in a hotter flame, as that of hydrogen, it gives an additional 
orange ray ; and in the oxy-hydrogen jet and in the voltaic arc, a broad brilliant blue 
band likewise comes out. A similar effect is perceived in the case of metallic iron, of 
thallium, and other metals when heated by the voltaic arc. A. Mitschorlich (Pogg. 
Ann. cxvi. 499) lias shown that in flames of low temperature, the lines produced vary 
with the compound employed, the spectrum then observed being that due to the com- 
pound, and noL to its elementary constituents ; the spectrum of copper, for example, 
differs considerably from that of an alcoholic solution of chloride of copper, while that 
from an alcoholic solution of iodide of copper differs from both. 

Spectra of the Electric Light. — The spectrum of the electric light exhibits bright 
lines like those of flames. This was first observed by Wollaston, afterwards by 
Fraun bofor, who found that the lino of bluish light obtained by discharging the 
electricity of a machine through a very fine wire, gave a spectrum containing a very 
bright line in the green. Wheatstone has shown that the electric light from tho 
voltaic battery, tho ordinary electric machine, and the induction coil, yield the same 
spectra when the spark passes between conductors of the same kind ; but the number 
and position of tho lines varies with the nature of the metallic poles ; if they are formed 
of an alloy, two systems of lines are obtained, one belonging to each of the metals ; 
the same is also the case when the two poles are formed of different metals. These 
facts show plainly that tho electric spark contains particles of metal detached from the 
conductors between which it passes. 

Masson, in the course of his researches on electric photometry, already cited (p. 596), 
examined t he spectra produced by various metals when employed as dischargers to 
a Leyden jar, and when heated by the voltaic arc, alld found them to contain a much 
greater number of lines than those of the same petals delineated by Wheatstone. 
The difference was subsequently explained by Angstrom (Phil. Mag. 1855, p. 329), 
who showed that Masson, in consequence of the iiTtebso heat of the electric discharges 
wliich he employed, obtained two spectra, one due to the metal, the other to the 
atmosphere itself, which became ignited. Certain lines observed by Masson as com- 
mon to the spectra of all the metals, were really those atmospheric lines. By causing 
the spark to pass between the same metals immersed in various gases, the particttlar 
lines due to the metal remaiued unaltered, whilst tho others due to the gtftoeous 
medium, disappeared and were replaced by new lines. 

For further details, and for the methods of examining the spectra of 
incandescent, bodies, see Spectral Analysis. 

Kirckhajp s thf.org of the Lines in the Solar Spectrum. The vapour < 
absorbs rays of the same degree of refrangibiiity as those which are 
same substance in the state of incandescence, that is to 
bright lines of its spectrum. Thus ignited sodiuhi emits a 
of which consists of two bright bands coincident with the 
spectrum. If now, through a flame coloured by sodium, the 
the oxy-hydrogen flame, or that of the voltaic arc between 
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mitted, the continuous; spectrum produced by cither of these sources is interrupted by 
a black line coinciding with the solar lino D. In like manner the spectra of po- 
tassium, lithium, barium, strontium and copper, may be reversed. On those facts 
Kirchhoff founds an explanation of ^Fraunhofer’s lines. He supposes that the luminous 
atmosphere, or photosphere, of the Sun contains the vapours of various metals, and 
that behind this incandescent atmosphere is the still more intensely heated solid or 
liquid nucleus of the sun, which emits light of all degrees of refrangibility, and would 
produce a continuous spectrum, w r ero it not that some of the rays, in passing through 
the photosphere, are absorbed by vapours which are themselves capable of emitting rays 
of the same degree of refrangibility, so that Fraunhofer s lines are only the reversed 
bright lines which would be visible if the more intensely heated nucleus were not there. 
A very careful comparison of the solar spectrum with those of various metals, has 
shgwn that the former contains dark lines coincident with certain bright lines in the 
spectra of sodium, potassium, magnesium, calcium, iron, chromium, and nickel: heneo 
Kifchhoff infers that the solar atmosphere contains those metals, and possibly also 
zinc, cobalt, and manganese, but not lithium, copper, or silver. Angstrom is of 
opinion that tho presence of hydrogen and aluminium may also bo considered as 
proved, and that barium and strontium are probably also present. (See Kirch lioff s 
Jits rare /us on the Solar Spectrum and on the Spectra of the Chemical Element s, trans- 
lated by lloscoo; also the article Spectual Analysis in this Dictionary.) 


Dispersive Powers of different Media. 

The separation of the extreme rays of the spectrum, and consequently tho length ot 
the spectrum produced by different media, exhibits great- diversity. Suppose three 
prisms to bo formed, one of water, tho second of crown-glass, and the third of llint- 
gluss, with such refracting angles as to produce equal deviations for any given ray of 
the spectrum, say the line F, about tho middle: then it will be found that tho crown- 
glass spectrum is about 1^, and the flint-glass spectrum times as long as the water 
spectrum. It appears then that flint-glass disperses the different coloured rays much 
more than crown-glass, and crown-glass much more than water. 

It is this difference in the dispersion produced by different media for the Bame 
amount of refraction of a given ray, which renders it possible to form achromatic com- 
binations of prisms and lenses. The object of such combinations is to reproduce white 
light by recombining the coloured rays which have suffered dispersion ; and this is 
effected by passing the rays which have been dispersed by one lens or prism through a 
second lens or prism which refracts them the contrary way (sec Jig. 665, p. 019). But 
it is evident that if all refracting media dispersed tho rays equally for a given amount 
of mean refraction, the only way of effecting this would be to give the two prisms 
die same refracting angle (see fig. 605), or tho two lenses (one convex, and Mu* 
other concave) equal curvatures ; but in this case all the rays would be brought back to 
the same degree of convergence or divergence as they had before passing through the 
first, lens or prism ; indeed the combination would act just like a plate of glass with 
parallel faces, and would produce no alteration in the direction of the rays. But 
suppose two prisms, tho first of crown- and the second of flint-glass, to be placed 
together as in Jig. 665, and their refracting angles to bo so proportioned as to 
produce equal deviations of the middle ray of the spectrum ; then, as already observed, 
the flint prism will disperse the rays about twice us much as the crown ; ami if instead 
of this, the refracting angles are so adjusted as to produce equal amounts of dispersion, 
or spectra of the same length, then the angle of the second must be of such u magnitude 
ns to deviate the mean ray less than the crown-glass prism does. Such it combination 
will recombine the coloured rays and reproduce white light, without bringing back the 
rays to tlieir original direction. In like manner, if a concave lens ot flint-glass be 
placed behind a convex lens of crown-glass, its curvature may be so adjusted ns to re- 
combine the colours without destroying the convergence of the rays produced by the 
crown-glass lens. 

Tbejjdiffcrence between the indices of refraction of the extreme rays of t he spectrum 

— #*T, or more precisely of the fixed lines B and H, produced by any retracting mo- 
d twain called the coefficient of dispersion, or simply the dispersion of that 

medium. ' 

TBkJMkjwuig is a list of thirteen substances placed in the order of their coefficients 
of dStomiftiL *0 determined by Wollaston, the most dispersive being placed first; Sulphur , 

' ^flint-glass, oil of turpentine , Iceland- spar, diamond, crown-glass, water , 

1 heavy-spar, rock-crystal, fluor-spar . The most dispersive of all 

^ 1 phosphorus, then a solution of phosphorus in sulphide of 
carbon itself (see p. 629 ). 

Ldfspersion is applied to the difference of the refractive indices 
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of any- other two colours, the red and yellow, blue and green, &c., always referred to the 
principal fixed line belonging to each colour. The partial dispersions of any two sub- 
stances are by no means proportional to their total dispersions ; consequently the colours 
are not distributed in the same manner in the spectra formed by the two substances. 

Sulphuric acid and oil of cassia, for example, produce spectra of nearly equal lengths ; 
but in the oil of cassia spectrum, the least refrangible portion — namely, the red, orange 
and yellow — is much less, and the more refrangible portion, from blue to violet, is much 
more expanded than in that produced by sulphuric acid. Iu like manner, flint-glass 
contracts the less, and expands the more refrangible portion of the spectrum, to a greater 
extent than crown-glass. This irrationality of dispersion must of course be attended to 
in the formation of achromatic combinations. 

The ratio of dispersion of two media is the ratio of the coefficient of dispersion, 


^2 tl or of the partial coefficients belonging to the corresponding fixed lines in Jhe 

fl v — fJL r 

two spectra. This ratio has different values according to the two lines which are con- 
sidered. 

The term dispersive power is applied to the ratio of tho dispersion-coefficient to 
the index of refraction of the mean ray diminished by 1. Taking as the mean ray tho 
line E in the yellow, and calling its index of refraction fx r the dispersive power is ex- 


pressed by the formula, — y r . 

bn “ 

The following table contains the refractive indices of several media for the principal 
lines of the spectrum, as determined by Fraunhofer ; the last column contains the co- 
efficients of dispersion between the lines B and II : 


Refracting substances. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

Coefti- 
eieir s of 
His per • 
sion. 

Flint-glass, No. 13 



1*62775 

1*6296* 

1 ■♦13503 

1 -64202 

1-64826 

1-66028 

1-67 lot; 

0 04331 

Crown-glass, No. 9 



1*52583 

1 -526*5 

1*52958 

1-53300 

1 -53605 

1-54165 

1 54656 

0-02073 

Water 



1-33093 

1*33171 

133358 

1 -33585 

1-337*2 

1-34129 

1-3441* 

0 01326 

Solution of potash . 



1*39963 ! 

1*40051 

1*10280 

1 -40563 

1-40*0* 

1*41258 

1-41637 

0 01674 i 

Oil of turpentine . 



1*47019 

1*47153 

1 474 13 

1-47*35 

1-4*173 

1 4*820 

1-493*7 

00. '33* 

Flint-glass, No. 3 . 



1 -60204 

1-60380 

1-60849 

1 61453 

1-62004 

1 -63077 

164037 

0- 038X1 

„ No. 30 . 



1-023 ’*7 

1*62547 

1*63058 

l-«3735 

1*61346 

1 -65540 

1-66607 

0-04260 

Crown-glass, No. 13 



1 *-12131 

1-52530 

1*527-8 

1 53137 

1 -53434 

1 63991 

1-64468 

0-02037 

„ letter M 



1*5.1477 

1-55593 

1-5,907 

1-56351 

1*56674 

1*57353 

1-57947 

0 02470 

Flint-glass, No. 23 . 

i 



1*62019 

1-62*17 

1-63367 

1-61049 

1-64675 

1-65*85 

I-C6968 

0*43090 


Babinet has given a method of measuring the dispersions of bodies which can only 
bo procured in small fragments. The substance being cut into the form of a prism, 
and its angle measured, a spectrum projected on a screen by a prism of known angle, 
is viewed through the small prism whose dispersion is to lie determined, in such a 
manner as to recompose the colours (p. 619), the observer gradually increasing his 
distance from the spectrum till he sees nothing but white light. If the prisms are in 
the position of least deviation, and their angles are not too large, their dispersions are 
to one another in the inverse ratio of their distances from the screen. 

Gladstone and Dale have made an extensive series of researches on the refraction, 
dispersion, and sensitiveness of liquids, tho last term being used to signify the relation 
between the change of refraction and the change of*volume by heat. The following arc 
the principal results obtained : " 

1, Both ref raction and dispersion diminish the temperature increases. This law 
has been verified by observations on about 90 liquids (see p. 626). 

The following table exhibits these results in the case of a highly dispersive liquid ; 
it will be observed that the sensitiveness of the rays increases in the order of their re- 
frangibility. 

Ref ractive Indices of Sulphide of Carbon for the several Fixed Lines . 


Temperature. 

Refractive Iudices. | 

A. 

B. 

D. 

E. 

F. 

G. 

H. 

11° 

36*5 

1*6142 

1*5945 

1*6207 

1*6004 

1*6333 

1 6120 

1*6465 

1*6248 

1*6584 

1*6362 

1*6386 

1*6600 

1*7090 

1*6827 

Difference . 

0*0197 

0*0203 

00213 

0*0217 

0*0222 

Htti 

0-0263 
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On comparing the change of refraction by heat with the corresponding change of 
volume in sulphide of carbon, water, methylic, ethylic, and amylic alcohols, acetone, 
acetic acid, formic, acetic, and butyric ethers, methylic and ethylic iodides, salicylate 
of methyl, bromoform, benzene, xylene, cumene, nitrobenzene, hydrate of phenyl, 
the rectified oils of turpentine and Portugal, and eugenic acid, it was found that the 
refractive index minus unity (ju — 1), multiplied into the volume, gives very nearly a 
constant product at different temperatures. The quantity m — 1 is termed by the 
authors, the refractive energy of a substance, and thiB multiplied into the volume, 
or divided by the density, is termed the specific refractive energy. The pre- 
ceding law may then be stated as follows : — The refractive energy of a body varies 
directly with its density , under the influence of change of temperature ; or in oth'r words , 
the. specific refractive energy of a liquid is a constant not affected by temperature . The 
influence of dispersion, however, renders this law not absolutely accurate in the observed 
numbers: for the change of dispersion does not follow the same law, the spectrum con- 
tracting in some cases much more, and in other cases much less rapidly as the volume 
increases; indeed no relation is as yet discoverable between change of dispersion and 
density. 

2. The results obtained with mixed liquids, appear to show that the specific refrac- 
tive, energy of a mixture, is the mean of the speeijw refractive, energies of its components. 
This law was tested with sulphide of carbon and ether, substances which are almost at 
the opposite limits of the scale, and wore found to mix without- condensation ; also with 
aniline and alcohol, on mixing which, however, some diminution of volume occurs. In 
both these cases, the experimental numbers were slight ly below those deduced from the 
mean of the specific refractive energies; yet no other formula could be devised which 
would give a nearer approximation to the indices actually observed. 

3. Compounds belonging to the. sa?nc homologous series exhibit a progressive change in 
refraction and dispersion as they advance in the series ; but the deviation and extent 
of those changes depend on the other sidwtances with which the radicle is combined. Jf 
however, we regard, not the. actual indices , but these minus unity divided by the specific 
gravity, vie find an invariable increase as the series advances. 

The following tables exhibit this with regard to various groups of compounds con- 
taining the alcohol-radicles, OIF"* 1 . 


Specific Hefraclivc Energy, 


Radicle. 

Alcohol 

Iodide. 

Ether 

of 

acid. 

Km tri- 
al u. 

Arr- 

tnli*. 

Buty- 

rate. 

Oxa- 

late. 

Merrury- 

roni- 

pound. 

Stannic 

com- 

pound. 

Hy- 

dride. 

Methyl , 

. CIV 

■4 1 Oft 

•2359 

•390ft 



. . 


'1707 

•3727 


Ethyl . 
Trityl . 

. r=M • 

•4lH2 

•2(114 

•4127 

•3905 

•4152 

■4402 

•350*2 

211*2 

•3H76 


. enr 



•4333 








Tetryl . 
Amyl 

. C«f I 9 



•4402 








. CMV i 

•4895 

*3213 

'4492 

•4432 

•450fi 

'4724 

•4306 , 




llcptyl . 
Octvf . 




•4750 

. . 




, . 

, , 

•5499 

C"H*r 

•6096 



. 





, # 

*6622 

!>odecatyl 




■4890 









Specific Dispersion. 



Alcohol. 

Iodide. 

Ether of 
acid. 

Acetate. 

Mercnry- 
rnni pound. 

Stannic 

compound. 

Hydride. 

Methyl. CH* 

163 

209 

168 


140 

266 


Ethyl . Cm* 

190 

218 

178 

178 

170 

268 


Trityl . C*H 7 

* m 

236 

191 





Tetryl . C«H» 



191 




1 

Amyl . C 4 H n 

212 

224 

198 

198 




Heptyl. C 7 H’‘ 



. 

. 

. . 

. . 

242 

Octyl . e»H» 7 

*237 

• • 

* * 

! • • 

• * 

* * 

236 


With regard to other groups of homologous bodies, it was found that benzene, bsnsy- 
lene, xylene, cumene and cymene, gave nearly the same numbers, and no regular pro- 
gressions. Pyridine, picolinc, lutidine, and collidine showed an augmentation of the 
specific refractive energy, but a diminution of the specific dispersion with the advancing 
series: chinoline and lepidine (the most refractive organic liquid known) showed an 
increase erf each of the optical properties by addition of GIF. Hence it appears that 
the influence of the added* increment on the rays of light differs in different groups, 
just a# it does respect to the boiling point. 
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4. Isomeric bodies are sometimes widely different in ttyir optical properties: but in 
many cases, especially where there is close chemical relationship, th$m is identity also in 
this respect. Several hydrocarbon® of the type C l °ff w , from essential oils, appear 
to be identical in actual refractive powei; notwithstanding slight differences of density. 
In dispersion there are some variations, but not in sensitiveness. Other hydrocarbons 
however, of the same ultimate composition, but differing considerably in physical 
properties differ also optically. Metameric compound ethers, such as valerate 
of ethyl and acetate of amyl, are optically identical. Aniline and picoline, each 
empirically C 6 H 7 N, are totally different. 

6. Effect of Chemical Substitution . — When hydrogen is replaced by some other body, 
there is generally an increase of the actual refraction and dispersion ; but this is due to the 
increased weight, hydrogen having a very low actual, but a very high specific influence 
on the rays of light. When two substitution-products are formed by substitution of 
the same element in a given compound, e.g. mono- and tri-chlorobenzene from benzene, 
the lower one always retains, in its optical properties, a position intermediate between 
the original substance and the higher product. 

From these facts, it may be inferred, as approximately, if not absolutely, true, that : 
Every liquid has a specific refractive energy composed of the specific refractive energies 
of its component elements , modified by the manner of combination , but unaffected by 
change of temperature ; and this refractive energy accompanies it when mixed with other 
liquids. The product of the specific refractive energy and the density at any given 
temperature, is, when added to unity, the refractive index. 

The following tables exhibit the numerical results from which the preceding con- 
clusions are deduced. 


Tahi/b A. 

Refractive indices of the lines A, 1), IT at different temperatures’. 

The sign ? attached to a liquid denotes that the purity nf the specimen is doubted. 

An asterisk * attached to a degree of tuinpurAtui e signifies that the observations at tliat temperature 
Were made on a different occasion to the observations at other temperatures. 

Specific gravities not determined from the specimens examined are included in bracket*. 





Tempo- 

I Itefraciive indices. 1 

No 

Liquid. 

Specific gf avijy . 

rilturc <d 












tion. 

A. 

J>. 

H. 

1 . 

Methylic alcohol . 

0-7972 at 20°C. 

t20° 
i 37 

1-3264 

1-3205 

1-3299 

1-3238 

1 3395 
1-3330 

3L 

Ditto from oxalate 

07960 at 20 

j 20 

1-3268 

1-3297 

1-3396 

;vP 


129 5 

1-3230 

1-3262 

1-3359 

3. 

Amylic alcohol 

0-8179 at 15-5 

24-6 
) 41 

1*3988 

1*3924 

1-4030 

1-3966 

1*4161 

1-4093 

4. 

Caprylic alcohol . 

0-8214 at 15 5 

^ 27 

1-4157 

1-4202 

1-4351 

)47 

1 4073 

1-4118 

1-4266 

& 

Iodide of methyl 

2*1912 at 20 

23-6 

}29-6 

1 5203 

1-5307 

1-5670 


1-6104 

1 5202 

1-5549 




( 23-5 

1-5003 

1-6096 

1-5420 

6. 

Iodide of ethyl . 

1-9228 at 20 - 

he 

1-4918 

1-5006 

1-5326 

:*■ 



(48 

1-4841 

1-4934 

1 5250 



t 

{ 8-6 

1-6001 

1-5095 

1-5418 

7. 

^Iodide of trityl . 

1-7117 at 2CT 

120 

1-4934 

1-5024 

1*5342 




(30 

1-4871 

1-4963 

1-5272 

8. 

Iodide of amyl . 

1-4960 at 20 


1 4816 

1*4892 

1*5149 


37 

1-4720 

1-4797 

1-5046 




,22 

1-3540 

1-3582 

1-3694 

0, 

Formic ether . . 

0-9088 at 20 

I 31 

1-3500 

1-3540 

1-3652 


j** 


( 40 

1-345 6 

1-3494 

1*3608 

40* 

Acetic ether 

0-8648 at 20 

\ 20 

1*364 5 

1-3685 

1-3798 

r28 

1-360 d 

1*3644 

1-3755 




,23-5 

1 3653 

1-3692 

1-3809 

11. 

Acetic ether 

0*8972 at 20 

; 33 

! 1*3606 

1*3643 

1-3757 




4-1 

1-3563 

1-3602 

1-3711 




(22*5 
i 42 

1*3696 

1-3736 

1-3860 

12 . 

Propionic ether . 

0-8 555 at 20 

1-3657 

1*3698 

1-3819 



1-361 0| 

1*3651 

1-3771 
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Tabus A — continued. 


Specific gravity. 


Butyric ether 
Valerianic ether • 


Acetate of amyl . 


Ditto, second specimen 
Acetate of octyl ? • 

ITydride of heptyl 


Hydride of octyl . 


Mercuric methyl ? 

Mercuric ethyl? . 
Stannic ethyl-methyl ? 

Stannic ethyl? . 


Triethylarsine 


Acetic acid . 


Amylene 


Carbonic ether . 


Boracic ether 
Silicic ether 
Salicylate of methyl 

I Nitrate of amyl . 


Chloroform . 


Bromofbrm , 

Dutch liquid 

Dibromide of bromethylene . 


Refractive indices. 


0-8778 at 20°C. 
0-8680 at 20 


0-8680 at 20 


0-7090 at 20 


0*7191 at 20 


(3-069) 

(2-444) 
1-2220 at 20 


1-1920 at 20 


1-0592 at 20 


0-8117 at 15 -5 
0-7161 at 20 


0-9720 at 20 


0-8760 at 20 
0-9320 at 20 
1*1760 at 20 


1-0008 at 20 


1-4980 at 20 


2*6360 at 12 


2-6160 at 20 


Dibromide of chlerethylene . J2-2477 at 20 


1*6413 1*6494 1*6770 











Table A-^con^ttm. 

’ vy -V j 


f 

i 

■ 

Tempe 

Refractive indices. 

Vn 

t TJntibL r 


ratine 





•1 JullJUMlt 

observa 

lIMM 




- 

| 

tion. 

id 


% H. 

88. 

* 

Bichloride of chlorethylene • 

1-4177 at 20°C 

\ 1S 

1 29-5 

1*4661 

1*4563 

1*4714 

1*4619 

1*4892 

1-4789 




(10-5 

1*4879 

1-4975 

1*6305 

89. 

Benzene .... 

0-8667 at 20 

<23 

1-4806 

1*4900 

1*5225 




(39 

1-4703 

1-4793 

1*6108 

40. 

Parabenzene 

0-8469 at 20 

20 

1-4814 

1-4903 

1*5216 




(25 5 

1-4709 

1-4794 

l-60£#> 

41. 

Benzylene .... 

0-8650 at 20 

<32 -5 

1-4672 

1-4755 

1-5048 



(39 

1-4629 

1-4710 

1-5001 

42. 

Parabenzylene . 

0-8333 at 20 

J 28 
)40 

1-4667 

1-4590 

1-4751 

1-4671 

1-5030 

1*4044 

48. 

Benzylene • • . 

0-8668 at 20 

)14 

1 33 

1-4869 

1-4957 

1-4856 

1-6271 




(11 

1-4888 

1-4982 

1*5300 

44. 

Xylene , » • • 

0-8660 at 20 

<28 

1-4788 

1-4879 

1-5192 



(42 

1-4716 

1-4805 

1*5166 

45. 

Cumene (from cuminic acid) 

0-8710 at 20 

I 275 

1-4898 

1-4783 

1-4983 

1-4864 

1-5280 

1-5148 

m 

Cumene (from impure wood - ) 

* spirit) . . . > 

0-8580 at 20 

r 8-5 
<24 

1-4687 

1-4608 

1-4769 

1-4680 

1-5008 

1-4919 



(34 

1-4655 

1*4634 

1-4848 

47. 

Pseudocumene . . • 

0-8692 at 20 

j 12*5 
185-5 

1-4843 

1-4728 

1-4932 

1-4812 

1-6236 

1-5093 

48. 

Cymene . . 

0-8610 at 20 

\ 8 
) 29 

1-4760 

1-4648 

1-4834 

1-4717 

1-5076 

1-4957 




j 12 

1-4731 

1-4803 

1-5050 

49. 

Cymene (from camphor) 

0-8565 at 20 

<26 

1-4659 

1-4729 

1-4975 



)8 6 

1*4614 

1-4684 

1-4927 

50. 

Chlorobenzene 

1 1080 at 20 

9 

27'5 

1 5194 
1-5095 

1-5290 

1-5189 

1-5636 

1-5528 

51, 

Trichlorobeuzene . . 

1-4600 at 20 

3 20 

<37 

1-6663 

1*5495 

1-5671 

1-5600 

1*6065 

1-5983 

k 

Nitrobenzene • • • 

1 1590 at 20 

) 25 
<38 

1-6331 

1-5266 

1'5465 

1-5399 

1-5832G. 

1-5766G. 


, Binitrobenzene in 2 equivs. ) 
v of nitrobenzene • { 

1-2670 at 20 

(23-5 

<35 

(66 

1*5460 

1-5404 

1-5296 

1-5600 

1-6542 

1-5425 

1-5994G. 

1-6932G. 

1-5816G. 

jjjgjg** 



21-5 

1-6644 

1-5784 

1-6297 

j|fe 

I^Mpiline .... 

1 0270 at 16 

. 37 

42 

1-5567 

1-5537 

1-5701 

1-5676 

1-6183 







U7 

1-5520 

1-5647 

1-6146 

is 

lilfbyl-aniline . . • < 

3-9177 at 20 , 

1 23*5 
42 

1-5114 

1-5035 

1-5222 

1-5138 

1-5622 

1-5532 

|| 

of cresyl • . 1 

L-0364 at $0 

11 5 
32 

1-5341 

1-5281 

1-5454 

1 5377 

1-5824 

1-5733 

■| 

Pyridine • • • < 

3 9738 at 20 

521*6 

36 

1-4940 

1-4860 

1-5030 

1-4961 

1*5387 

1-6301 




22-5 

1-4188 

1 4980 

1*5314 


ffloolihe . . . . ( 

0-955) 

375 

1-4803 

1 4890 

1-6213 

Bral 

■■ 


(52 

1-4718 

1*4807 

1-5122 

li0§ 


0-936) 

8*5* 

1-4932 

1-5028 

1-5353 


• • • • ' 

22*5 

1-4894 

1-4987 

1-5308 



0-921) 

23-5 

1-4927 

1-5013 

1-5329 



45 

1*4820 

1-4907 

1-5210 

TO -ip 

if " 


f24 

1-5567 

1 5687 

1-6198 

g{& 

Chinoline . . • . ( 

1-0810 at 10) < 

35 

1-5466 

1*5587 

1-6084 


Lfrpidine * • . 1 

(37 

1-5496 

1*5616 

1-6124 

62,| 

L 0720 at 15 

m 
( 47 

1-6039 

1-6909 

1*6189 

1-6054 

1-6822 

1-6473G. 

is. } 

Hydrocarbon from anise • < 

3-8580 at 20 

\ n 
i 30 

1-4653 

1*4718 

1*4625 

1-4921 





Table A'—cotUinu4d. 



y 

7*7 ~~ 


' 


1 


X 


Tempe- 

Rsfraotive Indices. | 


mud. 

Speciflrtrsfeity. 

raturaoi 




Ho. 

observe* 




r ' * .. '■ ' 


tk>n. 

A. 

D. 

H. 

“*“" 



(10* 

11669 

1*4W4 

1*4934 

64. 

Hydrocarbon from turpentine 

0*8644 at 20° C. 

<24 

U7 

1*4696 

1*4487 

1*4663 

1*4545 

1*4846 

14730 



0 8529 at 20 

J 14 

1*4640 

1*4701 

1*4901 

65. 

„ » carraway 

W 

1*4529 

1*4689 

1-4783 


„ „ thyme . 

0-8635 at 20 

\26 

1*4594 

1*4652 

1-4866 

66 

) 36*5 

1*4646 

1*4606 

1 4805 


„ bay 

0 8510 at 20 

423 

1*4545 

1*4610 

1*4818 

67. 

(43 

1-4468 

1-4628 



„ „ bergamot 


< 26*5 

1 4574 

1-4640 

1*4865 

68. 

0-8467 at, 20 

) 38 

1-4517 

1-4678 

1*4800 




(17 

1-4918 

1*4986 

1*5209 

69. 

„ is doves . 

0-9041 at 20 

<28*5 

1*4870 

1-4936 

1*5167 


(39 

1*4828 

1-4892 

1*5110 




(10-5 

1-4988 

1-6066 

1*5294 

70. 

„ i. cubebs . 

0-9270 at 20 

<20 

1*4960 

1*6014 

1*5262 


131 

1-4905 

1-4977 

1 5209 




(12-6 

1*4913 

1-4992 

1-6270 

71. 

Carvene «... 

0-9630 at 20 

<24-5 

1-4862 

1-4936 

l-AlWHL 


134 

1*4812 

1-4884 

i*5i4% ; 
l*«7lP 1 
1*5729 

72. 

Eugenic acid 

1-0640 at 20 

18 

1 27 ‘5 

1-5286 

1*5244 

1-6394 

1-5347 

73. 

Camphor of peppermint 

0-8786 at 43 

J 30 
i 43 

1*4503 

1-4461 

1-4653 

1-4506 

1*4703 

1*4653 




(20 

1-4669 

1-4705 

1*4850 

74. 

Glycerin .... 

1-2610 at 17 

<30 

1-4634 

1-4680 

1*4823 


148 

1-4586 

1-4631 

1-4773 

75. 

Nitroglycerin? . 

(1-60) 

(13*5 

325 

1-4683 

1-4696 

1-4749 

1-4602 

1-4947 


Nicotine «... 

1-0260 at 18 

! 18 

1-6149 

1*5234 

1-6642 

76. 

j 32 

1-6107 

1*6194 

1-6493 

77. 

Tribromide of phosphorus . 

2-880 at 20 

( 26 
( 36 

1-6698 

1-6627 

1-6866 

1*6792 

1-7606 

1 7422 

78. 

Trichloride of phosphorus . 

1-4530 at 20 

( 25*6 
(38 

1-5030 

1-4957 

1*6118 

1*6042 

1*541$* 

1*5834 

79. 

Oxychloride of phosphorus . 

1-6800 at 20 

U7 

(26 

1-4810 

1-4756 

1*4882 

1*4832 

1*5118 

V5087 




Table B. 

Refractive Indices. 

The liquids in this table are arranged according to their power of rofractil^HI 
line A at 20° C. * ■*** 


Liquid. 


Phosphorus 
Phosphorus in sulphide 
of carbon 

Tribromide of phos- 
phorus . 

Sulphide of carbon • . 
Lepidine . 

Bibromide of brom- 
ethylene . 
®*difled oil of cassia 
Aniline . , 

Chinoline . . 


Temp. 


36° a 


26 

11 

21 

18 

28 

21*5 

24 


Helractivc indices. 


A. 


2*0389 

1-9209 

1*6698 

1-6142 

1-6039 

1*6819 

1-6649 

1-6644 

1*6667 


1-9314 

1-6762 

1-6207 

1-6094 

1-5851 

1-6699| 

1-6684 

1-66171 


1-6240 


1-6727' 


2-0746 

1-9627 

1-6866 

1-6333 

1*6189 

1*6915 
1-6801 
1-6774] 
1 5687 


E. 

1-97441 

J 

1-6465] 

1-6909! 



1*6037 

1-6014 

1-5961 

1W<H 
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Table B — continued. 


Liquid* 

Temp. 


Refractive indice# 




A. 

B. 

C. 

D. 

R. 

F. 

G. 

H. 

Trichlorobenzene 

20°C. 

1*5563 

1-5602 


1*5671 

t # 

1*5809 

1*5945 

1*6065 

Bromoform 
Dinitrobenzene in ni- 

15-5 

1*5579 

1-5610 

1-5628 

1-5674 

1*6737 

1*5790 

1-5901 

1-5998 

* trobenzene 
Dibromide of chlor- 

23-5 

1*5460 

1*5506 

• * 

1-5600 

• • 

1-5791 

1*5994 

* • 

ethylene . 

12 -5 

1*5472 

1*5500 


1-5554 


1-5659 

1-5748 

1*5830 

Nitrobenzene 

25 

1*6331 

1*5371 

1*5398 

1-5465 

1*5554 

1*5643 

1-6832 

Hydrate of phenyl 

13 

1*5377 

1*5416 

1*5433 

1-5488 

1-5564 

1*5639 

1-6763 

W)S8f> 

Hydrate of cresyl 

11-5 

1*5341 

1 53 i 7 


1-5445 


1*5573 

1-5699 

1*6813 

Eugenic acid 

18 

1*5285 

1*5321 

1*5341 

1*5394 

1*5464 

1*5528 


1*5780 

Mercuric methyl 

26/) 

1-5197 

1*5232 


1*5296 


1*5368 

1-5526 

1-5620 

Salicylate of methyl . 

21 

1*5206 

1*5241 

1*5263 

1*5319 

1*5402 

1*5478 

1*5640 

1-6810 

Iodide of methyl 

16 

1-5203 

1-5234 


1*5307 

1*5377 

1-5440 

1-6558 

1-5670 

Mercuric ethyl . 

8-5 

1*5300 

1*5333 

. 

1*5397 


1*5518 

1*5634 

1-5729 

Nicotine . . 

18 

1*5149 

1-5174 

, 

1*5234 


1*5346 

1-5449 

1-5512 

Chlorobenzene * 

9 

1*5194 

1-5223 


1*5290 


1*5418 

1-6530 

1-5636 i 

Amyl-aniline 
Trichloride of phos- 

23-6 

1*5114 

1*5150 

1*5168 

1-5222 

1*5292 

1-6361 

1*5491 

1-5622 

phorus . 

23 ’5 

1*5052 

t'5088 

. , 

1-5148 


1-5252 

1-5357 

1-5446 

Iodide of ethyl . 

235 

1*5003 

1*5034 


1-5095 

1-5156 

1-5214 

1-5321 

1-5420 

Rectified oil of santal- 


wood 

Hydrocarbon from 

25*5 

1*4954 

1*4977 

* • 

1*5015 

• * 

1*5093 

1-6161 

1-5223 

cubebs . 

10-5 

1*4988 

1*5012 


1*5055 


1*5145 

1-5227 

1-5294 

Pyridine . 

216 

1*4940 

1*4967 


1-5030 


1*5156 

1-5278 

1-5387 

Lutidine . 

22*5 

1*4894 

1*4924 

. , 

1-4987 

, . 

1-5100 

1*5204 

1-53()R| 

Collidine . 
Hydrocarbon from 

23-5 

1*4927 

1*4958 


1-5013 

* • 

1-5127 

1*5232 

1-5329 

1 

cloves . 

17 

1*4918 

1*4944 


1-4985 


1*5064 

1*5140 

1*5209 ! 

Pseudoeumone . 

12*5 

1*4843 

1*4872 

. 

1-4932 


1-5040 

1*5146 

1*5236 1 

Iodide of amyl . 
Oxychloride of phos- 

17*5 

1-4816 

1*4843 

• • 

1-4892 

1*4941 

1-4987 

1*5074 

1*5149 i 

1 

phorus . 

17 

1*4810 

1*4840 


1-4882 


1*4967 

1*5047 

1-5118 

Benzene . 

10-5 

1*4879 

1*1913 

1-4931 

1-4975 

1-5036 

1-5089 

1*5202 

1-5305 

Benzylene . 

14 

1*4869 

1*4898 


1*4957 


1-5072 

1*5174 

1-5271 

Cymene 

29 

1*4648 

1*4671 


1-4717 

1-4766 

1-4808 

1*4866 

1*4957 

Nitroglycerin 
Hydrocarbon from 

13*5 

1*4683 

1*4706 


1-4749 

• • 

1-4824 

1*4899 

1*4947 

Portugal 

Cumene (2nd speci- 

25 

1*4617 

1*4640 


1-4684 

• • 

1-4758 

1*4826 

1-4894 

1*5008 

men) . 

8*5 

1*4687 

1*4709 


1*4759 

. . 

1*4853 

1*4936 

StanmAetbyl . 
Bichloride of chlor- 

23 

1*4606 

1*4629 

•«i 

1-46731 

• • 

1-4758 

1*4838 

1-4905 

ethylene 

13 

1*4661 

1*4680 

4 | 

1*4714 

( # 

1*4784 

1*4841 

1-4892 

HydrotWd’bon from 

tuq^intine . 

24 

1*4596 

1*4616 

f 

1*4653 

1-4691 

1-4724 

1*4790 

1-4845 

Hydrocarbon from 

cflrraway 

Hydrooarbon from 

24 

1*4594 

1*4615 


1*4652 

• • 

1-4724 

1*4789 

1*4344 

1*4865 

^Jberg&mot . 

26*5 

1*4574 

1-4598 

, 

1-4640 

# , 

1*4721 

1*4798 

Rectified oil of citro- 










ndjsi . 

19 

1*4598 

1*4619 


1-4655 

# # 

1*4730 

1*4795 

1*4860 

Hydrocarbon from bay 

23 

1*4545 

1-4567 

. 

1*4610 


1*4690 

1*4756 

1*4818 

Stahnic ethyl-methyl . 

19 

1*4555 

1*4578 

1-4590 

1*4625 

1*4674 

1-4716 

1*4795 

1*4868 

Chloroform 

10 

1*4438 

1-4457 

1-4466 

1*4490 

1*4526 

1-4555 

1*4614 

1-4661 

I 

9*5 

1*4230 

1*4246 

1-4255 

1*4279 

1*4309 

1*4338 

1*4386 

1-4429 

Nit®at»>f amyl . 

10 

1*4109 

1*4127 

. 

1 4157 

, , 

1*4219 

1*4274 

1*4320 

Ansylio uhsbhol .* 

25 

1*3981 

1*3999 

, 

1*4024 


1*4078 

1*4122 

1*4161 

HyoridiSof octyl 

9 

1*40*22 

1*4037 

, # 

1*4065 

• » 

1*4076 

1*4141 

1*4197; 


9*6 

1*3956 

1-3968 

• • 

1*3996 


1*4045 

1 *408711 *4 135} 
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Table B — continued. 



Temp. 



Refractive indices. 




A. 

B. 

C. 

D. 

E. 

F. 

ID 

H. 

Acetate of amyl 

8°5C. 

1*3944 

1-3958 

, , 

1-3998 

, 

1-4036 

W077 

1*4113 

Butyric ether 

23 

1-3850 

1*3864 


1-3888 

. . 

1-8938 

1-3981 

1*4018 

Amylene . 

8 

1-3850 

1-3866 


1-3896 


IgPIll 

1-3992 

1-4033 

Carbonic ether . 

22 

13773 

1*3785 

. . 

1-3810 



1-3896 

1-393&J 

Propionic ether . 

22*5 

1-3696 

1-3713 

. . 

1*3736 


1*3785 

1*3827 

1*3860 

Boracic ether 

22' 5 

1-3664 



1*3698 

, 

1*3742 

1*3785 

1-3815 

Acetic $ther 

20 

1-3645 

1-3658 


1-3685 


1-3728 

1*3766 

1-3798 

Alcohol 

15 

1-3600 

1*3612 

1-3621 

1-3638 

1-3661 

1-3683 

1-3720 

1-3751 

Acetone 

26 5 

1-3540 

1*3654 


1*3582 


1-3629 

1-3670 

1*3706 

Formic ether 

22 

1-3540 

1 3553 


1*3582 


1-3627 

1-3666 

1*3694 

Ether 

15 

1-3529 

1*3545 

1-3554 

1-3566 

1 *3690 

1-3606 

1-3646 

1*3683 

Water . . 

15 

1*3284 

1-3300 

1*3307 

1-3324 

1-3347 

1*3366 

1-3402 

1-3431 

Methylic alcohol 

20 

1-3264 

1*3277 


1-3299 


1-3330 

1-3669 

1 3395 


Cause of Dispersion. — As the several colours correspond to vibrations of dif-! 
ferent rapidity, and the deviation of rays of light in refraction depends on the change 
of velocity of light in passing from one medium into another, it follows that in order 
to explain dispersion, we must suppose that this change of velocity is different for rays 
of different colours, that is to say, that waves of different length travel through 
refracting media with different velocities. This consequence was for a long time re- 
garded as a grave objection to the undulntory theory of light, being in fact in contra- 
diction to the general formula for the velocity of undulations established by Newton, 

viz. v* «* It must, however, be remembered that though the velocity of light in 

free spuce is the same for rays of all colours (p. 594), it is by no means necessarily 
so in transparent media, which retain the ether imprisoned, as it were, between their 
particles. The waves must then turn round these molecules, and it is easily con- 
ceivable that the retardations thus produced may bo greater for the shorter than for 
tho longer undulations. That such is the case has in fact been provod by the ana- 
lytical researches of Cauchy ; but tho demonstration is not of a character to be intro- 
duced into this work, and does not admit of representation in a more elementary form. 


Heating , Chemical and Phosphorogenic Dags of the Spectrum. 

All the rays of the solar spectrum are capable of giving heat as well as light. A 
thermometer held in any part of the spectrum indicates a rise of temperature; but 
the heating effect is very different in different parts, being greatest at the red end of 
the spectrum ; but the particular position of the maximum heating effect varies with 
the kind of prism used. Moreover, there are invisible heat-rays situated beyond thfl 
red, and therefore of lower refrangibility than any of the luminous rays ; and when A 
flint-glass prism is used, the maximum of heating power is situated beyond the visibly 
red rays. 

The spectra of flames exhibit similar results, provided tho heat-rays which they 
emit are capable of passing through the substance of .which tho prism is formed, which 
w not always the case. (See Radiation ok Hrat.) * 

The solar rays are also capable of producing chemical change, chiefly of the 
reducing order. Thus silver-salts are blackened and more or less reduced by expottlrQ 
to daylight, and the leaves of plants, under the influence of sunlight, decompose the 
carbonic acid in tho air, and assimilate its carbon. This action is exerted by all tho 
luminous rays of the spectrum, but chiefly by the violet rays, and by non-luminou# 
rays extending to a considerable distance beyond the violet. The yellow and red rays 
have but little chemical power: hence ordinary flames (hydrocarbon flames) in which 
these rays greatly predominate, exert but little action on chloride of silver and other 
bodies, which change rapidly under the influence of solar light; and in monochromatic 
yellow flames, such as that of alcohol containing a sodium-salt, the chemical action id 
altogether imperceptible. Photographers dcvclopc their pictures in rooms into which! 
light is admitted only through yellow glass or yellow paper. Violet flames, pn thc, 
other h&nd, like that of burning magnesium, emit rays whose chemical activityifvali ‘ 
that of sunlight; though their luminosity is incomparably less. Tba maximum of 
chemical action is not, however, produced upon all substances in the suae ptHNtf 
HI. S S 
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the spectrum. According to & Becq u erel (Ann. Ch. Phys. [3], ix. 237), chloride of 
silver begins to blacken in the extreme violet between the lines H and G, the colora- 
tion extending on the one side nearly to F, and on the other considerably beyond the 
visible violet. With the iodide and bromide of silver, the effect is similar, excepting 
that the action does not extend so far beyond the violet., and the maximum does 
not occupy the same place. Guaiac-resin, which is turned blue by exposure to 
sunlight, is not at all affected by any of the visible rays of the spectrum, the action 
beginning only in the ultra-violet, and the maximum being situated a long Way beyond 
the end of the visible spectrum. 

The chemical spectrum contains fixed lines, that is to say, portions in which no 
chemical action is produced, so that when a piece of paper covered with chloride of 
silver or other sensitive substance has been exposed to the spectrum, the blackened 
surface is traversed by lines of the same colour as the original substance, in the ultra- 
violet as well as in the visible portion of the spectrum. A diagram of these line# will 
be given in the next article on the Chemical Action of Light. 

The int erposit ion of colourless plates or films does not modify the chemical action in 
the visible part of the spectrum between A and H ; that of the rays between H and P 
is likewise unaltered by certain transparent substances, such as water, alcohol, sulphuric 
acid, &c., whereas other substances, both liquid and solid, weaken the chemical action 
of the most refrangible chemical rays situated beyond the visible spectrum, from P to 
a point more or less near to H. With nitric acid and oil of lemons, the absorbeut 
action stops at N ; with creasote, bitter almond-oil, and a dilute aqueous solution of 
SulphAte of quintne, at II. (For further details respecting the chemical action of light, 
see the next article.) 

The different rays of the spectrum also differ in their power of producing phos- 
phorescence. When Canton’s phosphorus spread on a sheet of paper is exposed in 
a dark room to the action of the spectrum, phosphorescence is produced by the rays 
between G and P (see figure in the next article) ; there is a less luminous portion 
beween I and N, and two maxima, one between H and G. the other in O. The 
Bolognian phosphorus gives similar results, excepting that there is no minimum in 
I N, and only one maximum between I and M. It appears therefore that the phos- 
phorogenic rays occupy the same portion of the spectrum as the chemical rays. 

The colour of the phosphorescent light, which may vary from orange-red to violet, 
has no relation to that of the exciting rays, excepting in the case of three substances : 
sulphide, of barium, which shines with an orango-yellow light when it has been ex- 
posed to the rays between H and P, with a more reddish light when it receives the 
blue and violet rays ; sulphide of calciwn , which shines with an orange-red light when 
it has beeh exposed to the rayB between F and O, and exhibits a slight greenish shade 
when the incident rays are comprised between O and P ; lastly, the substance obtained 
by the action of sulphide of potassium on oyster- shells calcined with lime, which 
<?mita a violet-indigo light after exposure to rays of the same tint, and becomes blue 
in the ultra-violet rays. In general, the emitted rays are less refrangible than the 
exciting rays, the last-mentioned substance, however, forming an exception to this rule. 

The electric light , which is very bright and very rich in highly refrangible rays, 
produces phosphorescence more actively than the solar rays. The sudden discharge is 
more efficacious than the continuous light of the voltaic arc. 

The phosphorogenic spectrum likewise exhibits dark linos or lines of no action ; but 
to see them it is necessary to extend the spectrum to about ten times its usual length 
by means of diverging lenses. Dark lines are then sS^n on the phosphorescent surface, 
occupying the same position as those of the lutfiinous and chemical spectra. They 
fnay be rendered more distinct by heating the phosphorescent body to between 200° 
ana 300° ; the luminous portions then become brighter, and the lines more distinct. 

Transparent substances, both coloured and colourless, placed in the course of the 
incident rays, absorb the phosphorogenic rays in the same parts of the spectrum as the 
luminous and chemical rays. 

Identity of the calorific , luminous , chemical ', and phosphorogenic rays . — It was 
formerly supposed that the rays producing these several effects are distinct from each 
other ; in fact, that luminous bodies emit four kinds of rays, which, when dispersed 
by a prism, form four spectra superposed over each other, but having their -maxima 
and minima at different places. But it is much more probable that the rays or 
undulations are all of one kind, and capable of producing one or other of the effects 
'above mentioned, according to the nature of the bodies or organs upon which they act. 
In fact, the calorific and chemical rays are reflected and refracted in the same manner 
as luminous rays of equal refrangibility ; the calorific, luminous, and chemical spectra 
are interrupted by the same lines ; and bodies which absorb the luminous rays likewise 
absorb heat-rays and chemical rays of the same degree of refrangibility. lie same is 
true with regard to the phosphorogenic rays, so far as they extend into the luminous 
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j of the spectrum. Moreover, Fizeau and Foucault have shown that the chemical 
wns produced at the focus of a lens by the light of the voltaic arc and the lime-hght. 


^'toone’another in the same ratio as'tlie luminous intensity. 

The nroduction of the several effects above mentioned by the same rays, is quite in 
accordance with the wave-theory of light. The waves of the ether striking on the 
s,uface of ponderable bodies throw their particles into vibration, and the particular 
effects produced are determined by the rate and mode of vibration thus excited, whioh 
themselves depend upon the manner m which the particles of tho body are held 
to, “ether as well as upon the rate of vibration of tho incident waves. Rays whose 
lenirth and rapidity of vibration are such as to excite in our organs the sensations of 
both heat and light, may, when they impinge upon a poudorable body, set its particles 
into such a rato of vibration as to excite in the surrounding ether, waves whose length 
Rnd -rapidity of vibration correspond to the least refrangible rays of the spectrum 
be von d” the visible red. In like manner, we shall presently seo that the invisible 
chemical rays ut the other end of the spectrum may excite vibrations of loss rapidity, 
which render visible the body on which they impinge. The effect thus produced is 
called 

Fluorescence. 

It was observed some years ago, by Sir John Ilerachol, that a solution of sulphate 
of ouinine, though perfectly colourless by transmitted light, exhibits in certain aspect# 
a peculiar blue colour. This blue light was found to be produced only by a very 
thin stratum of liquid adjacent to the surface by which the light entered and the 
incident beam, after having passed through the stratum from which the blue light 
came was not sensibly weakened or coloured, but had lost the power of producing the 
usual blue colour when admitted into another solution of sulphate of quinine. .Light 
thus modified was said by Sir J. Herschel to bo epipolisrd. 

Similar phenomena were observed by Sir I). Brewster m an alcoholic solution of 
chlorophyll, the green colouring matter of leaves, the path of a beam of sunlight ad- 
mitted into the green solution being marked by a bright light of a blood-red colour. 
The same appearance was afterwards observed in various vegetable solutions and 
essential oils, and in some solids. Brewster distinguished this phenomenon by tho 
name of internal dispersion, attributing it to the irregular reflection of the light from 
coloured particles suspended in tho liquid, and was of opinion that IferHchol s epipohe 
dispersion was only a particular case of this internal dispersion. , 

The true explanation of these remarkable phenomena has, however been given by 
Professor Stokes, who has shown that tho peculiar dispersion produced by sulphate of 
quinine, and the other liquids above mentioned, is due to a change of rej rangibility in 
the rays of light . Tho following experiment renders tins evident^— 

A sola 
of flint j 
filled 1 

towards t.i»« yiuicv t-nu.. , .... 

refrangible part of the spectrum, tho light passing through it freely and without sen- 
sible modification; but just before it reaches the extremity of the violet, a jieuilmr 
blue diffused light makes its appearance ut the surface of the fluid by winch tJin light 
enters, and remains visible, even after the tube has passed beyond the violet into the 
invisible portion of the Hpectrum, acquiring, in fact, its greatest intensity at a curtain 
distance beyond tho extreme violet. 

The stratum of liquid from which the diffused blue l.ptl.t emanates ,s limner in 

proportion as the incident rays are more refrangible ; and, from a little biyorn 

extreme violet to tho end of the spectrum, the blue space is reduced to an excessively 
thin stratum adjacent to the surface by which the rays enter It appears therefore, 
that the solution, though transparent with respect to nearly the whole of the Vi si bio 
rays, is of an inky blackness with respect to the invisible rays more refrangible than 
the violet. Nevertheless, these rays, when onee they have been converted into the 
visible blue licrht. nass through the liquid with facility, fhey must tberefore be 

Now, a change in the quality of light must consult, 
either in a modification of its state of polarisation, or in its period of undulation. Tho 
former supposition is excluded by the fact that the light thus modified ^ 



visible blue light, pass through 

essentially altered in character, - e . - rri,,* 

*=*•- • \ modification of its state of polarisation, or in its jsinod of undulation. I ho 

supposition is excluded by the fact that the light thus modified is not polart—* 
at. all. ft must, therefore, have undergone a change in its rate of vibration, 
consequently a change of refrangibility. The existence of this change is, moreover 
distinctly proved by examining the diffused light with a prism. It is tbcn fo m to 
be by no means homogeneous, but to be resolvable into rays of unequa 
the whole of which are, however, comprised within the limits of the visible «P«*rara. 
The diffused blue light consists of the chemical rays rendered visible by a change tn 

1 Thsdiffuri^thiis produced is entirely distinct from that which is due to reflect ioa 

s s 2 
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from irregularities op suspended particles. The two phenomena are often produced 
together in the same medium ; but they are easily distinguished by the fact that tho 
light diffused by irregular reflection is more or less polarised, whereas the light diffused 
in the manner above described is entirely unpolarised, even if the incident rays were 
■themselves polarised. This phenomenon, to which Profeasor Stokes originally gave the 
name of true diffusion , to distinguish it from the false diffusion produced by irregular 
reflection, is now called Fluorescence. 

It is exhibited by many solutions, and by many solid bodies, opaque as well as 
transparent, the colour of the diffused light varying with the nature of the medium. 
An aqueous infusion of horse-chesnut bark exhibits it very strongly, producing a blue 
colour similar to that of sulphate of quinine. Many compounds of sesquioxide of ura- 
nium are also highly fluorescent, and diffuse a greenish-blue light, especially the 
nitrate, and canary-glass. A decoction of madder mixed with alum gives a yellow or 
orange-yellow fluorescence ; tincture of turmeric and alcoholic extract of thorn-apple 
seeds diffuse a greenish light ; an alcoholic solution of chlorophyll, a red light. 

When the fluorescence is strong, as with sulphate of quinine, it may be seen by 
merely viewing the substance by ordinary diffused daylight. For more accurate obser- 
vation and for detecting fluorescence when it exists only in a slight degree, the 
following method is recommended by Stokes (Phil. Mag. [4], vi. 304): — 

Light is admitted into a darkenecl room through a hole several inches in diameter in 
the window-shutter, and the object to be examined is placed on a small shelf, blackened at 
the top, and fixed just below. The hole is covered with an absorbing medium, called 
the principal absorbent, so selected as to transmit only the feebly luminous and in- 
visible rays of high refrangibility. Tho body on the shelf is viewed tlirough the second 
medium, the complementary absorbent, which is chosen so as to be as transparent as 
possible to those rays which are absorbed by the first, and to absorb all the rays which 
aro transmitted by the first. If the media are well selected, they produce a very near 
approach to perfect darkness ; and if the object appears unduly luminous, that effect 
most probably arises from fluorescence. To determine whether the illumination is 
really duo to that cause, the complementary absorbent is removed from before tho eyes 
to the front of the aperture, when the illumination, if really due to fluorescence, almost 
wholly disappears; whereas, if it be due merely to scattered light capable of passing 
through both media, it remains. In examining feebly fluorescent substances, however, 
it is hotter to keep the second medium in its place before the eye, and to use a third 
medium, the transfer -medium, placing the last alternately in the path of the incident 
rays, and between the object and the eye. Still greater delicacy of observation is 
attained by placing the substance side by side with a small white porcelain tablet, which 
is quite destitute of fluorescence, and examining tho two as above. Or, again, the 
object being placed on the tablet, a slit is held close to it, in such a position as to be 
seen projected partly on the object, partly on the tablet, and the slit is viewed through 
a prism. The fluorescence of the object is evidenced by light appearing in regions of 
the spectrum, in which the rays coming tlirough tho principal absorbent, and scattered 
by the tablet, then produce nothing but darkness. These methods are delicate enough 
to show the fluorescence of white paper, even on a very gloomy day. 

It is not morely the most refrangible rays that are capable of producing fluorescence; 
the rays of any part of the spectrum may undergo this change. By examining different 
media with the spectrum in the manner already described, it is seen that the fluores- 
cence begins, sometimes in the blue, sometimes in the yellow. With an alcoholic solu- 
tion of chlorophyll, it begins in the rod. But whereverthe change of refrangibility may 
begin, it is always in one direction, consisting in a diminution of the index of refraction, 
and a consequent depression of the light in the scdOLu of colours. In other words, the 
length of the wave is increased, and its velocity of undulation diminished. The vibra- 
tions of the ether in the incident ray appear to excite disturbances within the complex 
molecules of the fluorescent medium, whereby new vibrations are excited in the ether, 
differing in period from those of the incident ray. The portion of the light which has 
produced this molecular disturbance is used up or absorbed , and thereby lost to visual 
perception, just as heat is converted into mechanical work. It is probable that the ab- 
sorption of light always takes place in this manner. The well-known fact of the con- 
version of luminous rays into invisible calorific rays, is, as already observed, a striking 
instance of diminution of refrangibility accompanied by absorption. 

As the most refrangible rays are the most active in producing fluorescence,* it is 
natural that this effect should be most strikingly exhibited by the light of flames which 
are rich in those rays, — the flame of alcohol and of sulphur, for example. These flames 
<jk>, in fact, produce the effect in a higher degree even than sunlight. An extremely 
beautiful effect is produced by exposing a number of highly fluorescent media, such as 
sulphate of quinine, infusion of horse-chesnut bark, and canary-glass, to the flame of 
sulphur burning in oxygen in a dark room. 



LIGHT: FLUORESCENCE. 


635 

The colour and composition of fluorescent light sometimes afford valuable aid 
in distinguishing between one substance and another, and in testing the purity of 
solutions. With a solution of a pure substance, t he tint of the fluorescent light is 
almost perfectly constant. But this tint, it must be remembered, is that of the light 
05 emitted , not as subsequently modified by absorption on the part of the solution, in 
case the solution be sensibly coloured, and some precautions are required in order to 
observe it correctly. The fluorescence observed in solutions from the barks of the 
horse-chesnut, ash, &c., was formerly attributed indiscriminately to the presence of 
sesculin, whereas apurified solution from the bark of the horse-chesnut exhibits a fluores- 
cence very sensibly different from that of .esculin, which observation alone would suttico 
to show that the bark must contain some other fluorescent substance besides resculin. 

The best mode of observing the true fluorescent tint is to dilute the liquid con- 
siderably, and to pass into it a beam of sunlight, condensed by a lens fixed in a board 
in Vich a manner that as small a thickness of the liquid as possible shall intervene 
between the fluorescent substance and the eye. If a stratum of this thickness of the 
dilute solution is sensibly colourless, the tint of the fluorescent light will not bo 
sensibly modified by subsequent absorption. But as direct sunlight is not always to 
be had, the following method, requiring only diffused daylight, may also be used, the 
solutions being pretty strong, or at least not extremely dilute. 

A glass containing water and blackened internally at the bottom is placed at a 
window, and the solution to be examined as to its fluorescent tint is placed in a test- 
tube which is held vertically in the water, tin* top slightly inclining from the window, 
and the observer regarding the fluorescent light from above, looking outside the test- 
tube. Since by far the greater part of the fluorescent light comes from il very thin 
stratum of liquid next the surface by which the light enters, the fluorescent rays lmvo 
mostly to traverse only a very small thickness of the coloured liquid before reaching 
the eye; the water permits the escape of those fluorescent rays which would 
otherwise be internally reflected at the external surface of the test-tube, and the in- 
tensity of the light of which the tint is to be observed is increased by foreshortening. 
(Stokes, Chem. Soc. J. xi. 19.) 

The nature of the solvent must also be attended to. The colour of the fluorescent 
light is liable to change, not merely in passing from an alkaline to a neutral or acid 
solution, but even occasionally in passing from one neutral solvent to another. 

The composition of fluorescent light, as revealed by the prism, occasionally presents 
peculiarities, but in such cases they are found to be connected with peculiarities in the 
mode of absorption, so that the two are not to be regarded as independent characters 
of a substance; and hs the peculiarities in the absorption arc, as a general rule, the 
more easily observed, it is only rarely that the analysis of the fluorescent light is of 
much use. 

The distribution of fluorescence in the spectrum often affords valuable information, 
but its observation requires the use of somewhat complicated apparatus. The observa- 
tion is restricted to times when the sun is shining pretty steadily (unless the observer 
1ms recourse to electric light, or at least lime-light); it is requisite to reflect the 
sun's light horizontally, without which the observation would bo most troublesome; 
and unless the reflexion be made by the mirror of a heliostat, the continual change in tho 
direction of the reflected light is most inconvenient. It is requisite to use at least one 
good prism, better two or three, which must be of tolerable size, in order to have 
light of sufficient intensity, and the prisms must be combined with a lens, which need 
not however be achromatic. 

It has already been stated, as the result, of experience, that the colour of the fluo- 
rescent light of a single substance is constant throughout the spectrum, or very nearly 
so. If, therefore, on examining a solution in a pure spectrum thus formed by pro- 
jection, we find the fluorescence taking a fresh start with a different colour , we may bo 
a Imost certain that we have to do with a mixture of two different fluorescent sub- 
stances, the presence of which is thus revealed without any chemical process. If, 
however, the fluorescence of two fluorescent substances, which may be mixed together, 
begins at nearly the same point in the spectrum (as commonly happens when there is 
merely a slight difference of tint in the colour of tin* fluorescent light of the two 
susbtances), the coexistence of the two may escape detection when the mixed 
solution is merely examined in a pure spectrum ; and in such cases a combination of 
processes of fractional separation with the observation of the tint of the fluorescent 
light is more searching. This is the ease, for instance*, with the mixture of a*sculin 
and fraxin contained in a solution from the bark of the horse-chesnut. 

As the occurrence of a decided difference of colour in the fluorescent light seen fit 
two different parts of the spectrum implies, almost to a certainty, the presence of two 
different fluorescent substances, so, conversely, the exhibition of the same colour is an 
argument in favour of the identity of the substance producing the fluorescence at the 
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two parts. We cannot, indeed, say that there may not be two substances present, the 
fluorescence of which commences at nearly the same part of the spectrum ; but two 
different substances, tho fluorescence of which commenced at two widely different parts 
jf the spectrum, would certainly reveal themselves by the difference of colour. For 
experience shows that the refrangibility of the light emitted at any part of the incident 
spectrum, by the solution of a pure substance, extends nearly up to that of the point 
of the incident spectrum at which the fluorescence commences, but not much beyond ; 
and though, in passing from one pure substance to another, variations do occur in the 
relative brightness of tho rays of less refrangibility which compose the fluorescent 
light, yet, on the whole, there is so close a connection between the colour of tho 
fluorescent light and the refrangibility of the rays by which the fluorescence is first 
produced, that a great variation in the one is incompatible with constancy or a mere 
tiifling variation in the other. (Stokes, Chem. Soc. J. xvii. 312.) 

i 

Absorption. 

All bodies are transparent to a certain extent ; even metals, which are the most 
opaque of all substances, allow a small quantity of light to pass through them, when 
they are reduced to extremely thin leaves ; thus gold-leaf laid upon glass transmits 
light of a green colour. On the other hand, there is no such thing as a perfectly 
transparent medium ; even the air stops a certain quantity of light, when the thickness 
traversed by the rays is very considerable; on the tops of high mountains the stars 
appear much brighter than when seen from near the sea-level. For all ordinary 
thicknesses, however, colourless gases may bo regarded as perfectly transparent. 

Transparent media are colourless or coloured, according as they transmit the several 
rays composing white light, in the same or in different proportions. Thus a red glass 
is one which transmits the red rays more easily than those of any other colour. On 
viewing a solar spectrum through a piece of glass 1 millimetre thick, coloured with 
red oxide of copper, all the colours excepting tho red disappear, tho glass being opaque 
to all the more refrangible rays. Other media transmit rays of one or more colours, 
and stop tho rest, and consequently exhibit compound colours by transmitted light : 
thus an ammoniacal solution of copper, when of a certain strength and thickness, 
stops all the rays excepting tho red and the violet. 

If rays which have passed through a rod glass be passed through another glass of 
the samo colour, tho latter will absorb but a small proportion of the rays which fall 
upon it, because those which are incapable of passing through red glass liave already 
been eliminated by the first medium ; but if tho second glass is green, it will stop the 
red rays, and the two together will form a perfectly opaque screen. 

There is no medium which is absolutely colourless, that is to say, capable of trans- 
mitting rays of all colours in exactly the same proportion ; even air, when seen through 
great thicknesses, appears blue ; the colour of the sky is merely that of the atmosphere 
seen through a thickness of several miles ; in like manner distant mountains appear 
blue, just as if they were seen through a blue glass. 

On the other hand, to enable a medium to absorb tho rays of one or more colours 
completely, it must have a certain thickness. Even metals, as already observed, when 
roduoed to extremely thin films, transmit certain colours, and a plate of glass which, 
when of a certain thickness, stops all but the red rays of the spectrum, transmits a 
greater and greater number of coloured rays as its thickness is diminished, and at last 
appears almost colourless. 

It was formerly supposed that the quantity of light" absorbed was proportional to 
the thickness of tho medium through which it passed, but later researches have shown 
that the law is more complicated. Suppose the medium divided into infinitely thin 
layers perpendicular to the direction of the rays wfiich traverse it ; and let a be the 
fraction, supposed constant, which represents the proportion between the quantity of 
light arriving at any layer, and that of the light which passes through unabsorbed. 
The quantity of light (supposed homogeneous) which arrives at the first layer being I, 
that which reaches the second will be I a ; that which arrives at the third will be la 1 , 
and so on. If therefore e represents the thickness of the medium (equivalent to n layers), 
the intensity of the ray after having passed through this thickness, is given by the 
formula t = la*. The intensity of the emergent light decreases therefore in geometric 
proportion, while the thickness of the medium increases in arithmetical proportion. 
The quantities absorbed by the successive layers follow a similar law, being, for the 
first layer I — la = 1(1 — a); for the secoud, Ia(l — a); for the third, Ia 2 (l — a), and 
for the »*th, — a). 

Now let B, O, Y, &c., represent the intensities of the several principal colours com- 
posing a ray of incident light, the total intensity of the beam being therefore 
B + O + Y + G + B + I + V; also let r, o, y, &c., be the fractions of the several coloured 
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j«js which tea verse, without absorption, a unit of thickness of the medium ; then the 
intensity of * beam emerging from a layer whose thickness is «, will bo 

Rr* + Oo*Y + y + Qg* + BA* + It* + Vv*. 

The terms of this expression containing the smallest of the fractions r, o, y, &c M 
decrease most rapidly as e increases ; the colours corresponding to the other terms 
will therefore predominate more and more, and the emergent tint will not be white, 
but will exhibit a compound tint depending on the relative magnitude of the several 
terms. Hr*, Oo*, &c. If the rays of any one colour, red for example, are less absorbed 
than the rest, it is always possible, by increasing the thickness of the film, to a certain 
extent, to obtain red rays sensibly homogeneous ; for by increasing r, the ratios 
Kr* : Oo*, Rr* : Yy\ &c., may be increased in any required proportion. When, on the 
con|rary, the quantities r, o, g, &c., differ but little from unity, and the thickness of 
the medium is small, the sum Rr* + Oo* + &c., differs but little from that which repre* 
sents the intensity of the incident ray ; thut is to say, the light is not perceptibly 
coloured. 

The relative quantities of the several coloured rays absorbed by a coloured medium 
of given thickness, may be observed by viewing a line of light through a prism ami 
the coloured medium. The spectrum will then be seen to be diminished in brightness 
in some parts, and perhaps cut otf altogether in others. This mode of observation is 
often of great use in chemical analysis, as many coloured substances when thus ex- 
amined afford very characteristic spectra, the peculiarities of which may often be 
distinguished, even though the solution of the substance under examination ion tains 
a sufficient amount of coloured impurities to change its colour very considerably. The 
following method of making the observation is given by Professor Stokes (Ohem. 
Soc. J. xvii. 306): 

A small prism is to be chosen of dense flint glass, ground to an angle of 60°, and 
just large enough to cover the eye comfortably. The top and bottom should be flat, 
for convenience of holding the prism between the thumb and fore-finger, and laying 
it down on a table, so as not to scratch or soil the facos. A fine line of light is 
obtaiued by making a vertical slit in a board 6 inches square, or a little longer in a 
horizontal direction, and adapting to the aperture two pieces of thin metai. One of 
the metal pieces is movable, to allow of altering the breadth of the slit,. About the 
fiftieth of an inch is a suitable breadth for ordinary purposes. The board and metal 
pieces should be well blackened. 

On holding the board at arm’s length against the sky or a luminous flame, the slit 
being, we will suppose, in a vertical direction, and viewing the line of light thus 
formed through the prism held close to the eye, wifh its edge vertical, a pure spectrum 
is obtained at a proper azimuth of the prism. Turning the prism round its axis altera 
the focus, and the proper focus, is got by trial. The whole of the spectrum is not, 
indeed, in perfect focus at once, so that, in scrutinising one part after another, it is 
requisite to turn the prism a little. When daylight is used, the spectrum is known to 
be pure by its showing the principal fixed lines; in other cases the focus is got by tho 
condition of seeing distinctly the other objects, whatever they may be, which are pre- 
sented in the spectrum. To observe the absorption-spectrum of a liquid, an elastic 
band ia put round the board near the top, and a test-tube containing the liquid i« 
slipped under the band, which holds it in its place behind the slit. The spectrum i* 
then observed just as before, the test-tube being turned from the eye. 



To observe the whole progress of the absorption, different degrees of strength msst 
be used in succession, beginning with a strength which docs not render any part of 
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which is coloured, shows that, with very few exceptions, all the compounds of the same 
base or acid have the same effect on the rays of light. This law is seen to hold good 
in many instances which at first sight appear exceptional. Thus it is well known that 
some salts of chromic oxide are green, others red or purple. Now these differently 
coloured chromic Balts all exhibit the same general form of spectrum {fig. 668), in which 
the violet and indigo rays are very soon cut off; and as the thickness increases, the 
light is more and more concentrated about two points — one in the red, the other in 
the bluish-green, the red rav penetrating with the greatest facility. Hence it is that 
the chloride and other salts of chromium, which are green in moderately dilute 
solutions, appear purple or red when we look through a strong or very deep solution. 
The acetate absorbs the green rays more readily, and therefore appears green only in 
very weak solutions, or in thin strata, while the “red potassio-oxalate ” absorbs the 
green so speedily that the thinnest portion of it appears bluish-red. 

Salts composed of a coloured base and a coloured acid exhibit colours compourlded 
of the rays which are not absorbed by either, the resultant colour bearing, in many 
instances, but little resemblance to the original colours. Thus, the acid chromate of 
chromic oxide, a compound of two substances which give respectively yellow and 
green solutions, is not bright green, but brownish-red, because the chromic acid cuts 
off nearly all the blue and violet rays, while the oxide of chromium absorbs tho yedlow 
and the greater part of the green. 

Some salts which are but slightly coloured, nevertheless exhibit very characteristic 
spectra. Thus, a solution of sulphate of didymium, which has but a faint rose colour, 
exhibits, when examined by the hollow wedgo and prism, a spectrum containing two 
very black lines ; one in tho yellow, the other in the green. These lines are visible in 
very yveak solutions of didymium, and therefore serve as a delicate test for that metal ; 
they, moreover, afford means of distinguishing it from cerium and lanthanum, in the 
spectra of which they do not occur. 

Brewster's Theory of the. Spictrum. Newton regarded the spectrum as composed of 
an infinite number of simple colours, each element of it consisting of a ray of definite 
refrangibilily and not capable of further decomposition : and this theory has been almost 
universal^ received as affording satisfactory explanations of all the phenomena of 
colour, and of tho decomposition and recomposition of light. Brewster, however, in 
studying the decomposition of light by absorption, observed certain facts which ho 
regarded as incompatible with Newton’s theory, and he accordingly proposed a new 
theory of tho constitution of the spectrum, which is as follows: — 

1. White light is composed of three colours only, red, yellow, and blue, mixed in 
certain proportions. 

2. The solar spectrum is formed of three superposed spectra of these colours, each of 
them extending the entire length of the spectrum, but with varying intensities as shown 
in fig. 670 ; where the horizontal line r v, represents the length of the spectrum, and the 
three curves, R, Y, and B, are so drawn that their ordinates are proportional to the 
intensities of the several colours at each point, the blue having u maximum between 
the fixed lines F and G, the yellow near F, and the red, two maxima, one near B, and 
another of lower intensity near the 

violet end of the spectrum. Fig. 670. 

3. All the colours of the spoctrura V 

are compound, and as all the rays 
united in one point havo the same de- 
gree of refrangibility, they cannot bo 
further decomposed by refraction. 

Brewster was led to these conclusions r 
l»y observing that when the spectrum - * 

' is viewed through certain coloured media, white light may be shown to exist in any part 
of it. Thus, by looking through an azure-blue glass of sufficient thickness, or better, 
through a solution of sulphate of copper mixed with red ink, the yellow of the spectrum is 
replaced by white, very slightly tinged with green or red, according to the particular 
tint of the medium. This white light is not decomposable by refraction, but may be 
decomposed by viewing it through a film of gelatin of yellow or green colour, tho 
white band then appearing yellow or green, in consequence of the absorption of the 
blue or red rays. By similar means Brewster found white light in the green and the 
orange, whence he concluded that the three primary colours exist in the yellow, green, 
and orange of the spectrum. In like manner, by viewing the spectrum through certain 
yellow liquids, he found that the blue and indigo assumed a violet tint, whence he 
concluded that red light exists in these parts of the spectrum. The blue of the spec- 
trum seen through a film of blue gelatin, exhibited a white band, and the blue and 
indigo viewed through a blue gluss assumed a violet tint: hence the presence of yellow 
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in the blue was inferred* By viewing the spectrum through a layer of Peruvian balsam, 
pitch, sulphur^balsam or red mica, yellow was seen in the rod near the line C. 
Brewster was not able to detect yellow in the violet, but he attributed this negative 
result to the feebleness of the light in this part of the spectrum, and the facility with 
which it is absorbed by all coloured media. Lastly, the red of the spectrum seen 
through balsam of Peru, pitch, sulphur-balsam, or red mica, appeared green, whence it 
was inferred that the red of the spectrum also contained blue. 

Brewsters theory has not however met with general adoption. In the first plsice, it is 
quite inconsistent with the wave-theory of light : for just as there is an infinite number 
of sounds corresponding with an infinity of wave-lengths in the air, so likewise must there 
be an infinite number of shades of colour corresponding with an infinite number of 
wave-lengths in the ether, and therefore also (p. 009), an infinite number of different 
refrangibilities. On the other hand, to account for the dark lines of the solar spec- 
trumf it would be necessary tosupposo that certain rays are wanting in the coni|>o»ent 
spectra exactly at the same points, which is very improbable. 

Moreover there is no reason whatever for assuming that, rod, yellow, and blue are the 
component colours of white light; indeed, Helmholtz has shown, by a method to bo 
presently described, that the actual colours of the spectrum may bo more exactly imi- 
tated by combinations of red, green, and violet, but that even then the imitation is far 
from satisfactory. 

More careful observations by Airy, Holmlioltz, and others have likewise shown thut 
Brewster's conclusions are not borne out, oven by his own method of observation, when 
proper precautions are taken to eliminate sources of error. Airy has pointed out that, 
to obtain correct results with such a inode of experimenting, it is necessary in the first 
place to exclude all extraneous light, which, being decomposed by the coloured medium, 
will modify the tint observed ; and, secondly, to compare the spectrum viewed through 
the coloured medium with a pure spectrum viewed directly, the two being formed 
immediately one above tho other, as in no other wav can an exact comparison of the 
tints in the corresponding parts of the two be made. When these precautions were 
taken, he found it impossible to distinguish the slightest difference, excepting in 
brightness, between the colours of the spectrum seen through a coloured medium, and 
those of the spectrum viewed directly. Airy also observes that tho intensity of the 
light may make a great difference in the impression produced on tho cy<» by any 
particular colour. 

Helmholtz has shown that tho results may bo modified by the light scattered by 
irregular refraction at tho surfaces of the coloured medium, and by the lens and prism used 
to form tho spectrum, especially when the absorbent medium used is a film of gelatin, 
which is not very transparent. To eliminate this diffused light, the spectrum is received 
on a screen having a narrow slit through which a thin coloured pencil can pass, and 
this pencil is made to fall upon a second prism, followed by a lens, whieh forms a 
coloured image of the slit, and a faint spectrum proceeding from the diffused light, 
which has passed through the second aperture. This spectrum does not perceptibly 
alter the purity of tho focal imago. On examining the different colours of this purified 
spectrum through various coloured media, it was found impossible to distinguish any 
difference of tint between the colours thuH observed and thoso viewed directly. 

From all these experiments it maybe inferred that it is impossible to decompose the 
colours of tho spectrum by absorption any more than by refraction ; that the colours, as 
Newton supposed, are simple; and that to euch colour there corresponds a definite de- 
gree of refrangibiiity. 

Decomposition of Xtight by Deflection. 

Newton explained the colours of bodies by supposing thut they decompose the 
light which falls on their surfaces, absorbing some of the component rays, reflecting 
the rest in a diffused manner if they arc opsique, or reflecting one portion and trans- 
mitting another if they are transparent, the reflected and transmitted light being 
always more or less coloured, because the different coloured rays are not absorbed 
in the same proportion. Black substances are those which absorb all the rays 
"finch fall upon them ; white substances, those which reflect all tho rays ; bodies of 
these two classes act in the same manner on all kinds of luminous rays. But between 
these two extremes, there is an infinity of substances which reflect the several coloured 
rays in different proportions. A red body, for example, is one which reflects red it* 
larger proportion than the other rays composing white light. In tho ease of opaque 
bodies tho decomposition of the light takes place at an insensible depth below the sur- 
face, the result being independent of the inner layers of the substance. 

If rays of light dispersed by a prism l>e throw n on a white surface, each point reflects 
the light which it receives, and appears of the same colour as that light. If the surface 
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is red, it appears very bright in the red part of the spectrum, but the other colours are 
faint, the red surface reflecting the red rays of the spectrum abundantly, but the other 
colours in small proportions only. If the body is capable of absorbing certain rayg 
completely, black bands arc seen in the corresponding parts of the spect rum, and if the 
laxly be illuminated solely by rays of that particular degree of refrangihility, it appears 
black. 

A coloured body illuminated by different sources of light may exhibit different 
colours, the spectra formed by the light from these several sources not being formed of 
the same colours or in the same proportions. It is thus that objects which are green by 
daylight appear blue by lamp-light, the yellow rays being less abundant in the light of 
ordinary flames than in solar light. Most objects appear differently coloured by 
moonlight, from what they do by daylight. When a series of the seven principal 
colours of the spectrum is illuminated by the monochromatic yellow light of a lamp 
fed with spirit containing common salt, the yellow, orange and red strips appear yellow 
of various degrees of brightness, the rest grey or black, because they do not receive 
rays which they are capable of reflecting, or in other words, because their particles are 
not susceptible of vibrating in unison with those of the light which falls upon thorn. 
In the same light, the face and lips appear of a livid hue, because the red rays which 
the skin reflects in daylight are wanting in the yellow light. 

When the body on which the light falls is transparent, the rays which pass through 
it are those which have not been reflected at its surface ; hence the reflected and 
transmitted light may be of different colours. Such is in fact the case in many in- 
stances. Gold-leaf, which is yellow by reflected light, transmits light of a bluisli-green 
colour. Faraday formed pulverulent deposits by sending powerful electric discharges 
through metallic wires in an atmosphere of hydrogen ; in the finely-divided state thus 
produced, copper appeared green by transmitted light ; tin, brown ; zinc, brown or 
bluish-grey; palladium, brown ; aluminium, brown or orange-coloured. The reflected 
and transmitted rays are sometimes complementary to eacli other; but this is the ease 
only when no part of the light, is absorbed. When a body exhibits the same colour, 
red for example, both by reflection and by transmission, it is because it reflects part 
of the red rays of the incident light, transmits the rest, and absorbs the rays of all the 
other colours. 

In many cases, however, as pointed out by Professor Stokes (Chcm. Soc. J. xvii. 
315), the colour of a body attributed on cursory examination to reflection, is really due 
to transmission; in fact, the instances in which substances appear coloured by reflec- 
tion are comparatively rare. “ A chemist views a solution contained in a test-tube by 
transmission and then by reflection ; and seeing perhaps some perfectly different 
colour in the latter case, describes it as the colour of the solution by reflection, 
whereas it is merely the colour by transmission due to a greater thickness, the light 
having been reflected at the back or bottom of the test-tube, and so having twice 
passed through the solution. In other cases, the colour described as due to reflection 
really arises, from fluorescence ; and though the statement maybe true in the sense 
intended, it seems objectionable to apply the term r (flection to a process so utterly 
different. It is only in the cast' of metals, such as gold and copper, and of certain 
other substances, such as murexide, platinoeyanide of magnesium, &c., that colour is 
really seen as the result of reflection. 

“ When this takes place in the case of iion-metallio substances, they are found to be 
endowed, for the colours so reflected, with an intense opacity, comparable with that of 
metals; while for other parts of the spectrum, they may be comparatively transparent, 
and these parts they reflect with an energy comparable to that of a vitreous substance 
only. The variations of absorbing power in passing from one part of the spectrum to 
another, and consequently the variations in reflecting energy, are frequently much 
more considerable, and accordingly the colour by reflection is much richer than in the 
case of metals.” 

“ An oxcellent example of the intimate connection between metallic reflection and 
intense absorption is afforded by the crystals of permanganate of potassium. These 
crystals exhibit a green metallic reflection, and when crushed yield a powder of an 
intense purple colour by transmitted light. The colour is too intense for spectral 
analysis, but the solution has a similar colour, merely less intense as corresponds with 
its smaller concentration, and the analysis of the light transmitted by the solution 
presents no difficulty. The green is quickly absorbed, but when the solution is suffi- 
ciently dilute, five eminently characteristic bands of absorption are seen in that part 
of the spectrum. A sixth band comes out with a greater thickness or else strength of 
solution, but even the fifth is somewhat less strong than the others. When the light 
reflected from a crystal is analysed, four bright bands are seen standing out on a gene- 
rally luminous ground of inferior brightness. These bright bands oor respond in posi- 
tion with the principal dark bands in the light transmitted by the solution, and 
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therefore it may be presumed, by the crystals themselves. When the angle of inci* 
Jl a suitable value, and the reflected light is analysed by a Nichol’s prism, with 

r T principal plane in the plane of incidence, and then by a common prism, the 
J nectrum is reduced to these four bright bands. A fifth bright band could, perhaps, 
l einade out, in the case of a fine crystal with a fresh surface. Under the circum- 
stances described, the Nichol’s prism would extinguish the light reflected from a vitreous 
ubstanee and transmit much of that reflected from a metal. We see, therefore, that, 

* regards its relations to light, the crystallised body passes repeatedly from the con- 
dition of a vitreous to that of a metallic substance and back again, as the refrangibility 
of tho rays, in relation to which it is considered, is continuously increased by a small 

ttm <?!phe same relation between intense absorption and metallic reflection exists geno- 
mlly though it cannot be always studied by means of a solution. The platinocyanides, 
for example, yield colourless solutions, so tlmt the intense absorption which most of 
them exercise for certain parts of the spectrum must bo attributed to the mode in which 
tho molecules are built up in forming the crystals ; but by attending to the colour of 
the light transmitted by thin crystals, the law is found to be obeyed. Gold can only 
be detained, in solution, as gold by means of tho opaque solvent mercury ; but its 
colour by transmission may be studied in gold-leaf, or in a chemically deposited film, 
and is then found to be conformable to the law mentioned, the less refrangible colours, 
which are those which aro the more copiously reflected, being also those which arc the 

more intensely absorbed. , . 

“ W r hen a body endowed with the property of coloured reflection, such as perman- 
ganate of potassium, is dissolved, in consequence of the necessary dilution, the opacity 
of the medium ceases to be, for any part of the spectrum, of that intense kind which is 
necessary for qua si-metallic reflection ; and accordingly tho light reflected by the 

solution is colourless. . . . . 

“ In order that the colour duo to reflection should appear, it is necessary that the 
substance should have a certain amount of coherence. Thus indigo in the form of a 
fine loose powder is blue, even when viewed by. reflection. It would be erroneous, 
however, to describe the body as blue by reflection, if wo were speaking of the pro- 
ne ilies of the substance, and not the mere crude results of observation made under 
given circumstances. For though it is true that the light by which the blue colour is 
seen has undergone reflection (without which it would not have reached tho eye) it is 
notin rtjlt ction that the chromatic selection is made by virtue of which the powder 
appears blue, but during transmission. In fact it is only a small portion of tho light 
that is reflected at the outer irregular surface of the mass; the greater part penetrates 
a little way, and is reflected at various depths, and in passing through the particles, in 
going and returning, suffers absorption on the part of tho coloured substance. Were 
the substance intensely opaque for all the colours of tho spectrum, the powder would 
be not blue but black, as we see in the case of platinum- black. By burnishing, the 
powder is reduced to the state of a somewhat coherent mass, and it now begins to 
i‘xliibit the copper colour due to reflection. The internal reflections are at the same 
time greatly weakened, so that the part of the light which is reflected from beneath 
and undergoes absorption is much reduced. A pressed mass is not, however, an 
opt i cully homogeneous medium, so that tho colour by reflection obtained by bur- 
nishing cannot in general be quite pure. In the state of a fine crystalline powder, 
indigo exhibits a mixture of the copper colour due to reflection, and the blue colour 
due to transmission, though observed in the light reflected from tho mass as a whole ; 
while if the substance could be obtained in large crystals, the colour by reflection 
would be seen in perfection, and the colour by transmission would disappear, tho 
crystals being sensibly opaque.’’ (Stokes ) 


The Colours of Thin Plates. 

All transparent substances, when reduced to very thin films, exhibit bnlliant colours 
—a soap bubble affords a familiar instance of this; glass blown out into thin films 
exhibits similar phenomena -so, likewise, does a layer of oil spread oyer the surface 
of water. These effects, however, are best studied in the case of a thin film of air 
formed between two plates of glass. When two glass plates (of any sort of glass) are 
pressed hard together, a black spot is observed at the point of closest contact, and 
around it a series of fringes exhibiting remarkably beautiful colours : if the light be 
homogeneous, as that of a soda flame, the bands are alternately light and dark, lhe 
shape of tho bands depends upon the greater or lesser regularity of thickness in the 
film of air. If the glasses be so pressed at one point that the intervening space shad 
increase regularly dl round, the bands will be circular— otherwise they will have an 
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irregular shape — but in all cases the same thickness of the film of air gives, cxcteri* 
paribus, the same colour. Newton, to whom this experiment is due, made use of a 
r piano-con vex lens of small curvature, resting on a piece 

Fig. 671 • fat gloss: by this means he obtained a Aim of air 

B whose thickness was uniform at the same distance from 

x the point of contact, and the fringes were consequently 

\ circular. By this arrangement also, knowing the diameter 

\ of the lens, he was enabled to calculate the thickness of 
\ tho film of air by which any particular band was produced, 
i For, the radius of the ring AM {jig. 671) being found by 
j measurement, and the diameter of the lens All being also 
/ given, we have AB x AN (or MP)= AP 2 = AM 2 (nearly); 

_ _ AM 2 

therefore MP 


AB ’ 

whence also MP varies as AM 2 . 

Proceeding in this manner, Newton found that the thicknesses of the films of air by 
which the successive dark bands were formed varied in the ratio of the even numbers 


0, 2, 4, 6, . . . . 2 n; 

and those by which the light bands were produced in the numbers 

1, 3, 5, 7, . . . . 2n + 1 ; 

further, that the thickness of the film at the first bright band was G-millionths of an 
inch for red light, and about 4^-millionths for violet light. 

Now comparing these numbers with those afterwards found by Fresnel for the lengths 
of the waves (p. 600), it is found that the thickness of the film in question =* ^ of the 
length of a wave. 

The explanation of this phenomenon is as follows : — The bands are formed by the in- 
terference of rays reflected from the upper and under surfaces of the transparent Aim. 
Now at the centre, where the two surfaces are in almost absolute contact, we might 
expect the reflected rays to be in acordance — for they reach tho eye after travelling 
over equal paths. At the first bright band, the thickness of an undulation ; henco 
the ray reflected from the second surface, which lias to traverse this thickness twice, is 
behind the other by half an undulation, and might therefore be expected to destroy the 
other : but instead of that, the two assist each other and produce a bright band ; simi- 
larly with the other bright bands, which are produced by rays whose paths differ in 
, length by 

?» • • • ^2 ~ a wave-length. 

The dark bands aro formed by rays which differ by 

0, f, f, . . . of a wave-length, 

and which might theroforo be expected to bo in accordance. 

The explanation of this apparent anomaly is found, as pointed out by Young, in the 
manner ill which the direction of the vibrations of the ether-molecules is changed in 
passing from one medium to another. 

When a wave of light travels through a medium of uniform constitution, it never 
returns upon its path ; no reflection takes place,, but each particle, when thrown into a 
state of vibration, communicates its vibration next, and is itself brought to rest ; 

just as an ivory ball striking upon another of equal size, drives that ball forward, but 
is itself brougnt to rest. But if the vibration is communicated to a medium of dif- 
ferent constitution — as when a ray passes from air into glass, or from glass into air — 
this complete destruction of the vibration of the particles does not take place ; and the 
consequence is, that tho light is at the same time transmitted through the second 
medium, and reflected back into the*first. If the ray passes from a medium in which 
the ether is of greater density to one in which it is of less density, as from glass 
into air, the direction of vibration of the particles in the reflected ray remains un- 
changed, just as a large billiard ball striking a small one, drives the small one before 
it, and continues in its own course though with less velocity. In the contrary case, as 
when the ray passes from air to glass, that is to say, from ether of less density to 
fcther of greater density, the vibration of the particles in the reflected ray is re- 
versed — just as when a small biill strikes a large one, the large ball is driven forward 
but. the small one driven back upon its path. 

To apply this to the case of Newton’s rings. Tho bands are formed by the inter- 
ference of rays reflected from the first surface with rays reflected from the second 
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of the film of air. Now ia the second reflection, according to the principle 
iust explained, the vibration in the particles of the reflected ray is reversed, because 
the ray passes from air to glass, whereas at the first surface, where the ray passes 
from gift** 1° ur, no such reversal takes place. Consequently the two rays, when 
they meet, will have their vibrations in accordance, just when they would have been 
iu discordance if the reversal of vibration at the second surface had not taken place. 
Hence the dark bands are produced where the thickness of the film is 

0, 2d, id, 6d . . . 2nd , 
nnd the bright bands where the thickness is 

d t 3d, 6d, 7d . . . (2n+l)d 
d being = i of an undulation. 

lliat this is the true explanation of the phenomenon is proved by the fact that 
when a film of a transparent substance is placed between t wo other media, one of 
greater and the other of less refracting power than itself, the posit ions of t he light and 
dark bands are reversed. Thus when a film of oil of sassafras is placed between a plate 
of crown and a plate of flint glass, the central spot is white; and the thicknesses of the 
film follow the ratio of the odd numbers for the dark, and of the even numbers for the 
light bands. 

To return to the ordinary case of a film of air between glass plates. Fringes are 
produced by transmitted, as well as by reflected light, but the colours of any particular 
ring are exactly complementary of those of the same ring formed by reflect cd light ; 
and if the light be homogeneous, the central spot is light, and the hands follow the 
rovers© order of that which they do when formed by reflected light. These transmis- 
sion fringes Are formed by the interference of rays transmitted through the film, with 
other rays which pass through it after having undergone two reflections, one at the 
second surface, and tho other at the first ; and since both these reflections are made in 
passing from air to glass, the change of direction caused by the first reflection is again 
reversed by the second, and consequently the rays are in accordance or discordance, 
just when they would have been in ease of no reflection at all. 

Relation between the Indices of Refraction and the Thicknesses of the Films. — The 
thicknesses of thin plates of different substances, at the points where they form 
coloured bands of the same order, are to one another in the inverse ratio of their 
indices of refraction. 

Consider, for example, the bright fringe of the with order. If A, A are the wave- 
lengths of the homogeneous light in the two substances, and e , e their thicknesses, we 
have the equations, 

t = {2m + 1)£A; e =* (2 m + 1)JA' ; 


therefore e : e' «=* A : A' fi : /a. 

Newton discovered this law by experiment. It may l>e verified for air and water 
by introducing a drop of water between the two glass plates which produce the rings, 
the water then penetrating between the plates by capillarity, and expelling the air from 
part of the circular space around the point of contact. It will then be observed that 
the fourth ring in air coincides with tho fifth ring in water. Now tho thicknesses o^f 
the film at the several bright rings in air arc, e, 3c, 6e, 7e, 9c, &c., and in water e\ 
3e\ be\ 7e, 9e\ &c. ; the result just described gives, therefore, 7e — 9e ; whence 


which is tho index of refraction of water referred to air as unity. 
7 


This law furnishes an additional method of measuring the indices of refraction of 
liquids with respect to air ; for in the expression e \ e «=* n : n, the ratio of the thick- 
nesses may be replaced by that of the squares of the diameters of the rings of th^same 
order, whence the refractive index of the liquid may be calculated as a function of that 
of air. The method is not however very exact, in consequence of tho difficulty of 
measuring the diameters of the rings. 

We have hitherto supposed that the eye is placed directly over the centre of the rings, 
so that they are seen by perpendicular incidence. If the eye be moved from this 

C ition, so as to view the rings obliquely, these diameters increase as the incident rays 
ome more and more oblique ; that is to say, the thickness of the transparent film 
corresponding to a ring of given order increases with the obliauity of the rays ; in other 
respects, the diameters of the rings follow the same laws as when the incidence is per- 
pendicular. Newton found by experiment, that the thickness e f of a ring of given order 
seen by perpendicular incidence, is connected with the thickness e , for tho same ring 
viewed at the incidence * — supposing the thin film to be formed of tho samo substance 
as the m e dium which surrounds the apparatus— -by the equation, e *» d oos i, or € *» 
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The diameters of the rings, like the breadths of all other interference-Hingee, m 
greatest in red, and least in violet light ; hence in white light a senes of colouredring, 
u produced not separated by any absolutely dark spaces. , . 

The following table exhibits the succession of colours produced by thin turns or plates, 
and the corresponding thicknesses of three different media : 


Newton's Table of the Colours of Thin Plates in Air , Water , and Glass. 


Succession of Spectra or 
Orders of Colours. 

Colours produced at the thicknesses in the 
last three columns. 

Thicknesses In millionths 
of an inch. 

Reflected. 

Transmitted. 


Water. 

Glass. 

First Spectrum or 
Order of Colours 

Very black 
Black 

Beginning of black 
Blue 

White 

Yellow 

Orange 

lied 

White 

Yellowish-red 

Black 

Violet 

Blue 

5* 

1 

8 

9 

3 

if 

4 

6 

u 16 

K 

a 1 

ii 

4 ° 

<§ 

4 

Second Spectrum or 
Order of Colours 

Violet 

Indigo 

Blue 

Green 

Yellow 

Orange 

Bright red 
Scarlet 

White 

Yellow 

lied 

Violet 

Blue 

n$ 

12| 

14 

15} 

IP 

19§ 

3 ff 

H 

10 

nf 

12? 

13 

13} 

14} 

8£ 

9 

91 

10 \ 

“J 

US 

12:4 

Third Spectrum or 
Order of Colours 

Purple 

Indigo 

Blue 

Green 

Yellow 

lied 

Bluisli-rcd 

Green 

Yellow 

Bed 

Bluish-green 

21 

22 P 

23| 

2 4 

27$ 

29 

32 

15} 

a 

Sf 

2l| 

24 

Iff 

iff 

17$ 

l*t 

204 

Fourth Spectrum or 
Order of Colours 

Bluish-green 

Green 

Yellowish-green 

Bed 

Bed 

Bluish-green 

24 

35f 

36 

40$ 

264 

26$ 

27 

30$ 

22 

22 J 

23* 

26 

Fifth Spectrum or 
Order of Colours 

Greenish-bluo 

lied 

Bed 

46 

62$ 

34} 

39} 

39} 

34 

Sixth Spectrum or 
Order of Colours 

Greenish-blue 

Bed 

tf 

684 

65 

44 

48} 

38 

42 

Seventh Spectrum 
or Order of Colours 

Greenish-blue 

Beddish-white 

-S.-- 

71 

71 

83} 

67| 

45 t 

49} 


Beyond these limits, the colours become mixed to such an extent as to produce 
white light. If, however, the rings be viewed through a prism, so as to separate the 
different coloured rays, a much larger number of them will come into view. 

The transmitted rings are much fainter than the reflected rings, because one of the 
beams of light which contribute to their formation has been twice reflected, and <fcch 
reflection is attended with a considerable loss of light. 

We have been particular in describing the colours of 4 Newton’s rings,’ because they 
are generally used as a standard of comparison for all coloured phenomena depending 
upon interference. ^ 

Colours of Thlok Ylutes. — This term is applied to certain systems of eolouredrings 
or fringes, produced by interference at the surfaces of transparent media, too thick to 
exhibit the peculiar phenomena known as the colours of thin plates. Newton, having 
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OD a concave mirror of silvered glass a thin beam of solar light passing into 
f dark room through a small aperture situated at the centre of curvature of the 
*inor perceived round the aperture a series of coloured rings having the violet 
turned’ inwards, as in the colours of thin plates. With homogeneous light, the rings 
ewr alternately bright and dark. Newton found by measurement— 1. That the 
diameters of the rings were regulated by the same laws as those of the rings formed by 
transmission in thin plates. 2. When different kinds of homogeneous light are em- 
nloved the ratios of the diameters are the same as in thin plates. 8. The diameters of 
the rings formed by mirrors of equal radius and different thickness, are inversely as 
the square roots of the thicknesses. 

* The formation of these rings depends, however, on a condition which Newton did 
not observe viz., that the upper surface of the mirror must not. be quite bright. If 
this surface is well polished and carefully cleansed, the rings are scarcely visible ; 
whefeas if the surface is made dull by breathing or throwing dust upon it, or by 
covering it with a thin coat of varnish, or of water whitened with a little milk, whichis 
then allowed to dry, they come out with great brightness. If, on the other hand, the 
silvering be removed from the back of the mirror, the rings liecome very faint, and 
with a metallic mirror none at all are produced. Those experiments show that the 
rings are produced by the interference of rays reflected from the second surface of the 
mim>r with diffused light reflected from the first surface, which has been dulled. 
This is rendered further evident by an experiment of the Due do Chaulnes, who, instead 
of a glass mirror, used a metallic mirror, before which he placed a piece of plate glass 
having its surface somewhat tarnished, or a plate of mica, either of which fulfilled the 
same purpose as the anterior surface of the glass mirror. 

Pouillot, instead of a transparent plate, places in front of the mirror a. screen pierced 
with an aperture of any form whatever, but small onough to cause both the incident 
ruvs and those reflected from the mirror to come in contact with its edges. Ajstraight- 
edged screen, placed in front of the mirror, is even sufficient to produce the rings ; but 

in that case only part of their circumference is seen. . 

The rings formed by diffused light may be viewed directly without being projected 
on a screen Stokes places a candle in the centre of curvature of the mirror with 
tarnished surface, so that the image of the candle may coincide with it, and places the 
eve at some distance beyond the centre ; beautiful rings are then seen formed in the 
air Qu6telet places a candle near the eye, at about a yard from a plane mirror with 
tarnished surface, so that the candle and its image may seem 1o coincide ; ho thus ob- 
tains portions of coloured rings round tlm imago of the candle. Horse h el receives a 
beam of solar light on a concave spherical metallic mirror, and intercepts the reflected 
beam by a screen ; by then forming a cloud of dust in the air in front of the mirror, 
he obtains coloured rings of considerable brightness. 

There are several other ways in which coloured rings and fringes nmy bo formed by 
diffused light, but wo must refer, for the description of these and for the more detailed 
explanation of the phenomena, to works specially devoted to light. (See Daguin, 
TraiU de Physique, iv. 463.) 


Composition of Colours. 

Colours are either simple or compound. The simple colours are those of a pure 
spectrum, formed either by refraction through a prism, or by diffraction through a 
grating (p. 606); and compound colours are produced by the mixture of two or more of 
these simple colours, as in the instance of Newton’s rings, or the fru.gi-H proil.iced by 
diffraction. Compound colours maybe similar to the pure colours of tin- spectrum 
but are rarely identical with them in the impression which they produce on the visual 
organs. The resultant tint, produced by tlm mixture or superposition of any number 
of simple colours, may be investigated by one of t he following met hods : • 

1. By mixing coloured substances in fine powder, Jins method however, yields 

only dull and deadened colours, in consequence of the largo quantity of light absorbed ; 
moreover, the rays reflected from the surfaces of the two substances are mixed with 
rays which have penetrated to a certain depth, and have been them reflected so that 
the tint which would be produced by the mixture of the rays directly reflected from 
the- surface is modified by colours arising from absorption. ..... 

2. By covering with black paper certain portions of a revolving disc, tinted with the 

colours of the spectrum (p. 619 ), the colour perceived being that which is produced hy 
the composition of the remaining spectral colours. ...... 

3. Bv Unting two pieces of paper with the colours whoso composition is to be 
studied, laying them on a black table, setting up between them a plate of unsilvered 
glut, and placing the eye so that the image of one of them seen by inflection may 
ttrincide with that of the other seen directly through the glass (ttslmliolU). 

Vo u in. T T 
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This arid the second method are preferable to the first, the only source of error affect- 
ing them being the deviation of the artificial colours from the pure tints of the spectrum. 
The only way of attaining perfectly accurate results is to operate directly on the rays 
of the spectrum itself, as in the following methods : 

4. By -intercepting some of the coloured rays as they emerge from the prism, and 
bringing the rest to a focus by an achromatic lens. 

6, By receiving the rays of the spectrum on a row of plane mirrors, capable of being 
adjusted so as to reflect any required rays to the same point on a screen. 

6. Helmholtz* 8 method (Ann. Ch. Phys. [3] xxxvi. 600), This method, which is 
the most exact of all, consists in viewing, through a vertical prism, two narrow slits, ah , 

ah , forming a right angle (fig. 672), and each in- 
Fig. 672. dined 46° to the edge of the prism. The prism 

being placed about four yards from the slits, 
and in the position of least deviation, /wo 
spectra r v, r v\ are seen, in which, with the 
aid of a telescope, the principal fixed lines may 
be distinguished parallel to the slits. These two 
spectra are partly superposed, and the dimensions 
of the slits must be such that each coloured band oo of one spectrum shall cross all 
the coloured bands of the other. 

To find the effect produced by the combination of two colours, the telescope is 
directed so that the intersection of its cross-wires is projected on the combination to 
be examined, and the eye is placed behind a small hole in a screen, at 60 or 60 centi- 
metres from the telescope, so that it may perceive only a very small space around the 
point of intersection. The compound tint required may thus be examined without 
being affectod by the neighbouring colours. By then covering up the two slits succes- 
sively, the simple colours which have produced the combination may be seen. 

In order to vary the relative quantities of light in the component colours, the prism 
was inclined in such a manner as to bring it more nearly parallel with one of the slits. 
The spectrum of this slit was thereby brought nearer to the rectangular form, and its 
colours were more condensed, while the contrary effect was produced upon those of 
the other. By adding a third slit, the effect of combining three colours may bo 
observed. By these means Helmholtz has obtained the following results: 

1. The compound tint formed by the mixture of two simple colours is sometimes 
identical with a simple colour of the spectrum, but in many cases it is different from 
them all: for example, the greenish-yellow and greenish -blue of the spectrum form a 
green much darker than that of the spectrum. This last green, as well as the violet 
and red of the spectrum, cannot be imitated exactly by the mixture of any other 
colours. 2. The colour produced by the union of three simple colours is different, 
from that which would be obtained by combining one of them with a simple colour of 
the spectrum, similur to that which results from the combination of the other two. 
For instance, the red and bluish-green of the spectrum form yellow ; but red, with the 
bluish-green produced by the union of green and indigo, forms white. 3. There are 
many combinations of three colours which form white. 4. With three colours only it 
is not possible to obtain satisfactory imitations of all the colours of the spectrum, the 
number of simple colours required for the purpose being at least five, viz., red, yellow, 
green, blue , and violet. Hence, according to Helmholtz, the theory of three <primary 
colours (p. 640) does not rest on a satisfactory foundation ; and if it is possible to 
obtain something like an imitation of all the spectral colours by the mixture of three 
coloured powders, the result must be attributed partly to the want of brightness in 
the colours used, partly to the circumstance thsl the resulting compound colours have 
not generally been «lirectly compared with the cdtours of the spectrum, from which, in 
most instances, they differ considerably. The three colours hitherto adopted, viz., red, 
blue , and yellow, are not even the three best adapted to the purpose ; better results are 
obtained with red, green, and violet, but even then the imitations are far from perfect. 
For the oontrary results obtained by Maxwell, from which it appears that all colours 
whatever may be produced by the combination of three primary colours, see page 660. 

Complementary colours. — This name was applied by Newton to any two colours 
which by their mixture produce white light ; such are green and red ; orange and blue ; 
yellow and violet. 

Every colour, whether simple or compound, has its complementary colour ; moreover, 
every colour has an infinity of complementary colours, inasmuch as if either of the 
colours be mixed with white in any proportion, the two will still form white by their 
union. 

Helmholtz has made some remarkable experiments on complementary colours by 
throwing the pure spectrum, formed by a prism and achromatic lens, on a screen 
pierced with two narrow slits parallel to the edges of the prism, and capable of being 
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brought dose together at pleasure. The two homogeneous coloured pencils thus" 
obtained are received on a lens which condenses and brings them to a single focus on 
a white screen placed at a suitable distance. By this mode of experimenting; Helm- 
holtz has showu that there exists an infinity of binary groups of colours, which, when 
united in due proportion, produce a perfect white. With the exception of pure green, 
every simple colour of the spectrum is complementary of another simple colour. 

By varying the breadth of one of the slits, the relative intensities of the two 
coloured beams could be altered, and it was thus found that the proportions between 
the intensities of two coloured beams which produce white light by their combination, 
sometimes varies with the intensity of the incident light. This is shown by the follow- 
ing numbers : 

Ratio of Intensity of the second 
colour to the first 


• Group of complementary colours. 

Violet — greenish-yellow 
Indigo — yellow 
Blue — orange 
Greenish-blue — red 


Bright light. Faint light. 

10 5 

4 3 

1 1 

0*44 0-44 


The same mode of experimenting led to the unexpected conclusion that the mixture 
of the blue and yellow rays of the spectrum produces white, whereas the mixture of 
blue and yellow liquids or powders always produces green. This result is confirmed by 
painting two paper discs, one with chromate of lead or gamboge, the othor with cobalt-, 
blue, and making the reflected image of the one coincide with 
or overlap the direct image of the other, as in method 3 
(p. 648). The compound image thus seen is white. With 
the yellows above mentioned and artificial ultramarine, 
the white has a slight reddish tinge ; with Prussian-blue, 
a greenish tinge. The production of green by the mixture 
of blue and yellow powders or liquids, arises from partial 
decomposition of the light by absorption, as explained at 
p. 647. 

Newton's construction for the calculation of composite 
colours. — The following geometrical construction was 
given by Newton for calculating approximately the result 
of mixing a number of simple colours. The circum- 
ference of a circle {fig. 673) is divided into soven parts corresponding with the seven 
principal colours of the spectrum, and proportional to the numbers A, J- (l , T J n , }. 
A simple calculation then gives the following lengths of the arcs belonging to the 
several colours : 


Red 

. 

. 60° 

45' 

34" 

Blue 


. 54° 

4 l’ 

3" 

Orange . 


. 34 

10 

38 

Indigo 

. 

. 34 

10 

38 

Yellow . 

. 

. 54 

41 

1 

Violet 

. 

. 60 

45 

34 

Green 

- 

. 60 

45 

3 







The centres of gravity of each of thesp arcs r, o, y, g , b , t, v, are then marked ; and 
to obtain the resultant of the mixture of several colours, forces proportional to the 
quantities of the colours to be mixed are supposed to be applied to the centres of 
gravity of the corresponding arcs, and the point of application of the resultant of these 
forces is determined. The colour sought will bo that of the arc of the sector in which 
this point of application falls. Thus, to find the result of mixing red, blue, and 
yellow rays whose intensities are to one another as the numbers n r , no, n v , we must 
seek the point of application of the resultant of three parallel forces projH»rtional to , 
and v„ applied at the points r, b, y. If this point falls at n, the mixture .will 
be yellow, inclining to green, because the point n is nearer to the limit of the green 
than to that of the orange. The nearer the point n is to the centre C, the more will 
the resulting colour be mixed with white; if it coincides exactly with C, the mixture 
will be white, as, for example, when the seven colours are combined in quantities pro- 
portional to the arcs which represent them, the resultant being then applied at the 
centre of gravity C of the entire circumference. 

It follows from Newton’s rule : 1. That two simple colours following one another on 
the circumference produce by their mixture an intermediate tint ; an exception must 
however be made with regard to red and violet, which do not follow one another in 
the spectrum. 2. Two colours separated by a third, yield that third by their mixture; 
thus red and yellow yield orange, orange and green yield yellow, &c. Indigo and 
fed, which are nearly at the opposite extremities of the spectrum, yield a reddish 
colour different from violet t -■ 

Biot has reduced Newton’s method to a general formula. Bor this purpose he 

T T 2 


Fig . 673. 
o 
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calculates the co-ordinates of the centres of gravity of the arcs, taking as the axis of 
abscissas the straight line passing through the point of separation of the arcs corre- 
sponding to the violet and red, and through the centre, taken as the origin of co- 
ordinate ; he then multiples each co-ordinate by the number of rays of the correspond 
ing colour which is to enter into the compound, divides the sum of the products by the 
sum of the rays which are to be compounded, and thus obtains the co-ordinates of the 
point of application of the resultant. Designating the number of rays of each colour 
by the initial letter of its name, these co-ordinates are : 

0-82284 (r + t;) + 0-207398 (o + a) - 0-51 3992 (y + 6)- 0-353796 v 
* r + o + y + g + b + i+ v. 

0-48236 (r - v) + 0-963163 (o - t) + 0 813736 (y- b) 

" r + o+y+g + b + i + v. 

These co-ordinates give the distance D, of the point of application of the resultant 
from the centre of the circle, as well as the angle a, which the line joining these 
points makes with the axis of x : for tan a •= Y : X ; and Y« D sin a, or X =» D cos a. 

The value of a shows in which particular sector the point of application falls, and the 
ratio D : 1 — D shows the proportion of simple light and white light composing the 
resulting colour. 

The preceding method was given by Newton as an empirical rule for representing 
the results which he obtained by forming compound colours containing given proportions 
of simple light at the focus of a lens. It cannot be regarded as more than a rough 
approximation, and is, indeed, less exact than Newton supposed : we have seen, for 
example, that the mixture of blue and yellow rays may produce white instead of green. 

A more satisfactory method of calculating the composition of colours has been given 
by Maxwell (PhiL Mag. [4] xiv. 40; Proc. Roy. Soc. x. 404), from whose observa- 
tions it appears that the colours of the spectrum, as laid down according to Newton’s 
method from actual observation, lie, not in the circumference of a circle, but in the 
periphery of a triangle, showing that all the colours of the spectrum may be chromati- 
cally represented by three, which form the angles of the triangle. The wave-lengths 
and positions in the spectrum of these three primary colours are : 


Wave-lengths In millionths of an inch. 

Scarlet . 2328 — about one-third from line C to D. 

Green . 1914 — about one-quarter from E to F. 

Blue . . 1717 — about half-way from F to G. 

This form of the diagram of colour, as perceived by the human eye, is in accordance 
with Young’s theory of three primary sensations of colour, which are excited in different 
proportions, when different kinds of light enter the eye. According to this theory, the 
threefold character of colour, as perceived by us, is due, not to a threefold composition 
of light, but to the constitution of the visual apparatus, which renders it capable of 
being affected in three different ways, the relative amount of each sensation being 
determined by the nature of the incident light. If we could exhibit three colours 
corresponding to the three primary sensations, each colour exciting one and one only 
of these sensations, then, since all other colours whatever must excite more than one 
primary sensation, they must find their places in Newton’s diagram within the triangle 
of which the three primary colours form the angles. 

If this theory be true, the complete diagram of all colour, as perceived by the 
human eye, will have the form of a triangle. The colours corresponding with the pure 
rays of the spectrum must all lie within-this triangle, and all colours in nature being 
mixtures of these, must lie within the line formfH by the spectrum. If, therefore, any 
colours correspond with the three primary sensaittOns, they will be found at the angles 
of the triangle, and all the others will be within the triangle. 

The other colours of the spectrum, though excited by undecompounded light, are 
compound colours : because the light, though simple, has the power of exciting two or 
more colour-sensations in different proportions — as, for instance, a blue-green ray, 
though not compounded of the blue rays and green rays, produces a sensation com- 
pounded of those of blue and green. 

The three colours found by experiment to form the three angles of the triangle, and 
Newton’s diagram, may correspond with the three primary sensations. 

A different geometrical representation of the relations of colour may be thus de- 
scribed: — Take any point not in the plane of Newton’s diagram; draw a line from 
this point as origin through the point representing a given colour in the plane, and 
produce it, so that the length of the line may be to the part cut off by the plane, as the 
intensity of any given colour is to that of the corresponding point in Newton’s 
diagram-. In this way, any colour may be represented by a line drawn from the origin, 
whose direction indicates the quality of the colour, and whose length depends on 
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it* intensity. The resultant of two colours is represented by the diagonal of the 
parallelogram formed on the lines representing the colours. 

^Taking three lines from the origin through the points of the diagram corresponding 
with the three primaries as axes of co-ordinates, any colour may be expressea as the 
resultant of definite quantities of each of the three primaries, ana the three elements 
of colour will then be represented by three dimensions of space. 

The method of observation by which the preceding conclusions are established con- 
sists in selecting three colours of the spectrum, and mixing them in such proportions 
as to be identical in colour and brightness with a constant. white light. Three standard 
colours being assumed, and the quantity of each required to produce the given white 
having been found, the quantities of two of these, combined with a fourth colour which 
will produce the given white, are then determined. A relation is thus obtained betwoen 
the three standards and the fourth colour, whence its position in Newton’s diagram, 
with reference to the three standards, may be laid down. 

The instrument employed in the experiment consists of a dark chamlwr about 5 feet 
long, 9 inches broad, and 4 deep, joined to another 2 feet long, at an angle of about 
100°. Light admitted by a narrow slit sit the end of the sliorter chamber, fulls on a 
lens, and is refracted through two prisms in succession, so as to form a pure spectrum 
at the end of the long chamber. Here there is placed an apparatus consisting of three 
movable slits, which can be altered in breadth jind position, the position being read off 
on a graduated scale, and the breadth ascertained by inserting a fine wedge into the 
slit till it touches both ends. 

When white light is admitted at the shorter end, light of three different colours is 
refracted to the three slits. When white light is admitted at. the three slits, light of 
theso three kinds in combination is seen by an eye placed at the slit in the shorter arm 
of tin* instrument. The white light employed is that of a sheet of white paper placed on a 
board and illuminated by the sun’s light in the open air, the instrument being in a 
room and the light moderated where the observer sits. 

Another portion of the same white light goes down a separate compartment of the 
instrument, and is reflected at a surface of blackened glass, so jim to be seen by the 
observer in immediate contact with the compound light which enters the slits and is re- 
fracted by the prisms. 

Each experiment consists in altering the breadth of the slits till the two lights seen 
bv the observer agree both in colour and in brightness. In this way the relative 
places of sixteen kinds of light were found by two observers, both of whom agreed in 
finding the positions of the colours to lie very clone to the two sides of a triangle, the 
extreme colours of the spectrum forming doubtful fragments of the third side. 

The chromatic relations between these sixteen colours being thus ascertained, the 
m xt step is to ascertain the positions of these colours with respect to Fraunhofer’s lines. 
This is done by admitting light into the shorter arm of the instrument through the 
slit which forms the eye-hole in the former experiments. A pure spectrum is then 
seen at the other end, and the position of the fixed lines is read off on the divided 
scale. In order to determine the wave-lengths of each kind of light, the incident light 
was first reflected from a stratum of air too thick to exhibit the colours of Newton's 
rings. The spectrum then exhibited a series of dark bands at intervals increasing 
from the red to the violet. The wave-lengths corresponding with these form a series 
of submultiples of the retardation ; and by counting the bands between two of the 
fixed lines, whose wave-lengths have been determined by Babinet (p. 607), the wave- 
lengths corresponding with all the bands may lx* calculated ; and as there is a great 
number of bands, the wave-lengths become known at a great many different points. In 
this way, the wave-lengths of the colours compared may be ascertained, and the, 
results obtained by one observer rendered comparable wit h t hose of another. 

Another instrument, invented by Maxwell for comparing combinations of colour, is 
the “ colour-top,” which is aspinning-top, having its flat upper surface divided into 
two concentric circles, each circle being further divided into sectors, which can W 
covered with different coloured papers. When the fop is spun, the colours in each of 
the circles produce mixed tints, and the proportions of those in the outer circle are 
varied till the mixed tint matches that produced by a given combination in the inner 
wrde, the proportions being measured by a graduation on the circumference. 

Nomenclature of Colour*. — The terms employed to designate different shades of 
colour are for the most part very indefinite, being sometimes borrowed from natural, 
objects or substances, sometimes from the names of inventors of preparations which 
exhibit the particular colour, and from various other sources more or less fanciful. 
The colours of minerals are usually distinguished by comparison with familiar natural, 
objects which they more or less resemble: thus blues are specially distinguished as 
azure, violet, lavender, smalt, indigo- and sky-blue ; greens as verdigris, celandine, 
*oountain, leek, emerald, apple, grass, asparagus, olive, oil, and siskin green; yellow* 
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as sulphur, straw, wax, honey, lemon, ochre, wine, cream, and orange-yellow; reds « 
aurora or roseate, hyacinth, brick, scarlet, blood, flesh, carmine, rose, crimson, peach- 
blossom, columbine, and cherry-red ; browns as clove, hair, broccoli, pinchbeck, wood, 
and liver-brown ; greys as pearl, smoke, and ash-grey. 

To obtain greater accuracy in the nomenclature of colours, Chevreul has devised the 
following scheme ( De la loi du contraste simultane des couleurs, p. 87) : In the first 
place he assigns definite meanings to the terms tint ( nuance ), and shade, or tone 
(ton), denoting by tint the result of mixing pure colours in various proportions, and by 
shade or tone the result of mixing any tint or simple colour with black or white, so 
that each tint is susceptible of an infinite gradation of shades. A tint is weakened or 
lowered by the addition of white, strengthened or heightened by addition of black. 
Colours mixed with black are said by painters to be deadened ( rabattues ), they then 
reflect less light; in fact, if a coloured surface be less and less illuminated, it becomes 
continually darker and ultimately black. This effect is experienced at the dose of 
day, all the colours then becoming darker and turning towards black. 

ChcvrcuCs Chromatic Circle. — Chevreul has formed a table of 72 tints passing gra- 
dually one into the other, and each modified by 20 shades, some produced by admixture of 
white in various proportions, the rest by admixture of black. Imagino a circle divided into 
72 equal sectors. Three equidistant sectors are coloured respectively with red , yellow, 
and blue, and at equal distances from these three colours are placed those which result from 
their mixture two by two, viz. orange between red and yellow, green between yellow 
and blue, violet between rod and blue ; then between these six tints are placed the in- 
termediate tints, and so on till the whole 72 are complete. Each of these 72 sectors 
is then divided into quadrangular segments by 20 concentric circles, and in the seg- 
ments thus formed are placed the shades belonging to each colour. At the centre is a 
small white circle, starting from which each tint becomes gradually deeper by the con- 
tinual abstraction of white, till tho pure tint is reached, and beyond this the shade is 
continually deepened by addition of black till the circumferenco is reached, which is 
quite black. There is therefore a circular series of segments containing the pure tints 
with their maximum of intensity, and starting from these, the shades in each sector 
become weaker towards the centre, stronger towards the circumference. The series of 
colours contained in any one sector forms a gamut of shades of the corresponding tint. 
Each circle of segments contains the 72 tints corresponding with the shade of tliat 
circle* We have thus a diagram of 1440 colours forming types near enough to one 
another for the requirements of the arts. It would be useful also to add the gamut of 
white, that is to say, the series of grey shades from white to black. Such a diagram 
constructed with permanent colours, on painted porcelain for example, is capable of 
rendering important service in the arts, by affording a standard nomenclature of 
colours, which may be designated by the numbers of tho sector and the circumference in 
which they occur. 

Lecocq arranges the coloured segments in a different way. He divides the surface 
of a sphere into quadrangular spaces by moans of meridians and parallels. The pure 
colour* are placed at the equator, and each of them becomes darker along the course of 
its meridian towards one pole, at which there is a black spot, and lighter towards the 
other pole, where there is a white spot. It would be more convenient to use a cylinder, 
having one of its bases bordered with black, the other with white, and the pure colours 
arranged round a zone in the middle. The cylinder might also be developed on a 
plahe, and the whole series of tints and shades thus presented to the eye at once. By 
repeating at one end of the diagram thus formed, some of the gamuts from the op- 
posite end, each gamut will be placed next to tfiose which differ from it the least. 
In this form the diagram is more easily contracted, especially if it is to be made in 
porcelain* 

^Polarisation land double Jtefraction. 

When a beam of light proceeding from a self-luminous source traverses a homo- 
geneous medium without encountering any obstacle, it exhibits the same properties on 
all sides, — oh the north, south, east, and west, for example, if we suppose it to be ver- 
tical* The light composing such a beam is culled ordinary or natural light. But after 
the light has met with any obstacle, and has consequently undergone reflection or 
^fraction} it exhibits, for the most part, different properties oh different sides. If, for 
example, the beam of light bp received obliqu* ly on a glass mirror, and the mirror be 
turned round it, taking care not to alter the angle of incidence, the intensity of the 
reflected beam will vaiy according to the side of it which is presented to the mirror. 
4* ray thus modified is said to be polarised. The properties of polarised rays all 
relate to changes of intensity or modifications of colour, and never affect the direction 
in which they are reflected or refracted. 

Light may be polarised in either of the following ways ; — 
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t. By Ejection from the surface of transparent media . — Suppose a ray of light AC 
{Jig. 674) to fall upon a plate of glass (not silvered, but blackened at the lower surface) 

| Fig. 674. 
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at C, making an angle of 54^° with the normal TO, or 35 with the reflecting surface. 
This ray will be reflected in the direction CD, making an angle VCD = AIT, and in 
tho same plane as AC anil CP. Now suppose the reflected ray to fall upon a second 
surface of glass at the same angle of 54|° with the norma). If, then, the second 
mirror he so placed, that its plane of reflection is parallel to the plane of reflection from 
the first surface (see left-hand figure), then the ray will he reflected from the second 
surface in the direction DE, just as if it proceeded directly from a luminous source, and 
had not undergone previous reflection ; lmt. if the second mirror be so adjusted that its 
plane of reflection is perpendicular to that of the first (see right-hand figure), then tho 
ray CD will not be reflected from it at all, or at least, the intensity of the reflected beam 
will be comparatively small. In intermediate posit ions, still at the same angle of inci- 
dence, the ray CD will be partially reflected, the quantity of light in tho reflected ray 
DE being greater as the planes of reflection of the two mirrors arc more nearly parallel. 

The ray, after reflection from glass at an angle of 51 .1°, appears then to exhibit dif- 
ferent. properties, according to the direction in which it is a second time reflected, being 
in fact reflexible in different degrees at different azimuths ; it is therefore polarised. 

The plane in which a polarised ray is most easily reflected is called tho plane of 
polarisation ; it coincides with the plane of reflection (or of incidence). 

The angle 54$° is called the polarising angle 
for glass. Eor every medium there is a particular * l V- 

polarising angle, the magnitude of which depends p 

upon >t,he refracting power of the medium, according ^ 

to the following law, discovered by Brewster: The j 

polarising angle ACP (Jig. 675) is that for which the | 

refracted ray CD is perpendicular to the reflected \ 

ray CB. Now let p denote the index of refraction, „ * 

then p == ; but tho angle ACT = BCP j\ 

sin QCD I \ 

[ «=» 6] ; and since BO is perpendicular to CD, and* j \ 

QC to CN, angle QCD =» BON = 90° — 0; therefore, \ \ 

P •= ~ =• tan 6 ; that is to say, the polarising v 

angle is the angle whose tangent is equal to the index of refraction. 

The following table exhibits the polarising angles of a few transparent substances, 
chiefly according to the observations of Biot and Arago : — 


Name of substance. 

Polarising angle. 

Name of substance. 

Polarising angle. 

Measured 

frnm 

normal. 

Measured 

Iroin 

surface. 

Measured 

from 

normal. 

Measured 

from 

surface. 

Eluor spar 

54° 50' 

36° 10' 

Topaz 

68° 40' 

31° 20' 

Water . 

52 45 

37 15 

Iceland spar 

58 23 

31 37 

Glass 

54 35 

35 25 

Spinel ruby 

*60 16 

29 44 

Obsidian 

56 03 

33 57 

Zircon 

*63 08 

26 62 

f^elenite . 

66 28 

33 32 

Sulphur (native) 

*64 10 

25 60 

| Amber . 

66 35 

33 25 

Antimony-glass 

*64 46 

66 15 

Rock-crystal . 

67 22 

33 38 

Chromate of lead 

*67 42 

22 18 

! Sulphate of barium 

58 0 

32 0 

Diamond . 

*68 oa 

21 68 
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There are but few substances capable of completely polarising light by reflection, and 
generally speaking the polarising power is least in those media which have the largest 
indices of refraction. According to Brewster, it is only those media whose refractive 
index is less than 1*7, which are capable of polarising completely ; such are those not 
marked with an asterisk in the preceding table. But even when the index is less than 
1*7, the polarisation is never complete, if the beam of light is bright. In general, sub. 
stances which reflect but little light, polarise a large proportion of it. Metals,’ with 
clean and polished surface, polarise scarcely at all. In all cases, however, Brewster's 
law applies to the incidence at which the reflected beam contains the largest proportion 
of polarised light. 

As the several coloured rays have different indices of refraction, it is evident that 
only homogeneous light can be completely polarised by reflection. Solar light, or ordi- 
nary gas or candle light, can never be made to disappear completely in the manner 
above described. In fact, with media of high dispersive power, such as oil of oftsia 
diamond, chromate of lead, or specular iron, all the colours of the spoctruni may be 
successively brought into view by slightly altering the inclination of the reflecting 
surface in the vicinity of the polarising angle. With glass^ and water, in which the 
angles of polarisation for the extreme rays of the spectrum do not differ by more than 
15' or 20', the colours are less perceptible; nevertheless the light never disappears 
entirely, and always exhibits a slight coloration after the second reflection. 

Light, is more or less polarised by reflection at all angles of incidence, excepting 
perpendicular incidence, the proportion of polarised light in the reflected beam being 
greater as the angle of incidence differs less from the polarising angle determined by 
Brewster’s law. 

If a ray, partially polarised by reflection at any angle differing from the polarising 
angle, be again reflected from the same medium at the same angle, the proportion of 
polarised light, in it will be increased; and by a number of successive reflections, the 
ray may bo brought indefinitely near t<o the state of complete polarisation, the number 
of reflections required for the purpose being less as the angle of reflection differs less 
from the polarising angle. 

2. By ordinary Infraction. — When light passes from ono medium to another, the re- 
fracted ray is polarised as well as the reflected ray, its plane of polarisation being 
perpendicular to the plane of refraction, or of incidence, and, therefore, also to the 
] daito of polarisation of the reflected ray. Tho refracted ray will therefore be reflected 
from a surface of glass at an angle of 54A°, just under the circumstances in which the 
ray polarised by reflection would not. Light, however, is never completely polarised 
by one refraction ; but the proportion of polarised light in the refracted beam is greater 
as the angle of incidence is nearer to the polarising angle; and by successive refrac- 
tions through a number of surfaces of glass, or other medium, it may be brought 
within any assigned limit of complete polarisation. A bundle of thin plates of glass 
or mica, bound together in a frame, forms a very convenient apparatus for polarising 
light, whether by refraction or by reflection. 

3. lly Double Refraction. — All crystalline bodies not belonging to the regular 
system, possess the power of double refraction; that is to say, a ray of light 
entering such a medium is split up into two rays of equal intensity, which traverse tho 
crystal in different directions. In all such media, however, there are either one or two 
directions in which double refraction does not take place, and these lines are called 
the optic axes of the crystal. Transparent ealespar, or Iceland spar, which crystallises 
in rhombohedrons, and exhibits double refraction mOro distinctly than any other sub- 
stance, is a crystal with one optic axis, the direction of that axis being parallel to the 
lino joining the obtuse summits of the rhomb**.. A ray traversing the crystal in a 
direction parallel to this axis is not divided into-two ; but in all other directions tho 
ray is doubly refracted ; and the two rays into which it is thus divided are both 
completely polarised, the plane of polarisation of the one being parallel to the principal 
section of the crystal, that is to say, a plane passing through the optic axis and the 
direction in which the ray traverses the crystal ; the other in a plane at right angles 
to that section. The ray which is polarised in the principal section follows the ordinary 
laws of refraction, remaining always in the plane of incidence, and having for all inci- 
cidences a constant index of refraction ; but the ray polarised perpendicularly to the 
principal section follows different laws of refraction, its direction not being confined 
within the plane of incidence, unless that plane coincides with or is perpendicular to 
the principal section, and its index of refraction, excepting in the last-mentioned case, 
varying continually with the angle of incidence. The former of these rays is called 
the ordinary , the latter the extraordinary ray. The mode of refraction of the latter 
will be more fully explained hereafter. 

When these two oppositely polarised rays, which have traversed a rhomb of Iceland 
spar, fall on a plate of glass at the angle of 54^°, so placed that the plane of reflection 
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jji parallel} to the principal section of the crystal, the ordinary ray is reflected, and the 
extraordinary ray is not, the contrary effect taking place when these planes are at 
right angles to each other. When the plane of reflection is inclined to the principal 
section at any angle between 0° and 90°, both rays are reflected, but with different 
intensities. 

The two polarised beams, on emerging from the crystal, will overlap each other, or 
will be completely separated, according to their breadth and the thickness of the 
crystal. When, however, it is desired to examine only one of them, it is most con- 
venient to throw the other completely out of the Held of view. This may be effected 


in one of the following ways : 

a. By Reflection. — The apparatus for this purpose, called a Nicliol’s prism, c 
pists of two similar prisms of ealespar {fly. 676), ABCD, 

(TDEF, cemented together with Canada balsam at the faces Fig. 076. 

CI). # The faces A13, EF are cut so as to make an angle of rrt 

(}8° with the obtuse edges AE, BF of the natural crystal (the 
natural faces make an angle of 71° with the obtuse edges), A- 

and the faces CD arc perpendicular to AB and EF. With 

tli is arrangement, it is found that of the two rays, no, nr, into | | j!L 

which an incident ray, mu, is divided, the ordinary ray, no, on | 

reaching the surface of Canada balsam (whose index of re- j 

fraction is less than that of the ordinary, ami greater than I 

that of the extraordinary, ray), suffers total reflection in the j I 

direction op, while the extraordinary ray passes on in the di- I i J 

reetion rf, and emerges in fg, parallel to inn. An eye placed il 

at/, therefore, sees but one image, viz. that formed by the j | 

extraordinary ray. Hence, a beam of ordinary light passing j j J| 

through it will be polarised in a plane perpendicular to the j Ml 

principal section — that is to say, to the shorter diagonal of the j i /M 

rhomb, ab {fig. 677); and a ray, already polarised, will be I | 1 J 

stopped by the prism if its plane of polarisation is parallel to j M j I j 

n h, but will pass freely through it when the II j| ||l| 

piano of polarisation is perpendicular to ab, Fig . 677. / I / | I ijj 

or parallel to the longer diagonal cd. Hence, / | | j I I 

also, two Nichol’s prisms, placed one behind / $ I J j 

the other, appear perfectly opaque when M \ / I j[ N 

their principal sections are at right angles f/_ —fid J I 'j 

to each other, perfectly transparent when the N. 

principal sections arc parallel, and transmit 

light with diminished intensity in interme- l 

diate positions. y 

&. By Absorption . — Certain double-refracting crystals, espe- 
cially the tourmaline, have the power of transmitting light only when polarised i 
particular direction with regard to their optic axes. The tourmaline forms crystals 


longing to the hexagonal system, having one optic axis parallel to the axis of figure^ 
and transmitting light only when polarised in a plane perpendicular to the optic axia, 
Hence, when a ray of light polarised by reflection from glass at the angle of is 

viewed through a, plate of tourmaline cut with its faces parallel to the opt ic axis, 
then if the crystal be held with its optic axis perpendicular to the plane of reflec- 
tion, the ray will pass through it as freely ns its colour will permit ; but if the tour- 
maline be held with its axis parallel to the plane of reflection, the reflected rays 
will be completely absorbed, and no light will pass. If the tourmaline be gradually 
turned round from the first position to the second, the quantity of light which passes 
through it will continually decrease, because the polarised ray is then divided by the 
tourmaline into two, one polarised at right angles to the axis, the other parallel 
Ihereto, the intensity of tne former continually decreasing, and that of the latter 
increasing as the t-ourmaline is turned round. When a ray of ordinary light is 
Transmitted through a tourmaline plate of a certain thickness, cut us above described, 
it is divided into two, as by other double-refracting crystals ; but the ordinary ray is 
completely absorbed, and only the extraordinary rav passes through, so that the emer- 
gent beam is completely polarised in a plane perpendicular to the axis of the tourmaline. 
Hence if two suen plates of tourmaline be superposed, and the light of the sky be 
viewed through them, then if the two be placed with their optic axes parallel, the 
light will pass through them as freely os their colour and imperfect transparency will 
permit ; bat if one of the tourmalines be then turned round, the quantity of light trans- 
mitted will decrease as the axes deviate more and more from para lb* I ism, and at last* 
]*Hen the two axes cross one another at right angles, the light will be completely 


intercepted* 
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Two each tourmalines mounted with their fares parallel to each other, and so ,, , 
permit one of them to revolve in the plane of the axis forma very convenient und pop- 

table apparatus for experiments on polarised light, A single tourmaline is also very 
convenient for examining light polarised by reflection or refraction. The only objec- 
tion to the tourmaline is its colour, the best polarising tourmalines having always a 
brown colour, which greatly modifies t he colour of the transmitted light . especially as, 
in order that the tourmaline may polarise completely, it must have a thickness of at 
least the tenth of an inch. 

There are a few other double refracting crystals possessing similar properties ; in 
particular the so-sailed “ sulphate of iodo-quimne,” discovered by Dr. Herapath. This 
substance crystallises in thin six- or eight-sided plates, which are transparent and 
nearly colourless by transmitted light when viewed separately ; but when two of them 
are superposed, with their longer dimensions crossing one another at right angles, the 
part where they cross appears quite black, even if the thickness of the crystals doe# not 
exceed ^ of a millimetre. The crystals of this compound may therefore be used in 
the same manner as tourmalines, and are even better adapted for optical uso, by their 
greater transparency and freedom from colour ; but their fragility renders it somewhat 
difficult to manipulate with them. 

The best substitute for a tourmaline is the Nicholas prism, above described. The 
ealespar crystals being perfectly colourless and very transparent, transmit much more 
light than two superposed tourmalines. 

All arrangements for examining the properties of polarised light necessarily consist 
of two parts; viz., the pol a riser, by which the light is brought into the polarised 
state, and the analyser, by which its state of polarisation and its properties are 
examined; thus, when a ray is reflected from a plate of glass at an angle of 54j°, and 
the reflected beam examined by a tourmaline held before the eye, the plate of glass 
is the? polariser, and the tourmaline the analyser. It is clear that any one of the 
apparatus above described, namely a reflector, a refractor, a double-refracting crystal, 
a tourmaline, or a Nichol’s prism, may be used either as polariser or analyser. 

Nature of Polarised ' The existence of rays having different properties 

on different sides waH regarded by Newtou as a decisive objection against the wave- 
theory of light, on tho ground that pressures or movements excited by a luminous body 
in an elastic medium ought to be equal in all directions; and Huyghens was obliged 
to admit his inability to account for the existence of polarised rays on the undulatory 
theory as then understood. The reason of this apparent inability of the wave-theory 
to explain the phenomena of polarisation, was that, at the time of which we arc speak- 
ing, the vibratory movements of the ether were supposed to take place wholly in the 
direction of propagation of the waves, and on that hypothesis it is impossible to con- 
ceive of rays of light, any more than rays of sound, jiossessing different properties on 
different sides. But later experimental researches, and tho investigation of the subject 
on the principles of analytical mechanics, have shown that the vibrations of the lumi- 
niferous ether take place in planes tangential to the wave-surface, or transversely to 
the direction of the ray. From this point of view, the difference between ordinary 
and polarised light is easily explained. An ord inary or natural ray is one in which 
the vibrations take placo in all directions successively in the plane of the wave ; and a 
polarised ray is one in which the vibrations, still tangential to the wave-surface, are 
confined to ono plane. Suppose, for example, the direction of the ray to be vertical, or 
that of the wave-surface horizontal; then, if the ray be polarised, tho direction of 
vibration of all the particles will be either north find south, or east and west, or in 
some one intermediate azimuth ; and if it bo- unpolarised, the vibrations will tako 
place in all these directions successively. 

This view of the nature of polarised light - hi established by the experiments of 
Fresnel and Arago on the interference of polarised rays, the general result of which is, 
that two rays whose planes of polarisation (p. 653) are parallel to one another interfere 
just like unpolarised rays : but two rays whose planes of polarisation are perpendicular 
to one another do not exhibit any phenomena of interference , whatever may be their 
difference of phase. These results are easily conceivable if the vibrations are transverse 
to the direction of the ray ; for if the vibrations of the two rays take place in 
directions parallel to each other, the resultant will be equal to the sum or difference 
of their individual movements, as explained at pagp 598, and will be reduced to zero, 
that is to say, the rays will destroy each other, when their phases are exactly opposite ; 
but if tlieir vibrations are performed in planes inclined to one another at any angle, 
there will be, at every point, a finite resultant, determined in magnitude and position 
by the rule of the parallelogram of velocities, and never becoming equal to nothing. 
Hence, two rays whose planes of polarisation are not parallel, can never interfere so as 
to produce complete darkness ; and if their planes are at right angles to one another, 
they cannot interfere at all. If, on the other hand, the vibrations of the ether take 
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place in the direction of the ray, it is impossible to conceive any conditions which 
would prevent them from interfering with one another, and producing datkness when 
they meet one another under a certain difference of phase. 

The experiments which show that the interference of polarised rays does depend, as 
above described, on their state of polarisation, are the following : 

1. The light passing through two narrow parallel slits very close together, as ip 
Young's experiment (pp. 699, 604), is polarised by covering the slits with two pieces 
of the same plate of tourmaline, cut parallel to the axis, which pol arises the light in a 
plane perpendicular to that axis. If the two tourmaline plates have their axes parallel 
to one another, the two beams of light interfere and produce fringes, just, as if the 
tourmalines were not there ; but if they are placed with their axes at right angles to 
one another, all the fringes disappear. In intermediate positions of the tourmalines 
fringes are produced, but fainter as the angle bet ween the axes approaches more nearly 
t* a right angle. Instead of tourmalines, two small bundles ot mica-plates may be 
placed before the slits, in a position inclined to the direction of the rays, which are 
then, after transmission, almost wholly polarised in n plane perpendicular to the piano 
of incidence. The fringes then disappear when the bundles of plates are so placed 
that the two planes of incidence are at right angles to each other. 

2. The two slits are covered with two fragments of the same plate of ealespar or 
rock-crystal, cut parallel to the optic axis. Each plate then gives an ordinary and an 
extraordinary ray, whose planes of polarisation are at right angles to ono another. If 
the axes of the two fragments are parallel, the two ordinary rays which emerge from 
them produce fringes, just as if they were uupolarised ; so likewise do the two extra- 
ordinary rays, and these two systems of fringes are superposed. If now one of ths 
crystalline plates be gradually turned round in the plane parallel to its axis, the 
fringes become fainter, and when the axes of the two plates are at right angles to one 
another, the fringes disappear altogether, and give place to uniform light. At the 
same time, however, other systems of fringes make their appearance on the sides, 
being produced by the interference of the ordinary rays proceeding from one of the 
slits with the extraordinary rays from the other; they are shifted to the sides on 
account of the difference of velocity of the ordinary and extraordinary rays within the 
crystal. So long as the aies of the t wo plates remain parallel, the ordinary ray of 
the one and the extraordinary ray of the other are polaris^l in planes at right angles 
to one another, and the lateral fringes are not produced ; but on inclining tho axes to 
one another, these lateral fringes appear, becoming more and more brilliant, as the 
angle between the axes increases, and attaining their greatest brightness when th« 
two axes form an angle of 90°. 

3. When a narrow screen, such as a hair, is placed in the path of the two rays 
issuing from a rhomb of Iceland spar, placed before the focus of a lens, no fringes are 
produced within the Bhadow, as they would be by ordinary light, because the two 
rays are polarised In planes at right, angles to one another. 

In Fresnel’s mirror experiment (p. 699), the rays are polarised by reflection in 
tlie same plane ; and in that of Young (p. G02), the rays originating from tho same 
source have their transverse vibrations at each instant parallel to one another, so that 
they air in the right condition for interference. 

The preceding experiments show then that the vibrations of the ether are parallel 
to the wave-surface, and that in a polarised ray they take place, for the most part, in 
one plane passing through tho ray. Moreover, the vibratory viovenunts arc perpen- 
dicular to the plane of polarisation. For when a beam of light, passes t h rough u crystal 
with ono optic axis, like Iceland spar, the ordinary ray is polarised in a plane parallel 
to the principal section of the crystal; that is to say, it is most easily reflected in a 
plane parallel to that section (p. 653). Now as this ray follows the ordinary law of 
refraction, and consequently has a constant, velocity whatever direction it may take 
through the crystal, the vibrations of the ether which form it must have a constant 
direction with regard to the axis of tho crystal ; and as they are perpendicular to the 
ray whatever angle it may make with the axis, they could not form a constant angle 
with the axis, unless they were also perpendicular to that axis. The vibratory 
movements constituting the ordinary ray are therefore fierpendicular, both to the 
ray and to the optic axis, and therefore to tho principal section, which is the plane 
passing through the ray and the axis, and in this case is identical with the plane of 
polarisation of the ray. Hence, as all polarised rays possess the same properties, 
whatever may be their origin, it follows that the vibrations of the ether are always at 
right angles to the plane of polarisation. , 

The same result may be deduced from the properties of the tourmaline, which, as 
already observed (p. 666), intercepts the ordinary ray. Now it is found that a plate 
of tourmaline, cut perpendi^Uar to the optic axis, intercepts all the light which falls 
upon it at perpendicular incidence, which shows that all vibrations perpendicular to 
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the axis are arrested by it. But when the ray passes through a plate of tourmaline 
cut parallel to the axis, only the ordinary ray is intercepted, the extraordinary ray 
passing through. The vibrations of the ordinary ray must therefore be perpendicular 
to the axis, and consequently to the principal section of the crystal , parallel to which 
the ray is polarised. 

From this direction of the vibratory movements, it follows that a polarised ray is 
most easily reflected when its vibrations are parallel to the reflecting surface, and on 
the contrary, that it is most easily transmitted through a pile of plates when the 
vibrations take place in the plane of incidence or at right angles to the surface ; also that 
the ray passes most completely through a tourmaline cut parallel to its axis, when the 
vibrations are parallel to this axis. The tourmaline acts therefore like a grating 
which gives free passage to a surface, such as a knife-blade, parallel to the bars, but 
stops it when presented transversely. 

The form of the curve which the ether-molecules describe in the plane perpendicular 
to the direction of the ray— for example, in the row a a {Jig. 677)— determines the 
Fig. 677. state of polarisation of the ray. If 

, * m the oscillation consists in a mere 

• * * • J motion of the particles back- 

wards and forwards in a straight 
line, the ray is sh id to boreetili- 



nearly polarised, or plane- 
polarised; and the plane pass- 
ing through the ray at right angles 
to the direction in which the 


*•••*, particles vibrate, its the plane of 

% c ' * • * • • polarisation of the ray. The 

71 particles originally situated in 

the straight, line which is the direction of the ray, appear at a certain moment, 
arranged in the wave-line ach. If each of the vibrating particles describes a circle, the 
direction of its velocity will change from 0° to 180° while the vibration is extending 
through the space of half an undulation, and to 360° in the space of a whole undu- 
lation : hence, a series ot particles in all phases of velocjty, extending from one ex- 
tremity of tho wave to the other, will be situated on a screw-lino having tho direction 
of the ray tor its axis. The ray is then circularly polarised, and right or left, 
according as the direction of revolution of the ether-molecules, regarded from the 
centre of the circle, or the axis of the screw, is like that of the hands of a Match or the 
contrary. The result is tho same as if tho ray were polarised in one plane, and this 
plane revolved, making a complete revolution during the time of one vibration. 

If each of the vibrating particles describes an ellipse, the successive particles may 
be conceived as arranged on an elliptical screw-line. In this case, to determine the 
state of polarisation of tho ray, it is necessary to specify, not only the length of tho 
major and minor axes of the ellipse, but likewise the position of these axes in space, as 
determined, for example, by a system of rectangular co-ordinates, one axis coinciding 
with the ray, while the other two are drawn at right angles to each other in the 
plane of vibration of the ether-molecules. The direction of tho rotation must also bo 
stated us in the case of circular polarisation. 

A circu I arly polarised rav examined by an analyser exhibits the same intensity 
in all azimuths, just like natural light, but is distinguished therefrom by appearing 
coloured when viewed through the analyser, after passing through a thin plate of a 
double refracting crystal (p. 671 ). An e 11 i p t i eaJIy pol a r isod ray exhibits a maxi- 
mum and minimum of intensity in two positions dfjhe analyser at right angles to each 
other, but is never completely extinguished like ft plane-polarised ray, and is likewise 
coloured by transmission through a double- refracting film. The colours thus imparted 
both to circularly and to elliptically polarised light, differ from those exhibited under 
similar circumstances by plane-polarised light. 

To understand the manner in which these different states of polarisation arise, it is 
necessary to take account of tho movement impressed upon the molecules of the ether 
when they transmit several systems of waves at once, the velocities being then 
compounded according to the principle of the parallelogram of forces. When this 
composition is effected by construction or by calculation, it is found that wfien the 
lengths of the component waves are equal (the only case that will be here considered) 
the waves of the resulting system always have the same length, so that the changes 
produced can affect only the amplitude of vibration and the state of polarisation. 

1. When the two rags are polarised in the same plane. — In this case, the amplitude 
of the resultant wave is equal to the sum or difference of the component waves, 
according as the. two rays are in corresponding or in opposite phases ; and if they are 
in exactly opposite phases, and of equal amplitude, they destroy each other’s motion 



LIGHT : POLARISATION. 659 

completely, and produce darkness. The case is, in fact, that already considered under 
Intbbfebbkc* (p. 598). 

2. When the two rays art polarised at right angles to each other. — In this case, the 
vibrations of the two wave-systems take place in planes at right angles to one 
another, and therefore the resulting system cannot be rectilinearly polarised, unless 
the difference of phase of the two component wave-systems is either nothing or an 
exact multiple of a half wave-length. If we imagine two rays travelling at right angles 
to the surface of the paper, and passing through the point A {Jig. 678), the vibrations 
of the first (positive) half-wave of the one system 
being directed parallel to Aw, and those of the 
other parallel to Am ; then if both the waves af- 
fect the particle A simultaneously and with equal 
force, the resulting vibrations will make an angle 
of 45° with those of the component wave. Tho 
azimuth of the vibration is then 45°, reckon- 
ing from A». If, on the other hand, the second 
system is half a wave-length beforo or behind the 
other, it will affect the particle A with its negative 
vibration Aw', at the same time that the positive 
vibration An of the other system begins to act. The 
azimuth of vibration is then —45°, always reckon- 
ing from An. 

But if the difference of phase of the two wave- 
systems is equal to a quarter of a wave-length, 
the velocity Aw then affeets the particlo A, just as tho vibration imparted to it 
by tho other system has brought it to n, and it is about to return towards A: it 
therefore acquires a rotatory movement round the point A. The ray is therefore 
circularly polarised, and right or left, according us the system Aw is before or behind 
the system An by a quarter of an undulation. If the amplitudes of the two systems 
are unequal, a difference of phase amounting to a quarter of a wave-length will produce 
elliptical polarisation. This kind of polarisation is likewise produced with any other 

difference of phase ^excepting 0 or m . whether the amplitudes are equal or uuequal. 

If the two systems are polarised in planes making an obliquo angle with one another, 
a difference of phase equal to Oorm. - produces rectilinear or plane polarisation, while 

every other difference produces elliptical polarisation. 

It follows, from the preceding considerations, that ellipt ical polarisation is the usual 
state of polarised light, circular and rectilinear polarisation being merely particular 
cases of it. 

Suppose now a plane-polarised r»y to fall on the separating surface of two transpa- 
rent media, its plane of vibration being inclined to the plane of incidence at an angle 
of 45°. Each vibration may then be regarded as resolved into a component (I*) 
vibrating in the plane of incidence, and another (It) vibrating at right angles to that 
plane; and these two components will be weakened by reflection in unequal degrees. 
At the incidences 90° and 0° (measured from the normal), the two components ot tho 
reflected ray are of equal intensity; but from 90° to 0° the intensity of It continually 
diminishes, whereas that of P, though it likewise diminishes for a certain* distance 
from 90° towards 0°, attains a minimum value at a certain angle of incidence, whoso 
magnitude depends on the refractive index, and increases again from that point up to 
perpendicular incidence. . 

In reflection from metals, and also from non- metallic substances of high refractive 

power, the quotient jjj has always a considerable value; but in the case of media of 

comparatively low refractive power, such as water and glass, it very nearly vanishes at 
the limiting angle above mentioned. Moreover, as the variously directed vibrations of 
an ordinary (unpolarised) ray may be resolved into the two principal components above 
mentioned, it follows that, at the limiting angle, the vibrations of the ray (if mono- 
chromatic) will all, or nearly all, be reduced to one plane — namely, a plane perpen- 
dicular to the plane of incidence; in other words, the ray, after reflection, will be 
completely polarised, or nearly so, in tho plane of incidence. The limiting angle 
above referred to is therefore the polarising angle (p. 653). It is clear also that if the 
ray thus polarised falls upon a second mirror at tho same angle, and this mirror is so 
laced that the vibrations of the polarised ray are parallel to its plane of incidence, 
ttle or no light will be reflected from it ; but that, if tho second reflector be turned 
round from thw azimuth, always remaining at the same angle to the ray, the quantity 


Fig . 678. 
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of light reflected will gradually increase till the plane of incidence upon the second 
mirror coincides with that upon the first, at which the quantity of light reflected from 
the second mirror will be a maximum. (See page 653.) 

When light falls at the polarising angle on a substance of comparatively small 
refracting power, as glass, water, &c., the intensity of the refracted ray is much greater 
than that of the reflected ray, inasmuch as a small portion of the light polarised at 
right angles to the plane of incidence, and nearly the whole of that which is polarised 
parallel to the plane of incidence, pass into the refracted ray. The former component 
unites with an equal portion of the latter, reproducing unpolarised light, so that the 
refracted ray consists of natural light mixed with light polarised in the plane of 
incidence. 

The two components P and R not only differ in intensity after reflection, but like- 
wise exhibit a difference of phase, P being always more or less behind R , excepting, 
according to Jain in, in reflection from one or two varieties of silica. ' * 

At the incidence of 90°, since a ray polarised in the azimuth of 45° retains its 
azimuth unaltered, the difference of phase of the two components P and R is either 
nothing or equal to an entire wave-length (p. 659). At perpendicular incidence, the 

azimuth changes from 45° to —45°; consequently the difference of phase is In both 

cases, therefore, a plane-polarised ray remains piano-polarised after reflection. But 

at all other incidences, the difference of phase is between A and and consequently the 

plane or rectilinear polarisation is converted into elliptical polarisation. The angle of 

3A 

incidence for which the difference of phase = — is called the principal incidence. 

It is very little smaller than the polarising angle (p. 653), calculated from Brewster’s 

p 

formula, tan i ** p : hence, at the principal incidence, the quotient ^ differs but little 
from its smallest value. In substances of small refracting power, the passage from the 
difference of phase ^ to A takes place quickly, so that the elliptical polarisation is per- 
ceptible only between very narrow limits ; but in bodies of greater refracting power, 

Buell as diamond, it is more easily observed. 
Fig. G79, in which the angles of incidence are 
laid down as abscissae, and the differences of phase 

diminished by ^ as ordinates, exhibits the differ- 
ence of behaviour of glass, sulphide of arsenic, and 
zinc. The points p y p\ p!' correspond to the prin- 

3 A 

cipal incidences, or to a difference of phase « — . 

The more refrangible rays acquire a greater dif- 
ference of phase in their two components under a 
given incidence than the less refrangible rays. In 
many metals, as silver, copper, brass, and nickel- 
silver, the ratio of the intensities P : R is smaller, 
while in others, as zinc and steel, it is larger for the 
more refrangible rays. In consequence of this in- 
equality, tlje former metals, especially when illu- 
minated bjriight vibrating in the plane of reflec- 
tion, exhibit a yellow or red, the latter a bluish 
colour, the tints often coming out with continually 
greater distinctness after repeated reflection. At 
the incidence of 90°, that is to say, when the incident ray just grazes the surface, all 
well-polished metals appear white. 

Theory of Double Ref raction. 

The phenomena of reflection, refraction, and coloration undergo considerable altera- 
tions when light falls upon media through which it travels with different velocities in 
different directions. This is the case in all crystals not belonging to the regular or 
monometric system ; likewise in all media whose molecular condition is altered in par- 
ticular directions by pressure, or by heating and sudden cooling, such as unannealed glass. 

. Crystals with one Optic Axis , — Consider, in the first place, crystals belonging to the 
dimetric and hexagonal systems, which resemble one another greatly in their 
optical as well as in their other physical properties, such as expansion by Heat (iii. 72)i 
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and capacity of conducting heat and electricity (ii. 122). In these crystals, the elasti- 
city of the ether is either greatest (negative crystals), or least (positive 
crystals), in the direction of the principal crystallographic axis, but equal in all 
directions at right angles to that axis. If, now, from any point within the crystal, 
straight lines be drawn in all directions, and proportional in length to the square roots 
of the elasticities of the ether in these several directions, the terminal points of these 
lines will be situated on a surface of revolution called the surface of elasticity 
To find the velocities with which rays are transmitted in these several directions, 
imagine a number of plane waves to pass in all directions through the centre. Every 
such wave cuts the surface of elasticity in a closed curve, like 
fit/, 680. If the crystal is negative — ealespar, for example — the 
longest diameter of this curve lies in a meridional plane (called, p 

in optical language, the principal section), the shortest dia- 
meter in the equatorial plane of the surface of elasticity. If the 
light- wave is polarised, and its vibrations take place in the di- , 

rection cs t it will, after penetrating through an extremely thin / 

layer of the crystal, divide itself into two polarised waves, 
which vibrato in the directions of greatest and least elasticity, r - 
cp and cr f with the amplitudes ca and c b, and will there- 
fore travel with unequal velocities in the direction perpendi- l 

cular to mnpr. It is as if the molecules of the ether were com- \ 

pressed in the direction of the principal axis, so that a vibratory 
movement cannot easily bo propagated in a direction oblique 
to that axis, but is resolved into two in the manner above men- 
tioned. 

The same result will ensue if the incident wave consists, not of polarised but of 
natural light, excepting that the two polarised components will then have equal inten- 
sities, since they are made up, not. only of the components of vibrations in the direction 
r.s, hut likewise of those of vibrations in all other directions within tho plane mnpr. 
If the incident wave coincides with the equatorial plane of the surface of elasticity, the 
two semidiameters c p t c r are equal. In this case, the light is not polarised in two 
ilin-ctions at right angles to one another, but the wave travels onwards without dividing 
itself, in the direction of the principal crystal logmphic axis, which, on account of this 
property, is denominated the optic axis. Crystals of tho dirnetric and hexagonal 
systems are optically uniaxial. — If the plane wave passing through o coincides 
with a meridional plant*, the difference of the two velocities of transmission is a 
maximum, since one of the components calls into action the maximum amount of 
elasticity in the direction of tho axis itself. Tho velocity of transmission of the other 
conq>onent remains, as above mentioned, the same in all directions, inasmuch as it is 
always proportional to the radius, or, of the surface of elasticity. If, now, wo imagine 
the infinite number of plane wave-surfaces passing in all directions through the point o 
set in motion at the same time, according to the laws above detailed, they will, after a 
short time, enclose two different curved surfaces called the wave-surfaces of mono- 
:i x i a 1 c r y s t a 1 s. One of these surfaces, corresponding to tho light which vibrates in tho 
equatorial plane, or at right angles to the principal section ('/.c. polarised in tho principal 
section, p. 657), is a sphere ; the second, corresponding to that which vibrates in tho 
principal section (or is polarised at right angles to that section), is shown by calculation 
to be an ellipsoid of revolution, which touches 
the sphere at two points situated on the optic 
axis. Fig. 681 is a meridional section of the two 
wave-surfaces. In any direction through such a 
crystal, two rays, polarised at right angles to 
each other, travel with the velocities mg and rnf. 

The vibrations of the first ray are perpendicu- 
lar to its direction, but those of tho second are c 
not.; they take place in a plane touching the 
ellipsoid at the point , f so that, to find the velo- 
city of transmission of the plane wave correspond- 
ing to the ray m /, it is necessary to draw a 
perpendicular from m to the plane which touches 
the ellipsoid ?nfi. 

From this theory, first developed by Fresnel, all the phenomena of double refraction 
way be deduced in a very simple manner. Suppose a beam of parallel rays correspond- 
ing to the plane wave h g {fig. 682) to fall upon the surface of a mononxial crystal— 
ealespar, for example — whose optic axis is in the direction hi. Found b us a centre 
describe the two wave-surfaces, so that, taking gf as unity, the radius of the spherical 

•urfaee may be and that of the ellipsoid -- 7 ?--. Imagine also a line drawn 

3 904 14oo 


Fig. 681. 
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through / at right angles to the plane of the figure, and through this Ji ne 
vl&nes to pass touching the sphere in 4 the ellipsoid in n; then, as explained *22? 

reference to jfy. 655 (p. 609), bh and 
Fig . 682, bn will be the directions of ’ the two 

refracted rajs. The vibration a of the 
ray bh ore perpendicular to the plane of 
incidence, which in this case is also the 
principal section ; those of the ray b n 
are parallel to the plane "of incidence. 
The ratio of the velocities of the ray b h , 
without and within the crystal, is inde- 
pendent of the angle of incidence, as in 
uncrystallised media and crystals be- 
longing to the regular system (Iso- 
phanous media), since the corre- 
sponding wave-surface is a sphere. 
This ray is therefore called the ordi- 
nary ray (O). But the index of re- 
fraction of the second ray, bn, varies 
with the angle of incidence : hence this 
ray is called the extraordinary ray 
(E). In calcspar, and all other negative crystals, it is less than that of the ordinary 
ray. 

If the piano of incidence neither coincides with a principal section, as in tho pre- 
ceding example, nor is perpendicular thereto, the plane drawn through f tangential to 



Fig, 683. 



the ellipse will touch it in a point not contained in the 
plane of incidence ; the extraordinary ray then deviates 
from tho plane of incidence, which is never the case in 
ordinary refraction. As in negative crystals, the ex- 
traordinary ray is always less refracted than the ordi- 
nary ray, and, in comparison with this, appears to be 
repelled from the optic axis, these crystals are sometimes 
called repulsive : positive cry stals, on the other hand, 
in which the extraordinary ray is more refracted than 
tho ordinary ray, are called attractive crystals. 

The optical relations of positive uniaxial crystals aro 
exactly similar to those of negative crystals, excepting 
that, as the elasticity of the ether is a minimum in tho 
direction of the optic axis, the velocity of the light in 
this direction is a maximum. The wave-surface of tho 
ordinary ray encloses that of the extraordinary ray, as 
The ray E in these crystals — rock-crystal, for example 


shown in section in fig. G83. 

— is more strongly refracted than O. 

The following is a list of the most important uniaxial crystals: 


Zircon. 

Quartz. 

Tungstate of zinc. 
Stan ni to. 

Boracite. 


Positive or Attractive Crystals. 


Apophyllite. 

Sulphate of potassiufh and 
iron. 

Acid acetate of copper and 
calcium. 


Hydrate of magnesium. 
Ice. 

Hyposulphato of calcium. 
Dioptase. 

Red silver. 


Negative or Repulsive Crystals . 


Iceland spar. 

Carbonate of calcium and 
magnesium'. 

Carbonate of calcium and 
iron. 

Tourmaline. 

Kubellite. 

Corundum. 

Sapphire. 

Ruby. 

Beryl. 

Apatite. 


Idocrase. 

Wernerite. 

Mica. 

Phosphate of lead. 
Arsenio- phosphate of lead. 
Hydrate of strontium. 
Arsenate of potassium. 
Chloride of calcium. 
Chloride of strontium. 
Basic phosphate of potas- 
sium. 


.Sulphate of nickel and 
copper. 

Cinnabar. 

Mellite. 

Molybdate of lead. 
Octahedrite. 

Phosphate of calcium. 
Arsenate of lead. 
Arsenate of copper. 
Nepheline. 
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From the explanation just given of double refraction in uniaxial crystals, it followa 
that, for the complete optical characterisation of such a body, it is sufficient to know 

the greatest and least velocities of light therein, or — which comes to the same thing 

the indices of refraction for the two oppositely polarised rays which travorse the 
crystal in a plane perpendicular to the axis. To find these indices of refraction, the 
crystal must be cut in the form of a prism, with its refracting angle parallel to the 
optic (or principal crystallographic) axis, and the least deviations of the several 
coloured rays in the ordinary and extraord inary image measured by the methods already 
described. The values thus found are, of course, true only for the particular tempera- 
tures at which they are measured. Change of temperature likewise affects the refractive 
indices of double-refracting crystals in a peculiar manner, because the rate of expansion 
by heat of these crystals, in the direction of the optic axis, is not the same as in 
directions perpendicular to that axis. Calcspar, for example, expands in the direction 
of its optic axis joining two obtuse summits of the rhombohodron, more strongly than 
in any other direction, the rhombohodron at the same time approaching in form to the 
cube, while the double refraction perceptibly diminishes, or, in other words, the 
refractive indices of the rays E and O approach more nearly to equality. Very exact 
measurements of indices of refraction of Fraunhofer’s seven lines ( 11 — //), in the 
ordinary and extraordinary images of calespar and rock-crystal, together with Mia 
alterations produced in them by change of temperature, have been made by Itud berg 
(I’ogg. Ann. xiv. 45; xxvi. 291). Double refraction is frequently also different in 
degree for the different coloured rays. In apophyllite, indeed, this inequality is so 
great that the crystal is positively double-refracting for the blue, negatively for the 
red rays, and single-refracting for an intermediate ray. 

2. Crystals with two Optic axes. — In all crystals belonging to the remaining systems, 
viz., the trimetric, monoclinic, diclinic, and triclinic, there are two directions 
or axes in which an ordinary ray of light may pass without being split into two. 
Hence those crystals are called bi- or di -axial. The somewhat more complex 
phenomena which they exhibit are also completely explained by Fresnel's theory. 

The elasticity of the ether in these crystals is of unequal magnitude in throe direc- 
tions at right angles to each other (the three axes of elasticity). Jf we call the modulus 
of greatest elasticity a’, of the middle b' l t and of tho least c 1 , and imagine lines drawn 
from the centre of the crystal in all directions, proportional to the square roots of tho 
elasticities called into activity in these several directions, the ends of these lines will 
be situated on a surface, called the surface of elasticity, having three unequal 
axes, 2a, 2 b t 2 c, at right angles to one another; and if plane waves bo supposed to j)hhh 
through the centre of this surface in all possible directions, as in the ease of uniaxial 
crystals, each of these will cut the surface of elasticity in a closed curve. All vibra- 
tions in such a plane wave-surface are very quickly resolved in the direction of the 
greatest, and least diameters of tho plane section, which are perpendicular to one 
another; and the wave is divided into two which travel onwards parallel to each other, 
but with unequal velocities, proportional to the square roots of the elasticities 
which are set in action in tho direction of those diameters. If all these plane 
waves are supposed to be set in motion at once, they will, after a given time, enclose 
the wave-surface of biaxial media. 

Fig. G84 exhibits three sections of the wave-surface culling one another at right 
angles. Of the two perpendicular to t.ho plane of the figure, the vertical section con- 
tains an ellipse enveloped by u circle ; the horizontal section, a circle enveloped by an 
ellipse; tho section in the plane of the paper consists of an ellipse and a circle inter- 
secting one another : they are represented separately in Jig- 985. The circle in each 
section belongs to rays whose vibrations arc perpendicular to the plana of that section, 
and therefore in the direction of an axis of elasticity : such rays suffer ordinary refrac- 
tion. The ellipse, on the other hand, gives the velocity of transmission of the extra- 
ordinary rays, whose vibrations are parallel to the plane of the section. To obtain the 
three characteristic refractive indices of ft, of a biaxial crystal, three prisms must 

be cut, having their refracting angles respectively parallel to the three axes of elasti- 
city, and the minimum deviation of the seven principal rays determined in each of 
Hu‘m, for that on© of the two coloured images, whose plane of polarisation is perpen- 
dicular to the refracting angle. This measurement has been very carefully performed 
by Itudberg for arragonite and topaz. Doth the refractive indices, and ihe ratios 
between them, vary with the temperature in biaxial as well ns in uniaxial crystals. 

The ratios — — which express the strength of the double refraction, appear to 

ft fX* ’ 1 

increase in all crystals from the less to the more refrangible rays. In crystals of tho 
trimetric system, the axes of elasticity have tho same direction for all the coloured rays. 
The crystals of the mono-, di-, and tri-clinic systems appear to exhibit a different 

Vol. m. u v 
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behaviour in thie reupect. Their peculiflritios wiU be considered in OMnectioo^U 
tb9 colours which they exhibit in polarised light (p. 669). 

Fig. 684. Wg* 685. 



In two directions, ab and ah' {fig. 686) making equal angles with the axis of greatest, 
and also with that of least elasticity, the surface of elas- 
ticity is cut in circles. At right angles to the planes of 

n' these circles, an<l therefore in the directions CV, O’, a 

plane wave is propagated without, being resolved into 
others, or altered us to its state of polarisation. These 
f fa.--'' \ directions were designated by Fresnel, as the true optic 

r “~v 7 axes of the crystal. But, as Bhown by fig. 686, there 

V y are likewise two directions in which the ordinnpr and 

extraordinary rays, which, therefore, belong to different 
^ waves, are transmitted with the same velocity. These 
directions, which unite the points of intersection P of the 
ellipse and circle with the centre M, have received the name of apparent optic 


axes. 

As may be seen from the figure, it depends upon the ratio of the mean velocity of 
transmission M g to the greatest Mw and least Mo’, whether the apparent optic uxe9 
form a smaller angle with the axis of greatest elasticity and least velocity of trans- 
mission, or with that of least elasticity and greatest velocity of transmission. In the 
former case, the crystal approximates in its optical character to calespar, and is there- 
fore called optically negative ( e.g . arragonite) ; in the latter, to rock-crystal, and 
is therefore called optically positive {e.g. topaz). The line which bisects the 
acute angle of the optic axes is the median line; that which bisects their obtuse 
angle, the supplemental line; and the line perpendicular to both of these is the 
normal. The last is always the axis of mean elasticity; the median line coincides 
with the axis of greatest elasticity in negatjVe, and with that of least elasticity in 
positive crystals. 

To find the rays belonging to a given plane wave-surface, planes must be drawn 
parallel to this plane ana tangential to the wave-surface, and the points of contact 
joined with the centre. This construction always yields two tangent-planes, and there- 
fore two rays. It is only when the wave-plane is perpendicular to one of the true optic 
axes, that the two tangent planes coincide in one, which, however, then touches the 
wave-surface in a circle. At the point P (fig. 685), the wave-surface forms funnel- 
shaped depressions or re-entering cones, the plane wave RS, which is perpendicular to 
the true optic axis MT, closing the funnel and touching the curved wave-surface in ft 
circle having the diameter QT. To this wave-plane, therefore, correspond all rays 
proceeding from the centre M to the several points of the circumference of that circle. 
If, therefore, a ray of common light falls upon a plate of arragonite cut and polished 
at right angles to the median line, in such a direction that it would emerge in the 
direction of the true optic axis, it divides itself into a conical beam of rays, which, as 
they belong to the same wave-plane, proceed, after emerging, parallel to one another 
in a cylindrical beam. This phenomenon, the so-called cylindrical or inner 
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conical refraction, becomes perceptible only when the arragomte plate has a 
thickness of at least a centimetre. 

Every line drawn from the centre to the surface of the wave, c.g. MT or MQ, cute 
this surface in two points corresponding to the two rays which travel in this direction. 
The wave-planes belonging to these rays are found by drawing tangent-plan** to the 
points of intersection with the upper wave-surface. It is only the ray MP, which 
travels in the direction of the apparent optic axis, that cuts the wave-surface in a single 
point only : at this point, however, the wave-surface has an infinite number of tangent 
planes; and, consequently, since the velocity of the wave-plane within the crystal 
determines the strength of the refraction, the ray MP yields an infinite number of 
refracted rays diverging from one another in a cone. This remarkable phenomenon, 
called external conical refraction, may be observed by covering the two parallel 
faces of a plate of arragonite cut perpendicular to the median line, with screens, each 
having a fine aperture so situated that the lino joining the two apertures coincides with 
an apparent optic axis of the crystal. If a converging pencil of rays from a near source 
of light be directed on one face of the arragomte plate, a conically divergent pencil 
emerges from the other. 

The polarisation phenomena of the two rays proceeding in any given direction are 
easily determined. If planes be made to pass through the ray and the two apparent 
optic axes, the direction of vibration of the one ray bisects the acute, and that of the 
other ray the obtuse anglo of the two planes. The directions of vibration (and there- 
fore also the pianos of polarisation) of the two rays are therefore always perpendicular 
to one another. 

If the three characteristic refractive indices, /a, ft, ft", of a crystal are known, and 
ft" > ft' > ft, then, as Fresnel has shown, the angle 2/3 of the true optic axes may 
be calculated by the formulae: 


For negative crystals, 
sin J /9 - ^ ^ 


For positive crystals. 

"a ,.»* 

sin ? /3 = ■ 


H- ft — ft* ft* ft'* — ft* 

and the angle 2 a of the apparent optic axes by the formulae : 


sin *a 


ft* -ft* 


ft *-ft » 


It will be seen that, in negative crystals, the apparent optic axes form a somewhat 
larger anglo than the true optic axos, whereas in positive crystals the contrary is the 
case. 

Table of Biaxial Crystals. 


Angle of axes. 


Sulphate of nickel (certain speci- 
mens) . . . . . 3° O' 

Nitrate of potassium . . . 6 20 

Carbonate of strontium . . 6 56 

Carbonate of barium . . . 6 56 

Talc 7 24 

Sulphoearbonate of lead . . 10 35 

Mot her of pearl . . . .1128 

Hydrate of barium . . . 13 18 

Arragomte 18 18 

( y a nide of potassium . . . 19 24 

Cymophane . . . . 27 51 

Anhydrite 28 7 

Borax 28 42 

Apophyllite 35 8 

Sulphate of magnesium . . 37 24 

Sulphate of barium . . . 37 42 

Spermaceti (about) . . . 37 40 

Borax (native) . . . . 38 48 

Nitrate of zinc . . . . 40 48 

Stilbite 41 42 

•Sulphate of nickel ! ! ! 42 4 

Anhydrite (Biot) . . . 44 41 

I^pidolite 45 41 

Benzoate of ammonium . . 45 8 

Sulphate of sodium and magnesium 46 49 

Sulphate of ammonium . .46 8 

l0 P“ - . . . 49° to 65 0 | 

r v 


Anglo of axos. 
. 60° 0' 


Sugar . 

Sulphate of strontium . . .60 

Sulphohydrochlorate of magnesium 

and iron . . . . . 61 16 

Sulphate of magnesium and ammo- 
nium .... 

Phosphate of sodium . 

Comptonite .... 

Sulphate of calcium 
Nitrate of silver . 

Iolite ..... 

Felspar .... 

Sulphate of potassium . 

Carbonate of sodium . 

Acetate of lead . 

Citric acid .... 

Tartrate of potassium . 

Tartaric acid 

Tartrate of potassium and sodium 
Carbonate of potassium 
Cyanite 

Chlorate of potassium 
Kpidote 

Chloride of copper 
Peridote 

Succinic acid (about) 

Sulphate of iron (about) 

Mica .... 

2 


0 


61 22 

65 20 

66 6 

60 0 
02 16 
62 60 
63 0 

67 0 
70 1 
70.26 

70 29 

71 20 

79 0 

80 0 
80 30 

. 81 48 
. 82 0 
. 84 19 
. 84 30 
. 87 66 
. 90 0 
. 90 0 
0°to 76 0 
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It will be observed that topaz, and more especially mica, exhibit vezy different ang]^ 
in different specimens. S^narmont explains this anomaly by regarding these bodies as 
mixtures of two isomorohous substances, in which the planes of the axes are perpen. 
dicular to each other. lie has shown, in fact, that a crystal formed by a mixture of two 
substances has its axes more or less inclined to one another, or situated in planes whose 
position varies by 90° from one specimen to another, according to the proportions of 
the mixture. In the case of mica, which, as S^narmont has shown, crystallises in 
right prisms with rhombic base (trimetric), the plane of the fixes iB parallel, sometimes 
to the longer, sometimes to the shorter diagonal of the base. (Daguin, Traitl d$ 
Physique^ iv. 489.) 

Reflection of Light from Double-refracting Media . — The reflection of light from th« 
surface of double-refracting crystals follows, so far as regards the difference of phase 
of the two principal components polarised parallel and perpendicular to the plane of 
incidence, the same laws as those which are observed in reflection from isophanous media. 

On the other hand, the alterations in the azimuth of polarisation depend, not only on 
the angle of incidence, but likewise on the inclination of the reflecting surface, and the 
plane of incidence to the axes of the crystal. Even when a polarised ray falls perpen- 
dicularly on a double-refracting surface, the azimuth of polarisation does not remain 
unaltered. In particular cases, however, no alteration takes place : for example, in 
uniaxial crystals, when the reflecting surface is perpendicular to the optic axis, or when 
the plane of incidence coincides with the principal section. For each relative position 
of the reflecting surface and the plane of incidence, there is always an angle of inci- 
dence at which the azimuth remains unaltered. It must also be observed, that when 
light is reflected within a double-refracting medium, each incident ray gives two 
reflected rays ; that in uniaxial crystals, only one of the reflected rays remains con- 
stantly in the piano of incidence, whereas the other may deviate therefrom ; and that 
in biaxial crystals, for the most part, neither of the two reflected rays remains in the 
plane of incidence. 

Colours of Polar iscd Light. 

Double-refracting substances viewed in polarised light often exhibit brilliant colours, 
the exact observation of which affords, in most cases, an easier method of determining 
the position of the axes of the crystal, than the mere separation of a ray of light into 
two, which is distinctly perceptible only when the double refraction is strong, and the 
crystal has a considerable thickness. Hence, the observation of these coloured phe- 
nomena is of great service in the study of crystalline structure. 

Since the two rays into which an incident ray of common light is divided on entering 
a double-refracting medium travel through that medium with unequal velocities 
(p. 661), they will, on emerging from the medium, exhibit a certain difference of phase. 
As, however, the vibrations of the two rays always take place in planes at right angles 
to one another, they cannot interfere so as to produce any coloration or variation of in- 
tensity. Hence, the two images seen through a double -refracting crystal in ordinary 
light are colourless. 

But the case is different when the crystalline plate is viewed in a polarising appa- 
ratus, say, between two tourmalines, or two Nichol's prisms, one serving as polariser, 
the other as analyser (p. 655). The rays which fall on this plate are then polarised by 
the action of the first prism or tourmaline, that is to say, their vibrations are reduced 
to one plane. If this plane is parallel to one of the directions of vibration in the 
double-refracting plate, they pass through it without further decomposition, so that 
only one ray — ordinary or extraordinary, as Jbe case may be — passes through the plate. 
But if the direction of vibration CP {fig. 6ft7Ji of the polariser is inclined at 45° to the 
two directions of vibration Co, C«\ of the double-refracting plate, 
two components, Co, Ce, of equal intensity are obtained. Suppose 
now that the difference of path of the two corresponding rays, after 
passing through the plate, is equal to an even number of half wave- 
lengths; the vibrations will then proceed simultaneously from C 
* towards o and e ; and if the direction of vibration, pq , of the ana- 
lyser is at right angles to that of the polariser, Ps, the vibrations 
Co, Cr, will then yield two equal and opposite components, Cp, 

C q, which will destroy one another. Consequently, if the incident 
light is monochromatic, the Held of view, in this position of the 
analyser, will be dark. If, on the other hand, the polariser and 
analyser are placed with their axes parallel, so that pq coincides with 
CP, the components of Co and Ce wilLboth lie in the direction Or, 
and will strengthen one another, so that the field will be Tight. 

If the difference of path of the ordinary and extraordinary rays is equal to an uneven 
number of half wave-lengths, the vibrations will proceed from <5 simultaneously in the 
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j* tiana Co and O'; consequently, the phenomena just described will be exactly 
dl wlwl the field being dark when the axes of the two tourmalines or Niehol's prisma 
^^ralleL and light when they are crossed. 

al urhpn the incident light is white, it is only particular coloured rays that destroy 
V other completely, or strengthen one another’s effect in the greatest degree; 
ett< * nfl ntlv the field is never dark, but the double-refracting plate appears coloured, 
^f^lours varying according to the thickness of the plate ; and for any particular 
hfekm^ being complementary to one another in the two relative positions of the 
l-nler’aml analyser. When a double-refracting prism (p. BAo) is used as analyser, 
^images are seen, the colours of wliieh are complementary to one another; and if 
,hev arelarge enough to intersect, the overlapping portion is white 
1 When a thin wedge-shaped plate of a double-refracting crystal- gypsum, for ex- 

mnle is Placed between the crossed Nichols prisms or tourmalines, a senes of 

coloured stripes is observed following exactly the order of colours ot Newtons rings 
, 946 \ Xn’the thinnest part, tho wedge is eolonrless, because there the difference of 

n P .th of o and e is only a small fraction of the wave-lengths of all the coloured rays. 
At a somewhat greater thickness, the violet ami blue rays disappear first, and tint 
colour passes through yellowish white and orange into red ot the brat order. Heyoml 
this point the yellow and red raya disappear, and a blue stripe is produced, and so oil. 
When° the thickness is so great that the difference in length of path of u and r amounts 
to a multiple of the wave-lengths of a great number of rays diffused through the 
entire spectrum, the remaining rays together produce white light : heme plates of 
double-refracting substances, above a certain thickness, no longer appear coloured in 
polarised liglit. 8 If, however, the white light which has passed through such a plate la. 
decomposed 8 by a prism, tile resulting spectrum is seen to be traversed by a great 

nH WlTcii°the ’tourmalines or Nichol’s prisms are placed with their axes parallel, tho 
colours produced are complementary to those above described; lienee it is clear that 
unpolarised light can never produce any colours in double-retracting plates, inasmueh 
as it consists of vibrations in all possible azimuths, so that the colour produced by any 
particular set of vibrations is exactly rompemuded by the eomplemcntary colour of 
another set at right angles to the first, the two together reproducing win to .light 

A thin film of gypsum in which it circular cavity of very long radius is made, exhibits 
in polarised right a series of coloured rings exactly similar to Newton s rings 

The order of the colour of any crystalline plate m _ polarised light • may be di rm ned 
by laying it over the above-described wedge, m such a manner that the » of tin | lata 
m»y coincide in its direction of vibration with the e ot the wedge At the place where 
tbo^ plate and wedge give equal differences of path them 

another, so that a black stripe is seen with the tourmalines crossed, and la white i stnp 
if they are parallel. The order of the colour may then be read off on tho w. dge. 

We have hitherto supposed the plate to be placed at right angles I. J - On 

gradnaUy inclining it, the colours change -first hecat.se the reys l ave hen o pas 
through a greater thickness of the plate; secondly, because »• a 6 likewise 

form with the axis or axes of the crystal also var.es, and th.s cireumH.aaee hkew.se 
affects the difference of path corresponding to a given thickness of the crys a . 

Coloured Wtng.—A plate of a double-ref, -acting crystal .cut 
the axia does not exhibit the colours above described w i-n vie , or 

because, in the direction of the axis, the two rays o and e have 

other words, are reduced to one ray. Blit, when di verging ' {J?line tdale placed 
luminous point at a short distance, is made to pass through the crystall ne plat, placed 
between two tourmalines, or when the analysing tourmalin* 1K V ' _ HI- 

close to the eye that the visual rays converge strongly towan s 1 — 
centre of the eye, brilliantly-coloured rings are produce , 
which differs according as the crystalline plate is uniaxial or b, “* s * ; 

A simple apparatus for viewing t hese phenomena cousin s o 1 

of tourmaline capable of rotating in their own planes in > » 

sockets, n, h (fig. 688), fixed to the end of a spring, e, ho i-i _ X 

lino plate, attached to a piece of cork, may be fir inly he < je * 

but still be capable of turning round in its own plane, ,11 

A plate of a uniaxial crystal, such as ealrspar, , cut with p ara lei 
faces perpendicular to the optic axis, exhibits, when ' u « * ( ,c , j 

crossed tourmalines, a series of circular coloured rings. f ^ ' 

black cross (Jig. 689). If. on the other hand, the tourmalines an placed 
with their axes parallel, the cross is white, as in jig- • 
colours are complementary to the former. To unders an< - ^ ^ 

•ion, it is merely neceiary to remember that m the > dtreeUon ot 
(fig- 690 ), the rays o and <t have equal velocities, but that their difference « 
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path becomes greater and greater in proportion as they are more inclined to tt» 
because, in the first place, the difference of velocity of the two rays then become 8 

Fig . 689. Fig. 690. 



unuaUy greater ; and, secondly, because the thickness of the plate which has to be 
traversed by the rays increases at the same time. The colours which, in the wedge 
above described (p. 667), are arranged parallel to the edge are, in this case, grouped in 
concentric circles round the axis, the order of the tints being again that of Newton’s 
rings. 

The vibrations parallel and perpendicular to the axis of the second tourmaline not 
being resolved into two components, there can be no interference along lines passing 
through the centre of the field in those directions. Hence the appearance of the black 
cross when the tourmalines are crossed, and of the white one when their axes are 
parallel. 

The rings are closer together in proportion as the double refraction is stronger, and 
the thickness of the plate greater. 

The colours of the rings change, to a certain extent, according to the rolative amount 
of double refraction for the different coloured rays. A very peculiar character, in this 
respect, is exhibited by apophyllite, which, as already observed, is positive for the blue, 
and negative for the red rays. 

A plate of a biaxial crystal, cut at right angles to the median line, and placed 
between two tourmalines, in such a manner that the plane of the optic axes is parallel 
to the axis of one of the tourmalines, exhibits, when the tourmalines are crossed, the 
system of rings delineated in fig. 691. Tho mode of formation of the black cross is the same 
as that above explained with regard to uniaxial crystals. But, as the difference of path 
of the rays o and e increases with their inclination to both the optic axes, the rings of 
colour embrace both these axes. The form of these rings is nearly that of the lernnis- 
cate, a curve distinguished by the property that the product of auy two radii vectored, 
drawn from the two poles to any noint of the curve, is a constant quantity. On turning 
the double-refracting plate round in its own plane, the whole system of rings turns 
round in the same direction, and the black cross separates into two branches, presenting 

Fig. 691. Fig. G 92. Fig. 693. 



the appearance shown in Jig. 692; and when the plane of the axes makes an angle 
of 46° with the axes of the two tourmalines, the two black bands form branches of 
hyperbola^ as in fig. 693. The general direction of the branches of the black bands 
la always parallel or perpendicular to the plane of primitive polarisation. On con- 
tinuing the rotation of the plate from 46° to 90°, the same appearances are presented 
in the reverse order, and the whole series of changes is repeated in each of the four 
quadrants. 
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When the pol&riser and analyser are placed with their axes parallel, the form of the 
curve8 and of the cross are exactly the same as above, but the colours are complemen- 
tary and the cross is white. 

The preceding figures represent the appearance in crystals, such as nitre, which have 
their optic axes inclined at a small angle not exceeding 5° or 6° ; when the axes are 
more inclined, only half the figure can be seen at once. 

Fig. 694 shows the appearance of the rings formed by a biaxial crystal cut perpen- 
dicularly to one of its optic axes. 

The distribution of the colours in the neighbourhood of the axes shows plaiuly 
whether the angle of inclination of the axes increases 
or diminishes from the violet to the red rays. The for- 
mer is the case in tartrate of potassium, the latter in 
nitrate of potassium. In crystals of the monoclinic, as 
alsoot the di- and tri-clinic systems, even the direction 
of the axes of elasticity is different for the different 
coloured rays: thus in gypsum, diopside, and cupric 
formate, the position of the median line varies accord- 
ing to the colour. In borax, adularia, tartaric acid, ami acetate of sodium, the different 
colours have the same median line, but differently directed ordinates, so that the planes 
of their axes vary with the refrangibility of the light. 

The optical phenomen a exhibited by many biaxial crystals are altered in a very 
remarkable manner by change of temperature. Glauberite, for example, is uniaxial at 
ordinary temperatures for violet light, but. biaxial for all other colours. At lower 
temperatures, the violet axis also splits into two, and the angles between the axes of tlin 
other rays increase. When, on the other hand, the- temperature is raised, the violet 
axis becomes divided in a plane at right angles to the former ; the axial angles of the 
other colours diminish, become nothing, and then likewise* pass into the perpendicular 
plane, in which they are all situated together, even before the temperature rises as high 
as the ljoiling point of water. 

] ^termination of the Axes , — The form of the curves, and of the dark bands which 
cross them, afford the best means of determining the position of the axes in biaxial 
crystals. To find the position of the plane of the optic axes, the crystal, cut in the form 
of a plate with parallel faces, is placed between a polariser and analyser with their 
planes of polarisation crossed, so as to produce darkness, and the plate is turned round 
in its own plane till its presence does not restore the light. Two jxisitious are thus 
found, for which the traces of the primitive plane of polarisation are to la* marked on 
the crystalline plate. These two traces form a right angle, and one of them is situated 
in the plane of the axes. The plate is then turned round in its own plane, till each of 
the traces makes an angle of 46° with the primitive plane of polarisation ; then, by 
inclining it successively round those traces, a position is sought in which the rings can 
In* ser*n surrounding the axes. The plane of the axes is perpendicular to the lino 
round which the plane has been turned to discover the rings. 

Measurement of the Angle between (he Axes . — The most convenient apparatus fortius 



purpose, and for all exact measurements pjg (jij/j. 

of the coloured rings, is that of Soleil, v 

represented in fig. 696. m- 

A beam of light, polarised by reflec- 7 t'eaf V 

lion from the mirror V, which may bo r ^^u w '!rm IfffcDA 

placed at any required inclination by vf 

ne*ans of the joint o, passes through a 

lens, ll, and is brought, to a focus on JlfL?- Lr- 5 jCrzJmlm - Hi 
the crystalline plate c , where the rays 1 ''“y' 

cross each other and issue iu diverging n V, , 

cones. They then pass through an eye- • V * 

piece, rr, IV\ forming at //, the focus ^ ~T - A « 

of the lens /, an image of the curves y ! 1^ M rr-. H LAI “ 

produced by the plate c, and this image B V 

is viewed through the lens /"and the an- B rCp 1 -^^ 

alyser a . At// is placed a micrometer, B 

nt, represented separately at M. It has JeSfe. j\y4J ^ J 

three wires, two parallel to one another, 

perpendicular to the third, and capable 

by a socket capable of turning on a horizontal axis, its rotation being h J* 

divided screw-head, n, and a vernier which is read off by the magnifier v. TOo imp- 
port of the socket is also capable of turning on o, bo that the crystalline plate c may 
placed in any required position. 
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To measure the angle between the axes, it is best to use homogeneous light. The 
crystalline plate c, cut nearly at right angles to the median line, is fixed in the socket 
in such a position that the plane of its axes may be vertical, and the socket is turned 
round in its own plane, so as to bring each of the poles successively to coincide with 
the intersection of the wires of the micrometer. The arc through which the screw is 
turned between the two positions gives the observed angle 2a' between the apparent 
optic axes (p. GG4). From this the real angle between these axes is calculated by the 
equation sin a — f sin a, in which fx is the middle of the three characteristic refractive 
indices for the coloured ray observed. 

SoleiTs apparatus serves also to measure the diameters of the rings; the micrometer 
being capable of turning round on itself, the diameters can easily be measured in any 
required direction. 

Double- refracting structure produced by Molecular Tension . — Glass, gelatin, and 
other amorphous bodies, also crystals belonging to the regular system, acquire the 
double-refracting structure, when pressed, stretched, or heated unequally in different 
parts, and exhibit, when examined by polarised light, coloured bands similar to those 
produced by double-refracting crystals. A rectangular plate of glass laid edge-ways 
oji a very hot iron plate, exhibits, when examined in a polarising apparatus, a series of 
coloured bands parallel to its edges, these bands altering their arrangements as the 
heat is gradually conducted across the plate, and disappearing altogether when it 
becomes uniformly heated all over. A similar effect is produced by placing the glass 
in the same manner on a plate of metal cooled by a freezing mixture, or by subjecting 
it to lateral compression. 

These effects are, however, most strikingly exhibited by unannealed glass — that is 
to say, glass which has been heated and quickly cooled. Glass thus treated has nn 
irregular structure, the parts near the surface having been more quickly cooled tlnm 
the interior parts, and torn away from them, as it were, by the sudden contraction in 
cooling. In consequence of this irregularity of structure, the glass produces double 
refraction on all rays which traverse it, but in different degrees in its different parts, 
whence there results a variable coloration when the glass is viewed by polarised light. 
The figures produced exhibit a symmetry depending on that of the contour of the 
plate. A circular plate of unannealed glass, the structure of which is symmetrical 
round the axis, acts like a uniaxial crystal, exhibiting concentric rings, intersected by 
a black or white cross, according to the relative positions of the polariser and analyser. 
If the structure is not quite symmetrical round the axis, the rings and cross are dis- 
torted. A square plate exhibits a cross with coloured fringes in the angles. An 
elliptical plate exhibits a figure resembling those of biaxial crystals. 

Absorption of Light by Double-refracting Crystals . Dichroism. 

Certain coloured double-refracting crystals, when traversed by ordinary white light, 
exhibit different colours according to the direction of the rays with regard to their axes ; 
thus dichroi’te or iolito (ii. 320) appears of a yellowish white colour inclining to brown, 
or of a fine azure blue, according as the rays traverse it parallel or perpendicular to tho 
axis ; in like manner, chloride of palladium and potassium exhibits either a dark-brown, 
or a fine green colour ; some varieties of sapphire are blue or yellowish green. Some 
green tourmalines appear dark brown-red when viewed along the axis. 

This effect is due to the property possessed by double-refracting media, of absorbing 
polarised rays in different proportions according Jo tho inclination of those rays with 
regard to thoir axes. The tourmaline absorbs completely all rays polarised in a piano 
parallel to its axis, and transmits them in greater and greater proportion as this axis 
is inclined to the plane of polarisation ; moreiW^r it absorbs all the simple rays com- 
posing white light in the same proportion, consequently the transmitted light remains 
always of the same colour, excepting in the case of the green tourmalines above men- 
tioned. But when tho absorption-coefficients of tbe several simple rays vary in dif- 
ferent proportions with the change of direction of the rays in the crystal, the tint 
formed by the mixture of tho unabsorbed rays likewise varies with their inclination 
to the axis. 

Some biaxial crystals exhibit trichroism ; thus certain Brazilian topazes of a yel- 
lowish rose tint in the direction of the median line, are violet -when viewed along tlm 
complementary line, and yellowish white perpendicular to the plane of the axes. 

Babinet has observed that, of the two ra} r s into which an incident ray is divided on 
entering a uniaxial crystal, that which travels most slowly and is therefore most re- 
fracted, is also absorbed in the largest proportion ; in positivo crystals therefore, such 
as tourmaline, it is the ordinary, and in negative crystals, like smoky quartz, it is the 
extraordinary ray which is most absorbed. This law, true in the greater number of 
cases, nevertheless admits of numerous exceptions. Thus, Haidinger observed that 
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the order of absorption is different in the blue and yellow varieties of beryl, although 
both are negative. Beer observed that acid chromate of potassium, cyanite, and certain 
varieties of topaz also form exceptions to the rule ; and that idocrase and cupric acetate, 
which follow the law as regards the blue rays, deviate from it as regards the yellow, 
orange, and red. 

Hagen has demonstrated the following laws regarding the absorption of light by 
double-refracting crystals. 

1. The general law of the decrease of intensity in geometric progression as the 
thicknesses increase in arithmetic progression (p. 636), holds good for double-refract- 
ing, as well as for isophanous media, so that the ratio o : e likewise varies according to 
the same law'. 

2. The ratio o ; c is a continuous function of A, exhibiting, in all the crystals observed, 
a maximum and a minimum. 

3. The variations of o : v are equal on either side of the maximum or the minimum ; 
so that if the maximum or minimum occurs at a particular wave-length A', the values 
of o : c for A' + n and A'— w are equal. 

4. The absolute value and the position of the maximum ami minimum depend upon 
the direction of the plate with regard to the axes of the crystal. 

5. From the mode of variation of the function <> : c, it is probable that, in crystals, 
which form exceptions to Babinet’s law', the exception applies only to certain rays of 
the spectrum. 

Circ u l nr Pol a r ixatio n. 

It has already been pointed out (p. 658), that when two rays of light travelling along 
the same path are polarised in planes at right angles to each other, ami differ in phase 
by a quarter of a wave-length, then if the amplitudes of vibration of the two are equal, 
the molecules of the resultant wave vibrate in circles transversely to tho direction of 
the ray. In this state the ray is said to be circularly polarised, and the pheno- 
mena which it exhibits are the same as if the ray were polarised in one plane, and that 
plane were made to rotate round the direction of the ray as an axis. 

Circular polarisation is exhibited in a remarkable manner by quartz, in which 
it was first discovered. A plate of this substance (which is uniaxial) cut at right 
angles to the optic axis, exhibits when viewed between two tourmalines or Niehol’s 
prisms with their axes crossed, a system of coloured rings similar to those produced by 
ealespar (p. 668); but the cent re of the field of view, instead of exhibiting a black cross, 
is illuminated with brilliant colours, red, yellow, green, blue, &<•., according to the 
thickness of the plate. On turning the analyser on its axis, tho colours in the centre 
go through tho regular prismatic series from red to violet, or the contrary, according 
to the direction of rotation, but no alteration of colour is produced by rotating the 
plate of quartz while the analyser remains stationary. 

To understand those phenomena, wo must exam inn what takes place when homo- 
geneous light is used. Suppose, then, a plate of dark red glass coloured wit h red oxide 
of copper to be interposed between the two tourmalines or Nichol’s prisms, crossed as 
before, so that no light is transmitted by tho analyser. If the plate of (mart a he now 
interposed, a red light immediately makes its appearance, and to render the field again 
dark, it, is necessary to turn the analyser through a certain angle, cither to the right or 
to the left. Hence it follows that the ray which has traversed the quartz must have 
had its plane of vibration deflected through an angle equal to that through which tho 
analyser has been moved. 

Precisely similar effects are produced with yellow, green, violet, or any other kind 
of homogeneous light ; but the angle of rotation varies according to the nature of tho 
ray, being least for red and greatest for violet light. 
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Some crystals of quartz rotate the plane of polarisation of a ray to the right, ot here 
to the left; the former are called right-handed, the latter left-handed quartz. But in 
whichever direction the rotation takes place, a plate of quartz of given thickness always 
produces the same amount of angular deviation for a ray of given refrangibility ; ami 
for plates of different thickness the deviation for any particular ray increases in direct 
proportion to the thickness. The preceding table gives the angles of deviation for tlu> 
principal rays of the spectrum produced by plates of quartz of the thickness of 1 milli- 
metre and 3*75 millimetres. 

Biot found by observation that the angles of rotation for the different simple colour* 
are nearly proportional to the squares of the indices of refraction, or inversely as tlm 
squares of the wave-lengths. This law is approximately true also for moat substance* 
which exhibit circular polarisation, while some, on the other hand, exhibit remarkable 
deviations from it : thus an aqueous solution of tartaric acid deflects the green rays 
more than the violet ; and an alcoholic solution of camphor, though it deflects the seve- 
ral coloured rays in the order of their refrangibility, produces a much greater difference 
of deviation between the less and the more refrangible rays than that which is indicated 
by Biot’s law. 

We can now explain the succession of colours produced when ordinary daylight is 
used. Suppose a beam of white light, polarised by a Nicholas prism, whose principal 
action is parallel to A A' (fg. 696), to pass through a plate of right-handed quart/. 

3 75 mm. thick. The vibrations of the several coloured 
rays composing the beam of polarised light are all at 
first parallel to A A'; but by passing through tin- 
quartz, their planes of vibration are deflected through 
the several angles given in the above table, the red 
ray then vibrating in the line r r', the yellow in y //’. 
the violet in v v\ &c. Now, let the ray l»e viewed 
through another Nichol’s prism, placed with its prin- 
cipal section also parallel to A A ; then on resolving 
each of these vibrations into two others, one parallel 
and the other perpendicular to A A', it will be seen 
that the red and violet rays will be transmitted with 
but. slightly diminished intensity, the orange and blue 
with less, the yellow still less, and the green not at 
all. The result will, therefore, be a purple tint. Now 
let the eye-piece be turned from left to right. As the 
principal section passes successively over the lines r r\ 
o o\ &c., the red, orange, yellow, &c., will, in succes- 
sion, be more fully transmitted than the other rays, so 
that a series of tints will be produced, agreeing nearly 
with the colours of the spectrum and following in the same order, from red through 
yellow to violet. If the analyser be turned the contrary way, the order of the tints 
will be reversed. If the quartz were left-handed, the phenomena would be precisely 
similar, excepting that the colours would change from red through yellow to violet 
when the analyser was turned from right to left. 

Similar changes of colour are produced with a plate of quartz of any other 
thickness ; but the tint produced at any given inclination of the polariser and eye-piece 
is, of course, different. 

The tint produced with a quartz-plate 375 mnf. thick, when the principal sections 
of the polariser and analyser are parallel to one another, deserves particular notice. 
As already observed, it is a purple, and, mo&uyer, it changes very quickly to red 
or to violet, when the analyser is turned one way or the other, the change of colour 
thus produced being, in fact, very much more rapid and decided than in any other 
part of the circuit. This peculiar tint is accordingly distinguished by the term 
sensitive tint, or transition tint ( couleur sensible , tcintr de passage'). On account 
of the facility and certainty with which it may be recognised, it is frequently adopted 
as the standard tint in measuring the angles of rotation produced by different sub- 
stances ; it is, in fact, much easier to determine when this particular colour makes its 
appearance, than to seize the exact moment when a ray of red, yellow, or other 
homogeneous light completely disappears. 

The rotatory power of quartz is essentially related to its crystalline form, as will be 
more fully explained hereafter. It is not exhibited by opal, or any other amorphous 
variety of silica, or by silica dissolved in potash, or fused by the oxyhydrogen blowpipe. 
The same is true with regard to a few metallic salts possessing the rotatory power, 
via, chlorate of sodium, bromate of sodium, and sodio-uranic acetate, these salt* 
exhibiting that power only when crystallised, not in solution. 

Circular polarisation in organic bodies. — The power of rotating the plane of vibrw 
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tion of a, polarised ray is much more widely diffused among organic than among 
inorganic bodies ; moreover, organic substances possess it in the liquid, as well as in 
the crystalline state. Among organic compounds which rotate the plane of polarisation 
to the right, may be mentioned: Cane-sugar, glucose, diabetic sugar, milk-sugar, 
dextrin, camphor, asparagtn, cinchonine, quinidine, narcotine, tartaric acid, camphoric 
acid, aspartic acid, oil of lemons, castor-oil. croton-oil. The following rotate to the 
left: Sugar of fruits, starch, albumin, amygdalin, quinine, nicotine, strychnine, brucine, 
morphine, codeine, malic acid, antitartaric acid, oil of turpentine, oil of valerian. 

By passing a polarised ray through tubes of different lengths, filled with the same 
solution of cane-sugar, or other rotatory substance, it is found that the angle of devia- 
tion is proportional to the length of the column of liquid ; and, by filling the same tube 
with solutions containing different quantities of sugar, &e., it is found that the angle ot 
deviation is proportional to the quantity of the substance contained in a column of 
given length. Generally, then, the angle of deviation is proportionate to the number 
of active particles which the light has to pass. 

If, then, « bo the quantity of active substance contained in a unit of weight of the 
solution, l tlio length of the column, and a the observed angle of rotation for a par- 
ticular tint — the transition-tint, for example. — the angle of rotation for the unit of 
length, supposing the entire column to bo filled with the optically active substance, 

will be But as the solution of a substance is often attended with condensation 

tl 

of volume, it is best, in order to obtain a measure of the rotatory power, independent 
of such irregularities, to refer the observed angle of deviation to a hypothetical unit 

of density, that is to say, to divide the quantity -®- by the density, 5, of the solution. 

The fraction thus obtained, viz. [a] = is called tho specific rotatory power, 

f l o 

and expresses the angle of rotation which the pure substance, in a column of the unit 
of length and density — 1, would impart to the ray corresponding to t he transition-tinf, 
For example, a solution containing 155 milligrammes of cane-sugar in a gramme of 
liquid, has a specific gravity =* 100, and deflects the transit ion-tint by 24°, in a column 
20 centimetres long ; its spe cific rotatory power is therefore 

24 

M = 0155 . 20 . 1 00 “ r3 * 

Tho apparatus used for measuring the rotatory power of liquids consists of a glass 
tube, surrounded with a case of wood or brass, and closed at both ends with plate-glass 
discs ground to fit water-tight, and pressed against the tube by means of screw-caps. 
The tube, being completely filled with the liquid, is placed on the supports, between 
two Nicholas prisms, one of which serves as pilarisor, the other as analyser. Tho 
latter carries a vernier moving round a graduated circle. The simplest way of using 
this apparatus is to interpose between the tube and the polariser a glass coloured with 
red oxide of copper, ihe tint of which corresponds with the red of the fixed line C of 
the spectrum, and, having set the analyser with its principal section at right angles to 
that of the polariser (which makes the field of view dark so long as the tube is not 
interposed), adjust the tube in its place, and turn the eye-piece round till the red light 
completely disappears. The angle through which the eye-pieco is turned measures tho 
deviation produced by the liquid. 

The direct measurement of the rotation of the ml ray is not, however, always the best 
mode of observation, because, as already observed (p. f*72), it is difficult to tell will) pre- 
cision when the light completely disappears. For this purf/ose, there is introduced behind 
the polarising prism, instead of the red glass, a plate of quartz 3'75 millimetres ithick, 
which, when the polariser and analyser ure set with their principal sections parallel, 
exhibits the transition-tint. The interposition of the circularly polarising liquid causes 
this tint to change, and the rotation is measured by the number of degrees through 
which the prism must be turned to show the transition-tint. 

Greater exactness is obtained by using a double plate of quartz 3 75 millimetres 
'hick, one-half being composed of right-handed, the other of left-handed quartz. Such 
a plate exhibits the transition -tint with perfect uniformity on both halves, when the 
polariser and analyser sre set with their principal sections parallel ; but on turning tho 
analyser to the right, one-half of the plate inclines to red, and the other to blue. The 
same change will *of course, take place on introducing the tube containing the circularly 
polarising liquid ; and to restore the uniformity of tint, the analyser must be turned a 
certain number of degrees the contrary way. If the liquid has but a slight rot atory 
power, this method is quite satisfactory ; but if the rotatory power is considerable, an 
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error may arise from the different angles of station imparted to the different-coloared 

To obviate this source of inaccuracy , a contrivance called the compensator has 
been invented by SoJeil, which, together with the ocher parts of his apparatus — called 
it saccharimeter, being especially adapted to the estimation of the strength of 
saccharine solutions — -is represented in Jiy. 097. The tube T, containing the saccharine 

solution, or other liquid to be 
„ A r ^ * examined, is placed between 
two perforated diaphragms, 
one of which, D, is fixed, while 
the other, D\ can be removed 
at pleasure to a greater dis- 
tance from D, towards which 
it is again pressed by a spring, 
shown in section at p: this 
arrangement keeps the tube in 
position, and facilitates its 
adjustment. The incident 
light is polarised by the 
aebromatised calc-spar prism 
n, one image of which is in- 
tercepted by a screen. At n 
is a double plate of quartz, 3 7 •'» 
millimetres thick, a front view 
of which is shown at gd — one- 
half, d, being dextro-, and the 
other half, //, lae vo-rotatory. 
The light having traversed this 
double quartz-plate and then 
the tube T, arrives at a quartz-plate, q , cut perpendicularly to its axis, then passes 
through the compensator, r, is analysed by the double -refracting prism, a, and is 
finally viewed through the small telescope, LL. 

Kit' is a horizontal section of the compensator, consisting of two quartz prisms 
perpendicular to the axis, and of contrary rotation to the plate q. These prisms can 
slide one over the other horizontally, and in contrary directions, so as to vary the 
thickness which the modified light has to traverse. They are set in motion by a 
toothed pinion fixed to the buttou l>, and acting on two racks adapted to the lower pact 
of the mounting of the prisms. One of these mountings carries an ivory scale, r, 
represented separately at E ; the other, a vernier, which slides along the scale, and 
serves to measure the opposite displacements of the two prisms. When the zeros of the 
scale and vernier coincide, the two prisms are opposite to one another, and their thick- 
nesses are together equal to that, of the plate q , the rotatory power of which is therefore 
neutralised by them. The analyser may then be turned by means of the endless screw, 
t\ into such a position, that the two halves of the double quartz-plate, g d, may exhibit 
the sensitiv^iat. If the tube T, containing the liquid, be then put in its place, the 
two halves, tf^iTMhen exhibit very different colours ; and to restore them to equably 
the compensator, r t mu??t*hqso adjusted as to produce, together with the plate q, an 
inversion opposite to that orfate4i4iud, either by increasing the thickness of the double 
prism, r, or diminishing it, so as toSttawthe action of the plate q to predominate. 
The direction in which the vernier is movetTifyii^i.fJmruIe, which is marked with two 
series of divisions on opposite sides of the s^wp pomt^Hwliggies the direction of the 
rotation exerted by the liquid, and the displacement of the verftfrr the angle of 
deviation when the thickness of quartz corresponding to one divis 
known. These divisions are usually made to correspond with the tenth of i 
metre ; the vernier indicates the tenth -of these, so that the estimation may be made 
to the hundredth of a millimetre. The half of this quantity suffices to produce an 
appreciable difference of tint in the two halves of the double quartz-plate. 

When either the light, or the liquid in the tube, is coloured, this colour, added to that 
produced by the polarisation, modifies the sensitive tint, and diminishes the accuracy 
of the observation. To neutralise this colour, Sole i l places at the extremity, K, of the 
instrument, a double-refracting prism, n, and a quartz-plate, ?, fixed in a socket, which 
can be turned round in its own plane by means of a toothed wheel or pinion, f, and 
the button B. This plate is interposed between the two prisms n and c, the second of 
which acts as analyser, and yields a colour which may be varied by turning the prism 
H, so that a position of this prism may be found which gives a tint capable of sensibly 
neutralising that of the liquid, or of the light employed. 

As the apparatus above described requires tlio observation of the transition-tint, its 
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results are exact only when applied to liquids which disperse polarised light according 
to the same law. Now Biot has shown that this is the case with saccharine solutions, 
to which, indeed, Soleil’s apparatus is especially adapted; but with other liquids, such 
as aqueous tartaric acid, whose rotatory power for the different coloured rays 
■ docs not follow Biot’s law (p. 672), the observation of the transition-tint does not give 
good results. With such liquids it is best to resort to the simpler modo of observation 
previously described (p. 673), using homogeneous light. 

Relation between Optic al Rotatory power and Crystalline form . — Circular polarisa- 
tion appears to depend on a certain want of symmetry in the molecules of the medium 
through which the rays pass : in fact, all crystals which exhibit circular polarisation 
are hemihcdral or tetartohedral. This is remarkably the ease with quartz, which is 
a combination of the opposite rhombohedrons + R and — Jt with the hexagonal 
pr|pm oo It, some varieties of it exhibiting hemihedral and tetartohedral com- 
binations (Crystallography, it. 143, jig. 268). Moreover the six faces y (6PJ), 
which are unequally inclined to those 
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of the prism, are not always placed 
alike, occurring in some crystals on 
the right of a prismat ic face above, and 
on the left below, and the contrary in 
others, as shown in figs . 698, 699. 

The two forms of crystal thus produced, 
though their faces are alike in number 
and in form, are not superposible, but 
one may he regarded as the reflected 
image of the other. The crystals of 
tho ono kind exhibit dextro-rotatory, 
those of the other leevo- rotatory 
power. The same kind of opposite 
tebirtohedry, accompanied by a cor- 
responding opposition of optical ro- 
tatory power, is found also in other 
t todies which exhibit circular polarisa- 
tion. 

Tartaric acid and its salts turn tho plane of polarisation to the right; racemic 
acid, which is identical in chemical composition with tartaric acid, and agrees with it 
in nearly all its chemical relations, has no action whatever on polarised light, cither in 
the free state, or when combined with bases. Now, the crystals of tartaric acid and 
the tartrates are hemihedral ; those of racemic acid and the racemates, with one 
e xception, are holohedral. The exception alluded to is the racemate of sodium and 
ammonium. A solution of racemate of sodium and racemate of ammonium, in equiva- 
lent proportions, yields by evaporation, crystals of a double salt, the form of which is 
represented in figs. 700, 701. 

It is a right rectangular prism, P, M, T, 
having its lateral edges replaced by the faces 
l>\ and the intersection of these latter faces, with 
the face T, replaced by a face h. If the crystal 
were holohedral, there would be eight of these 
faces, four above, and four below ; but, as the 
figures show, there are but four of them, placed 
alternately : moreover, these hemihedral faces 
occupy in different crystals, not similar, but 
opposite positions ; so that, as in the case of 
quartz, the one kind of crystal is, as it were, the 1 
reflected image of the other. 

But further; by carefully picking out the 
two kinds of crystals, and dissolving them 
separately in water, solutions arc obtained which, at the game degree of concentration, 
exert, equal and opposite actions upon polarised light, the one deflecting the plane of 
polarisation to the right, the other, by an equal amount, to the left. Moreover, the 
solutions of the right and left-handed crystals, yield hv evaporation, crystals, each of 
its own kind only; and by mixing the solutions of these crystals with chloride of 
calcium, calcium-salts are obtained, which, when decomposed by sulphuric acid, yield 
acids, agreeing with each other in composition, and in every other respect, except that 
their crystalline forms exhibit opposite hemihedral modifications, and their solutions, 
^hon reduced to the same degree of concentration, exhibit equal and opposite effects 
011 polarised light. 


Fig. 700. 


Fig. 701. 
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Of the two acids thus obtained, the one which turns the plane of polarisation to the 
right is identical in every respect with ordinary tartaric acid ; the other is called anti, 
tartaric acid. The two acids are also distinguished asdextro- andlaevo-racemic, 
dextro- and laevo- tartaric acid. When equal weights of these two acids are dissolved 
in water, and the solutions mixed, a liquid is obtained, which has no action whatever 
on polarised light, and yields by evaporation, holohedral crystals ofracemicacid. A 
similar result is obtained by mixing equal quantities of any of the salts of the two 
acids, excepting the double salt of sodium and ammonium. 

Hence it appears that racemic acid, a body which has no action upon polarised light, 
and crystallises in holohedral forms, is a compound of two acids (tartaric and antitar- 
taric), which have equal and opposite effects on polarised light, and crystallise in 
similar but opposite hemihedral forms. These acids differ also in their pyro-eleotric 
relations. The crystals of both become electric when heated, but the corresponding 
extremities of the two exhibit opposite electrical states. Racemic acid is not pyro- 
electric. 

Tartaric acid may be converted into racemic acid by the action of heat, provided 
only it be associated with some substance which will enable it to bear a somewhat high 
temperature without decomposing. There are many substances whose effect on 
polarised light is altered by heat. This is remarkably the case with the alkaloids of 
cinchona bark. When cinchonine, or any of its salts (which rotate to the right), 
is heated in such a manner as not to produce decomposition, it is transformed into an 
isomeric alkaloid, cinchonicine, which turns the plane of polarisation to the left. 
Similarly, quinine, which rotates the plane of polarisation to the left, is converted by 
heat into quinicine, which turns it to the right. Now, when tartrate of cinchonine 
is heated, it is first converted into tartrate of cinchonicine, and if the heat be then con- 
tinued, the change extends to the tartaric acid, half of which is converted into anti- 
tartaric acid. If the process be stopped at a certain point, and the fused mass treated 
with water, a solution is obtained which yields, first, crystals of antitartrate, and after- 
wards, of tartrate of cinchonicine. But if the heat be longer continued, the two acids 
unite, and form racemate of cinchonicine, from which racemic acid may be prepared, 
identical in every respect with ordinary racemic acid, and separable by the same means 
into the two opposite tartaric acids. 

But, what is very remarkable, there is formed at the same time a modification of 
tartaric acid, which has no action whatever on polarised light, and yet is not separable 
into the two opposite acids. In fact, when the fused mass obtained by heating tartrate 
of cinchonine is treated with water, and chloride of calcium added, a precipitate is 
formed, consisting of racemate of calcium, and the filtrate, if left at rest, deposits crystals 
of the calcium-salt of inactive tartaric acid. 

There are other organic compounds, which are also optically active in their ordinary 
forms, but exhibit inactive and inseparable modifications. Malic acid, as it exists 
in fruits, turns the plane of polarisation to the right; so likewise does aspartic acid, 
obtained by the action of acids and alkalis on asparagin. Now, both these acids may 
be formed from f u m ar i c a c i d, an optically inactive substance. Acid fumarate of ammo- 
nium is C 4 H 8 (NH 4 )0 4 *=* C 4 H 7 NO\ which is also the formula of aspartic acid, and this 
acid is actually formed by heating the acid fumarate of ammonium. But the aspartic 
acid thus produced is, like fumaric acid, optically inactive. Again, aspartic acid is 
converted into malic acid by the action of nitrous acid : 

C 4 H 7 N0 4 -i- UNO* = C 4 II s 0 5 + N 3 + H s O. 

Both active and inactive aspartic acids undergo this transformation; but active 
Aspartic acid ^fields active malic acid, and inactive aspartic acid yields inactive malic 
acid. Neither inactive aspartic nor inactive malic acid can be separated into two acids 
oppositely active. 

Common oil of turpentine possesses considerable dextro-rotatory power; but 
the isomeric substance obtained by heating the artificial solid camphor of turpentine 
with quicklime is optically inactive. 

Fusel oil has been shown by Pasteur to be a mixture of two kinds of amylic 
alcohol, which differ slightly in boiling point. One of these acids is optically active, 
the other inactive. 

Circular Polarisation induced by Magnetic action. — Faraday, in 1845, made the im- 
portant discovery, that bodies which, in their ordinary state, exert no particular 
action on polarised light, acquire the power of circular polarisation, when subjected to 
the influence of powerful electric or magnetic forces, A polarised ray passing along 
the axis of a prism or cylinder of a transparent substance, such as water or glass, has 
its plane of polarisation deflected to the right or left, as soon as the medium is sub- 
jected to the action of an electric current passing round it at right angles to the ray, 
or to that of two opposite magnetic poles (permanent or electro-magnetic), so placed 
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that their line of junction coincides with the direction of the ray. The rotation ceases 
as soon as the electric or magnetic force ceases to act ; its amount varies directly as 
the streugth of the current, and its direction changes with that of the current or of the 
magnetic force. If the medium has a rotatory power of its own, the total effect is 
equal to the sum or difference of the natural and induced rotations, according as the 
electric or magnetic force acts with or against the natural rotatory power of the 
medium. (Faraday, Phil. Trans. 1846, p. 1.) 

These remarkable phenomena, which led to the discovery of the universality of 
magnetic action, have since been followed out in greater detail by Pouillct, E. Bec- 
querel, Wiedemann, Matthiessen, Verdet, and others. 

Verdet(Ann. Ch. Phys. [3] xli. 370 ; xliii. 37) has confirmed Faraday’s result relat- 
ing to the proportionality of the rotation to the magnetic force ; and has also shown 
that when the magnetic force acts obliquely to thn ray, the rotation of the plane of 
polarisation is proportional to the cosine of the angle, contained hetwem the direction of 
the ray and that of the magnetic action ; in other words, the rotation is proportional to 
the component of the magnetic force which is parallel to the ray . In accordance with 
this law, the action is greatest when the direction of the magnetic force coincides with 
that of the ray, and is reduced to nothing when it acts at right angles to the ray. 

Direction of the rotation. — Faraday found that the direction of the induced rotation 
is the same as that of the acting electric current, or of an electric current which would 
induce the acting magnetic polarity. This law is true with regard to all diamagnetic 
substances; but Verdet has shown that in certain magnetic bodies the direction of the 
induced rotation is opposite to that of the current. This inverse or m native rotation 
is exhibited by the salts of iron, titanium, cerium, and lanthanum ; whereas those of 
nickel, cobalt, and molybdenum exhibit positive, rotation, that is, in the same direction 
as the current; while of manganese salts, some exhibit positive, others negative rota- 
tion. When a salt, such as ferric chloride, which exhibits negative rotatory power, is 
dissolved in water, which is positive, the negative rotation actually produced increases 
with the strength of the solution ; the same salt dissolved in alcohol, ether, or wood- 
spirit, which produce much less positive solution than water, exhibits a still greater 
negative rotation. 

Magnetic rotatory powers of different substances. — All the liquids and transparent 
non-crystalline solids on which Faraday experimented, exhibited more or less magnetic 
rotatory power. According to Matthioasen (Pogg. Ann. Ixxiii. 6/5, 71; Compt. 
rend. xxiv. 969 ; xxv. 200), this power is not exhibited by fused phosphoric arid, flint, 
agate, or fluoride of calcium. Crystallised bodies in general do not exhibit it ; rock- 
salt, howover, is susceptible of it in a very high degree. Mercuric chloride, enrbonute of 
lead, and chromate of lead are quite unsusceptible of magnetic rotatory power, when 
crystallised, but exhibit it strongly in the amorphous state. 

Faraday’s heavy glass (boro-silicate of lead) was formerly regarded as the substance 
most highly susceptible of magnetic rotatory power ; but Matthiessen has shown that 
several other kinds of glass exhibit it in a still higher degree. The greatest rotatory 
power is exhibited by the silicates, and perhaps by the chlorides. Among bases, oxide 
of lead is the one which, when introduced into glass, produces the greatest increase of 
magnetic rotatory power; then follow the oxides of bismuth, antimony, zinc, mercury, 
silver. Magnesia, strontia, and baryta do not appear to exert any influence ; lime, 
potash, and soda diminish the effect. 

Berlin (Ann. Ch. Phys. [3] xxiii. 6) has obtained the following values of the mag- 
netic rotatory powers of several substances, as compared with that of Faraday’s heavy 
glass: 


ITeavy glass . . . .100 

Ouinand’s flint-glass . . .87 

Matthiesscn’s flint-glass . 89 

Common flint-glass . . Z53 

Stannic chloride . . . .77 

Sulphide of carbon . . .74 


Trichloride of phosphorus . 

. 61 

Solution of chloride of zinc . 

. 66 

Solution of chloride of calcium 

. 45 

Water 

. 26 

Alcohol at 36° . . . 

. 18 

Ether 

. 15 


The dispersion of the different coloured rays by magnetic rotation in flint-glass 
(Berti n) and in oil of turpentine (Wiedemann), follows the same laws as in circular 
polarisation, produced by quartz (p. 672). 

Cause of the Magnetic Rotatory action. — Faraday at first attributed the observed 
effects to the direct action of the magnet on the rays of light; but further research 
convinced him that the rotation of the plane of polarisation is due to a temporary 
modification in the molecular structure of the transparent medium, induced by the 
Action of the current or magnet. In accordance with this view, it is found that any 
cause which interferes with molecular displacement, likewise impedes the development 
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of the rotatory power by magnetic action : hence it is that this power is but rarely 
developed in crystals. The development of this power is likewise hindered by pres- 
sure, but favoured by heat, which increases the spaces between the molecules, and 
thereby facilitates their displacement by magnetic action. H. W. 

UOHT, CHEMICAL ACTION OF. A large number of substances suffer 
chemical change on exposure either to sunlight or to certain artificial sources of light; 
the action thus effected is said to be chemical action induced by light. The undulatory 
or mechanical theory of light and heat easily explains this peculiar action of light, 
inasmuch as this theory supposes, in accordance with the principle of the conservation 
of energy, that the rapid vibrations of the luminiferous ether, giving rise to what wo 
term light, are transferred to the smallest particles of the material substance, thus 
producing the chemical change. Amongst the most striking effects of the chemical 
changes effected by the action of light may in the first place be mentioned the action 
by light upon the salts of silver, giving rise to all the marvellous results of photography; 
and secondly, the conversion of the carbonic acid gas contained in the air into its con- 
stituent elements, by plants in sunlight, a chemical decomposition upon which the 
Whole living world depends. 

The peculiar blackening which exposure to light effects upon chloride of silver was 
observed as early as the middle of the sixteenth century, but the explanation of the 
phenomenon was first given by Scheele in the year 1777 ( Von der Luft und dmn 
Feuer, Leipsic, 1784, p. 64). lie clearly proved that when chloride of silver is exposed 
to light, a black substance, insoluble in ammonia, but soluble in acids, is formed, whilst 
at. the same time hydrochloric acid is set free ; and hence Scheele concluded “ that thn 
blackness which the luna cornua acquires from the sun’s light is silver by reduction.” 
Scheele likewise proved that the variously coloured solar rays do not affect silver-salts 
ill the same degree, and that the chloride of silver is blackened sooner in the violft 
than in any other of the rays. The theory of the decomposition of silver-suits by 
light has made but slight progress since these first experiments of Scheele, in spite of 
the enormous development wliich practical photography has attained; and even at the 
present day, as regards the chemistry of the photographic processes, we are unable to 
advance far beyond Scheelc’s three fundamental discoveries, (1) the production of a 
black powder insoluble in nitric acid, (2) the formation of free hydrochloric acid, 
(3) the specific activity of the violet rays. 

The first definite experiments made on the chemical action of light upon vegetation 
wero those of Priestley. This acute roasoner and active experimenter showed ( Experi- 
ments and Observations on Different Kinds of Air, Birmingham, 1790, p. 293), t hat it 
is only in presence of light that plants are able to decompose the carbonic acid of the 
air, assimilating the carbon, and liberating the oxygen, and thus purifying a closed at- 
mosphere rendered impure by the respiration of animals or by the burning of a candle. 
These results wero Boon afterwards confirmed and enlarged by the labours of many 
chemists and botanists, amongst others by Ingenhousz, Decandollc, Saussure, and 
Ritter, and thus by degrees the grand relations of the atmospheric equilibrium of 
animal and vegetable life became apparent. It is, however, only within the last few 
years that the immediate dependence of all terrestrial life upon the solar radiations has 
been universally admitted. We now know that the animal, through the vegetable, 
derives its power from the sun ; that it is the rapidly vibrating solar rays whicli are 
absorbed by plants and stored up in* them, to be given out again in the various forms of 
energy, either animal or mechanical, upon the destruction of the vegetable organism 
by oxidation. Only the most rapidly vibrating .of the solar rays are able, as a rule, 
to effect chemical change, and hence those vipletor most refrangible rays have received 
the special name of the “chemical rays ; there is, however, no difference in kind 
between these and the other solar radiations, flrey all differ only in wave-lengths and in 
Intensity of vibration. 

Measurement of the Chemical actiom of Light. 

The measurement of the chemical action of li^ht and the investigation of the laws 
which regulate these important actions are subjects which have naturally attracted 
considerable attention. The first person who succeeded in measuring, although but 
roughly, the chemical action of light was Dr. Draper of New York. He employed for 
this purpose a reaction originally observed by Gay-Lussac and Th^nard, that chlorine 
and hydrogen when mixed in equal volumes, do not combine in the dark, but when 
exposed to dififtised light, gradually unite, and even combine so rapidly as to produce 
an explosion when placed in direct sunlight. Draper constructed an instrument by 
which the quantity of hydrochloric acid formed by the action of light during a given 
time could be approximately determined, and although the method which he employed 
was very incomplete, his experiments led him to the first great law of photo-chemical 
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_i«. that the chemical action of light varies in direct proportion to tht «*- 
t/ie light, and to the time of the exposure. The subject of the measurement 
rTThe chemical action of light has been placed upon an exact scientific basis bjr 
?L searches of Bunsen and Boscoe. For the detailed description of the methods 
and for many of the results which these chemists obtained, wo must refer to 
tWr° original memoirs (Phil. Trans. 1857, pp. 355 381, 601; 1859, p. 879; 1862 
1891 as wo can hero only give a short summary of the principles upon which their 
modes of measuring the chemical act ion of light are founded, and a statement of some of 
mnrfl imnortnnt. results to which they liave boon led. 

Description of the Chlorine, and Hydrogen Chemical Photometer of Dun sen and 
no s CO€ J^This instrument is founded on the same principle as the photometer of Draper, 
that of the combination of a mixture of chlorine and hydrogen when exposed to light, 
but jdiffers from Draper’s instrument in being capable of giving accurate and 
trustworthy measurements, inasmuch as certain necessary conditions for giving 
exactness to the indications arc fultillod. These consist mainly in ho perfect unif«v 
nuty of the gaseous mixture, constancy of pressure on the gas and liquids throughout 
Apparatus, and elimination of the disturbing action of radiant heat This .ort 
delicate chemical photometer is represented in Jig. 702. It consists essentially ot Hire© 


Fig. 702. 





parts ; namely, firat the apparatus in which the sons, live gas is pnerabal by th* 
electrolysis of hydrochloric acid ; secondly, the apparatus m which the H IW 
to light, and thirdly, the apparatus in which the volume of hydrochloric j>rodu^d 
in a given time is read off. The mixed gas, consisting of hydrogen an t » < 
volumes, is evolved from hydrochloric acid in the glass vessel a contmmng two^rbon 
poles, by means of the four cells of the Bunsen battery C. By he n o o ffy IP ? ' * 

the current of electricity can be greatly weakened at pleasure, an a e e ° a 

in the vessel a reduced to a small amount. The mixed gases pass rmn ^ -outal 

through the water contained in the washing-bulbs v\ and thence V K . , auuv m 
tube provided with a glass stopcock s, into the insolation vessel t in nrotect 

are eiposed to the action of light The lower half of this vessel is hh^kone to protect 
it from the action of tho light. From the insolation vessel, t ifl ga J. p , . j e wrtter 

horizontal measuring tube k provided with a millimetre scale, t it* K , ^ 

in the vessel l, and finally into a cylinder filled with slaked Inland c haremd to absorb 
the clilorine. When the gas is allowed to pass through the nppa » , » . on 

<*, i and l gradually become saturated with the gas ; but as i . DHgg 

the composition of the gas varies, and it is only after the gas has <o ntmu 1 to pass 

through for three or four days that the lie, aids become 

mixture consists of exactly equal volumes of hydrogen and chlo '• ronlinuaUv 

cess of saturation, the photochemical sensitiveness of ie ga* * ^ reaches its 

until, when the absorptiometric equilibrium is attained, the Hcmsitiven . 

maximum degree and the apparat us is ready for wj e * re , n , . » n i )(K ,rtfft- 

for weeks, and only requires a short saturation each day previo .. . j- ^ ^ 

tion. The observations arc made by closing the stop-cock s, 

act on the gas in the upper part of the vessel i. Combination then occurs 

hy a diminution of vofurae, owing to the absorption by the water of ^ th^iydrochlmnc 

arid formed, so that the atmospheric pressure forces the water 

towards i. The rate of movement of the column of water pe ^ the „ 

nution of volume, and therefore the chemical action effected. 

in the jar in the insolation-vessel and measuring-tube during t objer '*££**• 
necessarily uniform, from the construction of the apparatus , bu the interval 

that uniformity of pressure be insured in all other parts o <- PI 
Vol. IIL XX 
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between the observations ; otherwise the composition of the gaseous mixture will be 
altered, and the results will be no longer exact This uniformity of pressure is in- 
sured, by making the gas pass, after the stop- cock a is closed, through the bent tube 
m v, containing water, and thence through the tube A, which dips under the water in 
the vessel E, the pressure being regulated by raising or depressing the tube through 
the caoutchouc mouthpiece t. When the stop-cock is open the gas will pass either 
through the insolation vessel or through the pressure-regulator F, according to the 
depth to which the tube A is immersed in the water. 

To prevent any disturbance from the effects of radiant heat (for the instrument acts 
as a delicate air-thermometer) the light from a coal-gas flame, or other source, having 
been condensed by the convex lens M, is made to pass through the cylinder N, closed 
with plate-glass ends, and filled with water. A screen is also placed in front of tho 
insolation vessel to prevent radiation of heat from the body of tne observer ; and this, 
together with the screen L, serves to prevent radiation from external objects, Itfwns 
found by experiment that tho heat evolved by the combination of the mixed gases did 
not exert any sensible influence upon the results. The whole of the apparatus between 
a and l is connected by ground-glass joints, or by fusion, no caoutchouc or other 
organic substance, which could be acted upon by chlorine, being introduced, except 
where the waste gas is carried off. The instrument, when thus arranged, is extremely 
delicate; the light emitted from a small straight flame of coal-gas, 42 mm. in height, 
placed at a distance of 216 mm. from the insolation vessel, producing an action repre- 
sented by the motion of the column of water over nearly 14 divisions of the scale in 
ono minute. The several indications obtained agree closely with each other, and show 
that the instrument gives both accurate and trustworthy results. Thus tho action 
effected by a coal-gas flame of constant dimensions on different days was as follows: 


Date. 


Action in 1 minute. 


Difference from 
mean. 

June 11 


14'00 

. 

. + 001 

„ 12 . 


1426 


. + 0'35 

„ 13 . 


13 80 


. - O il 

„ 19 . 


13-83 

. 

. - 0 08 

„ 21 . 


13-88 


. - 0-03 

„ 26 . 


13-72 


. - 0-19 


13-91 


Observations made with the constant flame placed at different known distances from 
the insolation vessel, proved that tho amount of tho chemical action varied inversely as 
the square of the distance ; and experiments made in September with a flame of the 
same dimensions as used in June, gave results agreeing most exactly with those obtained 
three months previously. 

Photochemical Induction. — When the gas is exposed to light, the quantity 
of hydrochloric acid does not at once attain the maximum. A certain time always 
elapses before any alteration of volume is observed ; a slight alteration is, however, 
soon noticed, and this gradually increases until the permanent maximum is attained. 
This remarkable fact was first observed by Uraper, who explained it by supposing that 
the chlorine, on exposure to light, underwent a permanent allotropic modification, in 
which it possessed more than usually active properties. Bunsen and Ruscoe have, 
however, shown that neither chlorine nor hydrogen, when separately insolated, under- 
goes any such modification, no difference indeed being perceptible between the action 
of light on the gases which have been sopaqjhtely insolated before mixing, and on a 
mixture of the same gjises evolved, and previously kept in tho dark. The light appears, 
therefore, to act by increasing the attraction between the chemically active molecules, 
or by overcoming certain resistances which oppose their combination. This peculiar 
action is termed photochemical induction. The authors have fully investigated 
the laws of photochemical induction, and have determined the relation existing between 
the intensity of the light, the mass of the gas, and tho duration of the inductive action ; 
for the results thereby obtained we must, however, refer the reader to the original papers. 

The resistance to combination which prevents the union of tho chlorine and hydrogen 
gases until the action is assisted by light, is increased to a remarkable extent by the 

P resence of even the minutest traco of foreign gases. Thus, an excess of of 
ydrogen above that contained in the normal mixture reduces the action from 100 
to 38. The following table shows the effect of tho presence of small quantities of 
foreign gases upon the sensitiveness of the mixture. In each case the rate of combi- 
Qflfrjon of the pure gases is supposed to be 100. 
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The increase in the rate at which combination goes on up to a certain point, under 
the influence of light, appears to arise, not from any peculiarity in light, but. rather 
from tho mode of action of the chemical attractions themselves. Chemical induction 
is in fact observed, when there is nothing but pure chemical action to produce the 
change. Thus, if a dilute solution of aqueous bromine be mixed with tartaric acid 
and left in the dark, hydrobromic acid is formed, and the rate at which this hydro- 
bromic acid is produced is not uniform, but increases up to a certain point, according 
to a law similar to that which is observed in photochemical induction. These pheno- 
mena seem to lead to the conclusion, that tho chemical attraction between any two 
bodies is in itself a force of constant amount, but that its action is liable to bo molli- 
fied by opposing forces, similar to those which affect the conduction of heat or electri- 
city, or the distribution of magnetism in steel. Wo overcome those resistances when 
wo accelerate the formation of a precipitate by agitation, or a decomposition by inso- 
lation. 

One of the many interesting applications of tho law of photochemical induction 
relates to the phenomena of photography. As an instance of this application, Hansen 
and Roscoe quote the remarkable observations of Iloequerel, from which lie assumed 
the existence oi* certain rays which can continue but not commence chemical action. 
In order to explain the phenomenon observed by the French physicist,, it is not neces- 
sary to suppose tho existence of a new property of light, as the facts are easily 
explained by tho laws of photochemical induction (Phil. Trans. 1H57, p. 400). it is 
probable, indeed, according to Bunsen and Roscoe, that the relations thus proved in 
the case of chlorine and hydrogen occur in a slightly modified form in other photo- 
chemical processes. 

Comparative and Absolute Measurement of tbe Chemical Rays.- Tim 

first essential for the exact measurement of photochemical actions is tlm possession of 
a constant source of light. This Bunsen and Roscoe secured by employing a flame of 
pure carbonic oxide gas, burning from a platinum jet. of 7 mm. in diameter, and issuing 
at a given rate and under a pressure very slightly differing from that of the atmosphere. 
The action which such a standard flame produces in a given lime on the sensitive, mix- 
ture of the chlorine and hydrogen, placed at a given distance, is taken ns. the arbitrary 
unit of photochemical illumination. This action is, however, not that which is directly 
observed on tho scalo of the instrument. The true action is obtained only by taking 
account of the absorption and extinction which tlm light undergoes in passing through 
the various glass-, water-, und mica-screens placed between the flame and the sensitive 
gas. These reductions can he made by help of the determinations detailed in the me- 
moirs above referred to. When these sources of error are eliminated, it is possible, by 
means of this standard flame, to reduce the indications of different, instruments to tho 
same unit of luminous intensity, and thus to render them comparable, for tliis pur- 
pose, the authors define, the photometric unit for I lie chemically active rays, as the aiiwnnt 
"f action ‘produced, in one minute by a standard 'flame placid, at a distance oj one metre 
Jrom (he normal mixture of chlorine and hydroyni ; and they determine experimentally 
for each instrument the number of such units which correspond to one division on tho 
wcale of the instrument. By multiplying the observed number of divisions by tin* num- 
ber of photometric units equal to one division, the observations arc reduced .to a com- 
parable standard. It is proposed to call this unit a chemical unit of light, and 
ten thousand of them, one chemical degree of light. According to this standard 
of measurement, the chemical illumination of a surface, that is, the amount of chemically 
active light which falls perpend icularlv on the plane surface, can he obtained. It has 
thus been found that the distance to which two flames of coal-gas and carbonic oxide, 
each fed with gas at the rate of 4 1 Oh c. c. per second, must be removed from a plana 
■urface, in order to effect upon it an amount of chemical action represented by one 
degree of light* was, in the case of the coal-gas flame, 0-029 metre, in that of carbonic 

x x 2 
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oxide, 0561 metre. The chemical illuminating power, or chemical intensity of™ • 
sources of light, measured by the chemical action effected by these soun^J^ 
distances and in equal times, can also be expressed in terms of this unit of light -V 
these chemical intensities may be compared with the visible hght-giring inten^Z 
In like manner, the authors define chemical brightness, as the amount of / JJ 
measured photochemically, which falls perpendicularly from a luminous surface upon « 
physical point, divided by the apparent magnitude of the surface; and this chemical 
brightness of circles of zenith-sky of different sizes has been determined . Experiment 
shows that the chemical brightness of various sized portions of zenith-sky, not exceed* 
ing 0-00009 of the total heavens, is the same ; or, that the chemical action effected is 
directly proportional to the apparent magnitude of the illuminating surface of zenith- 
sky. It is, however, possible to express photochemical actions, not only according to 
an arbitrary standard, but in absolute units of time and space. This has been done by 
determining the absolute volume of hydrochloric acid formed by the action of a^xed 
source of light during a given space of time ; and in this way the chemical illumination 
of any surface may be expressed by the height of the column of hydrochloric acid 
which the light falling upon that surface would produce, if it passed through an unli- 
mited atmosphere of chlorine and hydrogen. This height, measured in metros, Bunsen 
and Roscoe call a 1 i g h t-m e t r e. The chemical action of the solar rays can be expressed 
in light-metres, and the mean daily or annual light thus obtained regulates the che- 
mical climate of a place, and points the way to relations for the chemical actions of the 
solar rays, which in the thermic actions are already represented by isothermais, iso- 
therals, &c. 

Chemical Action of Diffuse Daylight. — In order to determine the chemical 
action exerted by the whole diffuse duylight upon a given point on the earth's surface, 
the authors wore obliged to have recourse to an indirect method of experimenting, 
owing to the impossibility of measuring the whole action directly, by means of tho 
sensitive mixture of chlorine and hydrogen. For the purpose of obtaining the wished- 
for result, the chemical action proceeding from a portion of sky at the zenith, of known 
magnitude, was determined in absolute measure ; and then, by means of a photometer, 


of different degrees of intensity, the chemical actions are proportioned to the visible 
illuminating effocts, it was only necessary, in order to obtain the chemical action pro- 
duced by the total diffuse light, to multiply the chemical action of the zenith-portion 
of sky by the number representing the relation between the visible illumination of the 
total sky and that of the same zenith-portion. Tho laws according to which the chemical 
rays are dispersed by the atmosphere can only be ascertained from experiments mado 
when the sky is perfectly cloudless. In the determinations made with this specially 
arranged photometer, care was therefore taken that the slightest trace of cloud or 
mist was absent, and the relations between the visible illuminating effect of a portion 
of sky at the zenith and that of the whole visible heavens, was determined for every 
half hour from sunrise to sunset, tho observations being made on the summit of a 
hill near Heidelberg, from which the horizon was perfectly free. 

The amount of chemical illumination which a point on the earth’s surface receives 
from tho whole heavens, depends on the height of the sun above the horizon, and on 
tho transparency of the atmosphere. If the atmospheric transparency undergoes much 
change whon the sky is cloudless, a long series of experiments would be needed beforo 
tho true relations of atmospheric extinction for the chemical rays could be arrived at ; 
the authors, however, believe that the alterations in the transparency of the air with a 
cloudless sky are very slight, and they think themselves justified in considering the 
chemical illumination of the earth’s surface on cloudless days to be represented simply 
as a function of the sun's zenith-distance. This supposition is confirmed by experi- 
ments made on different occasions with varying zenith-distance of tho sun, inasmuch 
as these all agree closely amongst themselves. From a series of observations made on 
June 6, 1858, the relation between the amount of light optically measured, falling from 
tho whole sky, and the amount (taken as unity) which at the same time falls from » 
portion of zenith-sky equal to x^th part of the whole visible heavens, has been calcu- 
lated for every degree of the sun’s zenith-distance from 20° to 90°. These numbers 
multiplied by the cke^nical light proceeding from the same portion of zenith-sky for the 
same zenith-distance, give the chemical action effected by the whole difiFiise light. The 
amount of chemical light which falls from the zenith-portion of sky is, however, the 
chemical brightness of that portion of sky. This chemical brightness was determined 
by the chlorine and hydrogen photometer on various duys and at various hours when 
the sky was perfectly cloudless ; thence tho authors obtained the chemical action, 
expressed in degrees of light, which is effected on the earth’s surface by a portion at 



LIGHT, CHEMICAL ACTION OF. 683 


lemth-eky equal in area to f^th part of the whole heavens, under corresponding sun's 
Benith-distancee from 20° to 90°. The numbers thus obtained have only to bo multi- 
plied by those of the former series of observations, in order to give the chemical action 
effected by the total diffuse light of day for zenith-distances varying from 20° to 90°, 
Knowing the relation existing between the sun’s altitude and the chemical action, the 
chemical illumination effected during each minute at any given locality at a given 
time may be calculated. For the following places, the amount of chemical illumination 
expressed in degrees of light which falls from sunrise to sunset at the vernal equinox U : 


Melville Island 
Rejkiavik . 

St. Petersburg . 
Manchester 


10,590 

15,020 

16,410 

18,220 


Heidelberg 

Naples 

Cairo 


18,220 

30,550 

21,670 


• 

Chemical Action of Direct Sunlight.- The chemical action of the direct sun- 
light was determined by allowing a small but known portion of direct sunlight to full 
into the dark room in which the instrument was placed, so that the insolation vessel 
was bathed in the pencil of rays thus admitted. By help of Silhermann’s heliostut, 
the sun’s image was reflected during the whole day upon one spot, a small opening of 
known size, in the window-shutter of a dark room. The fraction of the total sun’s 
rays thus admitted and allowed to fall upon the chemical photometer was calculated, 
und tho action thus effected was observed: hence the amount of net ion can be found 
which the sun would have produced if directly shining upon the instrument, — a con- 
dition impossible of course to fulfil, us the notion would become too rapid and the 
whole apparatus would be shattered by explosion. 

The aay chosen for observation of the sun’s action must obviously bo cloudless, if 
we wish to obtain an idea of tho relation existing between the chemical action and the 
height of the sun. Beginning the observations as near sunrise as possible, wo find, for 
instance, on September 15, 1858, one of the days on which such a series of experiments 
wsis made, that at 7 h 9 m a.m., when the sun’s zenith-distance was 76° 30', the observed 
action amounted to 1*52 : that is, in one minute the column of water moved through 
l 52 division ; oi the quantity of hydrochloric acid formed, when tho sun stood at the 
height mentioned, was represented by 1*52 division on the scale. Gradually, as tho 
day wore on, the observed action for each minute became larger; until at 9 h 14 ,n a.m., 
the latest observation possible on the day in question, owing to tho formation of clouds, 
t lie action reached 18*6 divisions, or was thirteen times as large as ut 7 h 9 ro . In the 
hist column of the accompanying table is found tho action, expressed in degrees of 
light, which would have been observed at the foregoing times, if thowholo sunlight had 
been allowed to fall on the instrument : 


Hour. 

Sun’s zenith- 
distance. 

Observed action. 

1 minute. 

Total sun’s 
action lit il< |{ret a h 
of lij<llt. 

7 k 

9«b 

76° 

30* 

1 52 

5-54 

7 

26 

73 

49 

4 22 

15*50 

7 

40 

71 

37 

609 

22-13 

8 

0 

68 

34 

7 56 

27 85 

8 

7 

67 

30 

8-38 

3887 

8 

26 

64 

42 

12 48 

45-85 

8 

54 

60 

48 

1709 

62-59 

9 

14 

58 

11 

18-51 

67’61 


This great increase in the chemical action with the rise of the sun in the hiWrens 
results simply from the fact that the solar rays, iri passing through the air, are extin- 
guished or absorbed, lost in fact as light; and that as the sun rises higher alxw* tho 
horizon, the column of air through which the rays puss is constantly being lessened: 
consequently, more of the direct rays reach the earth. 

Now, the law according to which the direct rays of the sun are thus absorbed in the 
air can be obtained from the experiments, of which the foregoing is only an example: 
hence, if the action which the sun produces, when at a given height, is known, it is 
possible to calculate the action which it would produce at any other height. 

Tho law regulating the chemical action of direct sunlight may be thus expressed : 
The amount of chemical action effecled at a point upon the* earth’s surface on any 
cloudless day, by the direct solar rays, depends alone upon the suns’s zenith-distance, 
or upon the height of the column of air through which the rays have to pass. 

That these calculated results agree very closely with the experimental data — with 
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the observed action — is seen by comparing the numbers in Table II., expressing the 
observed and calculated action : ^ 

Table IL 


Sun’* zenith-dis- 
tance at time of 
observation. 

Chemical illumination of sun's di- 
rect rayB at the earth’s surface ex- 
pressed in degrees of light. 


Observed. 

Calculated. 

46° 8' 

93'0 

96*4 

50 51 

89*2 

85*8 

67 35 

631 

67*9 

58 11 

676 

66*2 

60 48 

62*6 

58*3 

64 42 

45*9 

47-9 

67 30 

389 

36*6 

68 34 

27-9 

33*1 

71 37 

22*4 

245 

73 49 

15*5 

16*3 

76 30 

5*5 

9*2 


Probable error = + 2*7 degrees of light. 


Knowing the law which regulates the absorption of the chemical rays, wo can 
calculate what the action would be if thero wore no atmosphere to diminish the power 
of the rayB. It is thus found that if the sun’s rays were not thus weakened, by pas- 
sage through the atmosphere, they would produce an illumination represented by 318 
degrees of light ; or they would effect a combination in one minute, upon an unlimited 
atmosphere of chlorine and hydrogen on which they fell perpendicularly, of a column 
of hydrochloric acid, 35*3 metres in height. The sun’s rays having passed perpendicu- 
larly through our atmosphere to the sea’s level, effect an action of only 14-4 light - 
metres; or three-fifths of their chemical activity has been lost by extinction and dis- 
persion in the atmosphere. 

A large number of most interesting conclusions may bo drawn from the facts already 
noticed. Thus, for instance, we may determine the chemical uction which the solar 
ray a will produce on the various planets ; for we know that the intensity of the 
chemical illumination varies inversely as the square of the distance of the planet from 
the sun. The numbers in Table III. express tin’s chemical action in degrees of light, 
and in heights of columns of hydrochloric acid called light-metres. Hence, we see how 
much file sun’s chemical uction varies on the different planets, the superior pianola 
receiving so small a portion as to render it impossible that the kind of animal and 
vegetable life which we hero enjoy can there exist. 


Table III. — Chemical Action produced by Direct Sunlight on each Planet. 




Chemical action in 


Mean distances. 

Light-degrees. 

Light-metres. 

Mercury ...... 

0387 

2125 0 

236*4 

Venus ...... 

0;723 

608*9 

67*5 

Earth 

„ 1’000 

318*3 

36*3 

Mars 

* 1*524 

1371 

16*2 

Jupiter ...... 

T6-203 

11*8 

12 

Saturn ...... 

9*539 

3 5 

0*4 

Uranus 

19183 

1*0 

0*1 

Neptuue . 

30 040 

0*4 

004 


Interesting conclusions can be drawn from these facts, concerning the distribution of 
the chemical rays on the surface of our earth in different latitudes, and at different 
elevations above the sea’s level. The farther removed a situation is from the level of 
the sea, the higher up in the atmosphere it is placed, the greater is the amount of 
chemical action which it receives. Thus, in the highlands of Thibet, where corn and 
grain flourish at a height of from 12,000 to 14,000 feet, the chemical action of the direct 
sunlight is 1 J times as great as in the neighbouring lowland plains of Hindostan. In 
the same way we can calculate, for any point of the earth’s surface whose latitude 
known, the amount of chemical action which the direct sunlight effects at any given 
time of day or year. In Table IV. the numbers represent the chemical action effected by 
direct sunlight in one minute at the places and hours named, on the 21st of March. Curves 
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accompany the original memoirs, showing the rise of the action with the progress of 
the sun through the hea-vens. By comparing the numbers in the table, it is seen how 
greatly this chemical action differs at various points on the earth’s surface; and wo can 
understand how it is, that at the latitude of Cairo, where t he chemical action of the 
direct sunlight is twice as great as it is in that of Manchester, the whole flora and 
fauna assume a more tropical and luxuriant character. 


TjlBLB IV, — Chemical Action effected by Direct Sunlight in One Minute on the 
Vernal Equinox at 


Hour. 

A. 

U. 

c. 

I). 

E. 

F. . 

0. 

6 a. m, or 6 p. M. 

0*0 

00 

0*0 

00 

0 0 

00 

o-o 

7 „ 6 

0*0 

0*02 

0*07 

0*22 

0*38 

0-89 

1 74 

S „ 4 

0*07 

1 53 

2*88 

5*85 

8*02 

13*31 

2012 

9 „ 3 

0*67 

6 62 

10*71 

18-71 

23-99 

3588 

50 01 

10 „ 2 

1*86 

13*27 

20*26 

32*01 

40-04 

58-46 

78-61 

11 „ 1 

3*02 

I860 

27*55 

43*34 

53*10 

74-37 1 

08-33 

12 at noon 

3*61 

2060 

30-26 

47 15 

57*62 

80*07 

105*3 


A. Melville Island. E. Heidelberg. 

B. Rejkiavik, Iceland. V. Naples. 

C. St. Petersburg. G. Cairo. 

D. Manchester. 


Measurement of the Chemical Action of the Constituent parts of the 
Solar Spectrum. — For the purpose of measuring tile chemical activity of the 
various portions of the solar spectrum (as regards the mixt ure of chlorine and hydrogen), 
Bunsen and Roscoe reflected the sun’s rays through a narrow slit, and then decom- 
posed them by passing them through two quartz prisms. The spectrum thus produced 
was allowed to fall upon a white screen covered with a solution of quinine, and any 
desired portion of the light measured by a finely-divided scale allowed to fall U]>on the 
insolation vessel of the photometer. For the purpose of identifying the fixed lines in 
the lavender rays, use was made of a map of those lines made by Professor Stokes. 
As the various components of white light are irregularly absorbed by the atmosphere, 
it was necessary to make all the observations quickly one after the other, so that no 
appreciable difference in the column of air through which the rays passed shuuld occur. 
Fig. 703 exhibits the chemical action effected by various portions of the spectrum on 


Fig. 703. 



the sensitive mixture for one particular zenith-distance of the sun. Several maxima 
of chemical intensity in the spectrum are here noticed. 

Between the lines G in the indigo, and H in the violet, the greatest amount of action 
observed, whilst another maximum was found to lie near I in the ultra-violet rays. 
In the direction of the red end of the spectrum, the action became imperceptible 
About D in the orange (the maximum of visible illumination) ; but towards the other 
end of the spectrum, the action was found to extend as far as Stokes's line U, or to a 
distance from the line B greater than the total length of the ordinary visible 
spectrum. 
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We must} however, remember that the curve which represents the amount of decom- 
position effected by the chemically active rays, varies according to the nature of the 
substance acted upon ; thus Sir John Herschel showed (Phil. Trans. 1840, Part I.) that 
iodide of silver washed with nitrate was decomposed by ultra-violet rays which exerted 
no action whatever upon the chloride of silver ; and whereas, in the case of the iodide, 
the action extends but a little beyond the line E, the action in the case of the bromide is 
visible to the very extremity of the visible red rays, and the maximum action on the 
bromide lies in the indigo rays, that of the iodide lying in the. lavender rays between 
the lines I and M. (See also BecquerePs results, p. 632; and Daguin, Traitb 
de Physique , iv. 226.) 

Chemical Photometer adapted to the purposes of Meteorological 

Registration. — Having thus ascertained the chief laws regulating the chemical aetign 
of light, and the distribution of direct and diffuse sunlight upon the earth's surface 
when the sky is unclouded, Professors Bunsen and Roscoe proceeded to found a method 
of measuring applicable to the direct determination of the total effect produced by the 
varying cloud and sunshino of our changing climate. The object of this new investi- 
gation (Phil. Trans. 1863, p. 139) has been to invent a trustworthy mode of measuring 
the daily variation in the sun's chemical intensity, which shall be so easy and simple 
of practice as to bo applicable to regular meteorological registration. 

Although many fruitless attempts have been made to construct photometers by a 
comparison of the blackness produced by sunlight upon photographic paper, Bunsen 
and Roscoe found that the desired end could be obtained in this way by attention to 
certain essential conditions. 

For this purpose it was nocessary to construct an apparatus in which photographic 
sensitive paper could be exposed to sunlight for definite times measured by small frac- 
tions of a second. This in- 
Fig. 704. strum ent, called a p c n d u 1 u m 

photometer, is reprosen ted 
in Jig. 704. 

An iron stand carries tho 
metal plate A, which can bo 
placed horizontally by three 
set-scrows, and in which a 
straight slit, 15 millimetres 
broad and 190 millimetres 
long, is cut. Over this slit, 
which is shaded black in the 
drawing, is placed a very thin 
and elastic sheet of mica, he <7, 
blackened at one end from /> 
to c, and fastened at d to the 
curved drum E attached to 
the pendulum F. When the 
pendulum is allowed to vi- 
brate, the sheet of mica, as it 
rolls on and off the curved 
drum E at each vibration, un- 
covers and again covers the 
slit, so that each point 
throughout the whole length 
of the slit is exposed for a different period. *If we wish to use this instrument for the 
purpose of exposing a photographic surface ‘ta the action of the light for different 
times, the paper is gummed upon the white surfaco of the metallic slide (G, fig. 701); 
this is then covered by a metallic lid, which does not touch the paper, and the whole 
arrangement pushed into the dark groove h, placed directly under tho slit, and 
protected from the entrance of light by a lappet of cloth, which hangs in front. The 
metallic lid is then withdrawn, the screw k turned, and thus the paper is slightly pressed 
against the slit, so that no light, can enter sideways between the paper and the thin 
metallic edges of the slit. By raising the lever n ml at l , the pendulum is released 
from the catch at m y and, after completing a vibration, it is held fast by a lower catch 
at n. If it be required to double or to multiply the time of insolation, it is only 
necessary to repeat, the vibration, once or several times, care being taken before each 
vibration to raise the rod of the pendulum so as to allow the end to fall into the upper 
catch. In order thus to set the pendulum in motion, and to stop it with certainty and 
ease, the lever is once for all balanced by a small weight at l , so that the arm n m is 
but slightly heavier than the arm l. 

Before tnis instrument can be used for measuring the chemical action of light, it is 
necessary — 
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1. To know the relation existing between the several tints and the intensity of the 
light necessary to produce such tints. 

2. To construct sensitive paper which shall always possess the same degree of sensi- 
tiveness, and can easily be prepared when required. 

It was found, by a long series of experiments, that it was possible, by adhering 
strictly to a certain method of manipulation, to prepare standard papers which, when 
made, possess a constant degree of sensitiveness ; so that if the same light falls upon 
them, the papers are always coloured to the same tint. 

Experiment likewise showed that the tint attained by such a paper was constant 
when the quantity of light falling upon it also remained constant; so that light of thn 
intensity 50 falling upon the paper for the time 1, produced the same blackening effect 
as light of the intensity 1 falling upon it for t he time 50. 

Knowing this law, which regulates the degree of shade of the paper, and having a 
surface of a perfectly constant- degree of sensitiveness, it is easy to obtain absolute 
measurements of the chemical action of light. For this purpose, an arbitrary unit t>f 
measurement is chosen, by making a standard tint or paint which can bo easily and 
exactly reproduced at any time. 

The quantity of light which shall, in a second, or the unit of time, produce a blacken- 
ing effect on the standard photographic paper equal to that of the slanda.nl tint, is said 
to have the chemical intensity 1 . If the time needed to produce this same tint is 
found by experiment with the pendulum-photometer to be 2 seconds, then the chemical 
intensity is one half, and so on. 

All that is needed, in order to obtain accurate measurements of the chemical action 
of diffuse daylight or sunlight, is to be able to find the time necessary to effect a 
blackening of the normal paper equal in shade to the standard tint. This is done by 
means of the graduated strip made in the pendulum -photometer. 

For the purpose of accurately comparing these tints, the ordinary daylight, or oven 
lamplight, cannot be used, as a change would thereby be produced on the sensitive 
paper. A light which does not act chemically must, be used ; such a light is the mono- 
chromatic soda-flarae. The light- from this flame possesses another advantage, namely, 
that the unavoidable differences of colour are not seen ; variation in abode alone being 
perceptible. The arrangement for thus reading off the point having a shado equal to 
that of the standard tint is seen in jig . 705. A millimetre scale, similar to the ono 
iq>on the slit, is fastened upon a wooden board, a {fig. 705), covered with paper, and 
moveable in a groove across a fixed wooden stand. The strip of photographically 


Fig 8. 705 and 706. 



tinted paper is then cut off from the slide G and gummed upon the Wrd a . so that it 
has the same position relative to the scale on the board as it had to the scale on the 
"lit A, fig. 706, represents a small square wooden block having a circular hole in the 
*niddk* 5 to 6 mm. in diameter, the lower half being covered by the paper of winch the 
degree of shade has to be determined. This block is pressed by means of a spring, Hfl 
** seen in fig. 705 in a fixed position against the strip of paper. On throwing the image 
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of the soda-flame C, by help of the convex lens D, upon the circular opening in the 
block, it is easy, by drawing the slide backwards and forwards, to determine the exact 
point at which the upper and lower halves of the circular hole appear equally dark. 
It is then only necessary to read off on the scale the number representing the time 
which the paper at that point has been insolated, in order to determine the degree of 
shade which the paper in that time has attained. To ensure accuracy in the observa- 
tions, it is necessary that the eye should always be placed in one and the same position ; 
most advantageously in a direction nearly perpendicular to the surface of the strip of 


paper. 

By help of this soda-flame, the coincidence of shade of the graduated strip with tho 
standard tint can bo read off with the greatest precision. This fact, as well as tho 
possibility of preparing a constant sensitive paper, is seen by reference to the following 
tables, extracted from the detailed paper printed in the Philosophical Transactions for 
1863, to which we must refer for positive proof of the delicacy and trustworthiness of 
the method. 

Papers variously prepared were exposed for tho same time to the same light. 

Each reading is the mean of several observations ; identity in the numbers shows 
identity in the shade, and, therefore, the constant sensitiveness of the papers. 

The standard paper is prepared by soaking photographic paper in a solution of com- 
mon salt of given strength (3 to 100), and then allowing it to lie upon the surface of a 
silver solution (12 nitrate of silver to 100 of water). When the strength of the salt solu- 
tion varies, the sensitiveness of the paper alters very rapidly. Variation in the strength 
of the silver-bath produces, on the contrary, but little change in the sensitiveness of the 


paper. 

Different qualities of paper and alterations of atmospheric moisture aDd temperature 
do not affect the sensitiveness of the paper. 


1. Effect of altering the Strength of the Silver-bath. Paper salted in a Solution 
containing 3 pts. Chloride of sodium to 100 of Water. 


Nitrate of silver to 

100 of water. 

Observer A. 

Readings. 

Observer B. 

12 ... 

128*6 

. , 

129-7 

10 ... 

128-7 


127 0 

8 

128-7 


1280 

6 

120-7 

• 

1300 

2. Effect of altering the 

NaCI to 

100 of water. 

Strength of the Salt Solution. 

Headings. 

Observer A. Observer B- 

1 

2-6 


60-4 

2 

95-7 


94-6 

3 

132-6 


129*6 

4 

167 0 


168 0 


3. Experiment showing the constant Sensitiveness of the Standard Paper. 


Paper. 

NaCI to 

100 of water. 

Intensity No. 1. 

Intensity No. 2. 

Observer A. 

Observer B. 

Observer A. 

Observer B. 

Upper part of sheet 2 

2*960 

7fl;2 

70*0 

101*3 

101*5 

Lower part of sheet 2 

3*026 

70-6 

69*3 

101*5 

101*7 

Middle of sheet 1 

3-026 

70-0 

69-5 

100*9 

100*9 

Middle of sheet 3 

3-000 

70*0 

70*4 

1010 

1000 


All these papers were silvered in a solution containing 12 pts. of nitrate of silver to 
100 of water. 

In order to measure the chemical intensity of the daylight at any time, all that w 
needed is to expose a strip of standard paper in the pendulum-photometer for a giy e ® 
number of vibrations, and then to find upon the strip thus exposed the point at which 
a shade equal to the standard tint has been produced. Reference to a table gives the 
time of exposure necessary to produce this tint, and the reciprocal of this time repre* 
Bents the intensity of the acting light. If the time necessary were 3 seconds, the 
chemical intensity would be | ; & the time were £ second, the intensity would be 2. 
In this way curves of daily chemical intensity are made, which show the variation 
caused by clouds, or by the changing altitude of the sun. These curves show maxima 
and minima exactly corresponding to the appearance and disappearance of the su® 
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behind a cloud. The difference between the sun’s chemical intensity in summer and 
winter is clearly seen by reference to the curves on fig. 707. 


Fig . 707. 



Based upon the principles of tho pendulum-photomoter, a much simpler method of 
making these measurements has been arranged, as follows. A graduated strip mado 
in the pendulum-photometer is fixed in hyposulphite of sodium, and pasted upon a 
l>oard furnished with a scale. The shades of certain points on this fixed strip are 
compared with tho shades on given points upon a graduated strip prepared in tho usual 
way, and not fixed in hyposulphite. The fixed strip is thus calibrated in terms pf the 
unit of measurement, and it may then bo used as a means of measuring the chemical 
action of light. Small pieces of the standard paper aro then exposed for a given time 
to the light which it is desired to measure, until the shade approaches that of a part of 
the fixed strip. The point of exact coincidence is then mid off by the soda flame m 
usual. In this way a piece of standard paper of 1 square inch of area will Boryo for 
40 separate determinations, and the whole arrangement for exposure may be carried in 
tho pocket. Tho curve of the chemical intensity of day- and sun-light in Manchester, 
made with this small instrument on more than 40 separate days of the year 1804, fully 
bears out tha accuracy and ease with which those measurements can be mado, and the 
results of his experiments induces the writer of this article to express a hope that 
before long these instruments may be introduced into meteorological observatories. 

Chemical Brightness of various Points on the Sun's Surf hoc. — The determination of 
the chemical brightness of tho various portions of the sun's disc is an interesting 
application of this new method of photometric measurements. 

By help of a camera placed on a 3-inch refractor, the writer allowed tho imago of 
the sun — of about 4 inches in diameter — to fall upon the standard paner. The sun- 
picture thus obtained presents interesting features : in the first place, the chemical in- 
tensity of the central portions are 3-5 times as great- as that of tho portions on the 
limb. A difference of this kind, in the case of the luminous and calorific rayH, hail 
already been observed by astronomers, and it is doubtless caused by the absorption 
effected by the solar atmosphere. . 

The following results were obtained by measuring the chemical brightness at various 
points on the sun's disc, on May 9, 1863 ; from these numbers it will be seen that tho 
luminous intensity varies very irregularly. 


Chemical Buioiitness of Sun’s Disc. 


1 . At centre of 
*un’» disc. 

2. 1*>° from edge of 
turi'« dl*c. 

3. At the edge of 
lun’i di*% 

No. 1 . . . 100 0 

No. 2. . , 100 0 

N. Pole. Equator. S. Pole. 

38 8 . 48-4 . 581 

52-8 . . 66-0 

N. Pole. Equator. 8. Pole. 

187 . 30*2 . 28*2 

305 . — . 41 0 





690 


LIGHT, CHEMICAL ACTION OF. 

Bright patches of considerable area were seen on the picture ; these patches, which 
were not caused by irregularity in the paper or in the lenses, are probably owing to 
the presence of clouds in the luminous atmosphere of the sun, and they may probablv 
have some intimate connection with the well-known phenomena of the red prominences 
seen during the solar eclipse. 

Optical and Chemical Extinction of the Chemical Rays.— In order to 
determine whether the act of photochemical combination (in the case of chlorine and 
hydrogen) necessitates the production of a certain amount of mechanical effect, fop 
which an equivalent quantity of light is expended, or whether this phenomenon is de- 
pendent upon a restoration of equilibrium effected without any corresponding equivalent 
loss of light, Bunsen and Roscoe have studied the phenomena occurring at the bounding 
surfaces, and in the interior of a medium exposed to the chemical rays. 

When light passes through any medium, part of it is lost by reflection at the surface 
another portion by absorption within the medium, so that, the quantity of emergent 
light is only a fraction of the incident light. This is true with the chemical as 
with the luminous rays, and Bunsen and Roscoe have determined the coefficients 
of absorption and reflection of the chemical rays for glass, water, and mica. By 
passing light from a constant source, through cylinders with plate-glass ends filled with 
dry chlorine, they found that, with a given length of cylinder, the quantity of chemical 
rays transmitted, when no chemical action takes place, is to the quantity in the inci- 
dent light in a constant rat io ; or in other words, the absorption of the chemical rays is 
proportional to the intensity of the light. They also found that the quantity of the 
chemical rays transmitted varies proportionally to the density of the absorbing medium. 
If, however, the light passes through a medium in which it is not only absorbed, but 
also excites chemical action, it is found that, in addition to the optical extinction al- 
ready spoken of, a quantity of light is lost proportional to the amount of chemical 
action produced. Thus the depth of pure chlorine gas at 0° C. and 0 76 m. pressure, 
through which the light of a coal-gas flame must pass in order to be reduced to 
is found to be 173-3 mm. : hence, since the quantity of light absorbed varies as tile 
density, the depth of chlorine diluted with an equal volume of air or other non-absorb- 
ing and chemically inactive gas required to produce an extinction of would be 346 6 
mm. But when the sAnsitive mixture of equal volumes of chlorine and hydrogen is 
used, the depth of the inixturo to which the light must penetrate in order to be reduced 
to is found only to be 234 mm. Hence Bunsen and Roscoe conclude that light u 
in this case absorbed in doing chemical work. 

Light from other sources gives results similar in character, although different in 
amount. Diffuse light of morning reflected from the zenith of a cloudless sky is reduced 
Posing through 45*6 mm. of chlorine, and through 73*5 mm. of the sensitive mix- 
ture ; diffuse light is reduced to T l 5 by passing through 19*7 mm. of chlorine, and through 
57 '4 mm. of the sensitive mixture. Hence it appears that the chemical rays of diffuse 
morning light are absorbed by chlorine much more quickly than those of lamp-light; 
and those of evening light with still greater facility. From this we may conclude that 
the chemical rays reflected at different times and hours, possess, not only quantitative, 
but also qualitative differences, similar to the various coloured rays of the visible spec- 
trum. Photographers are well aware of this qualitative difference in the light, as they 
know that the amount of light photometrically estimated gives no measure of its photo- 
chemical activity ; they prefer a less intense morning light to a bright evening light 
for taking pictures. 

Photographic Transparency , or Diactinic Power of different Media. — It has already 
been mentioned (p. 632), that the chemical rgys of the spectrum are absorbed in various 
degrees by different media. On this subject, scaso important experiments have lately been 
made by Professor W. A. Miller (Phil. Trans. 1863, p. 1 ; Chem. Soc. J. xvii. 59). 
The mode of observation consisted in refracting the rays which had traversed a trans- 
parent medium, through a prism and lens of quartz, and receiving them on a surface 
of collodion coated with iodide of silver (p. 693), whereby a permanent image of the 
chemical spectrum was obtained. The light employed was the electric light (obtained 
from an induction-coil between two metallic wires, generally of fine silver), which is 
peculiarly rich in chemical rays, yielding a chemical spectrum equal to four or five 
times the length of the visiblo spectrum. The following are among the most important 
^results obtained : 

1. Colourless solids which are equally transparent, to the visible rays, vary greatly 
in permeability to the chemical rays. — 2. Bodies which are photographicallly transpa- 
rent in the solid form, preserve their transparency in the liquid and gaseous states.— 

3. Colourless transparent solids which absorb the chemical rays, preserve their 
absorptive action in the liquid and gaseous states. — 4. Pure water is photographically 
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transparent, bo that many compounds which cannot be obtained in the solid form 
sufficiently transparent for such experiments, may be subjected to trial in aqueous 
solution. 

The following tables exhibit the photographic transparency of a few of the various 
solids, liquids, gases, and vapours subjocted to experiment : — 


Photographic Transparency or Diactinic Power op 


Gases and Vapours . 
74 Oxygen 
63 Nitrogen . 

36 Hydrogen . 

26 Carbonic anhydride 
21 Ethylene . , 


Coal-gas 


6 Sulphydric acid . 

6 Air, 01 in. pressure 


Solids. Liquids, 0*75 in. Gases and Vapours . 

Ttoek-crvstal . . 74 Water . . .74 Oxygen . . .74 

w ° ... 74 Alcohol . . . 63 Nitrogen ... 74 

Fluor-spar ... 74 Dutch liquid . . 36 Hydrogen . • * 74 

Topaz . • -65 Chloroform . . 26 Carbonic anhydride . 74 

Kock-salt . . .63 Benzene . . .21 Ethylene . » .66 

Iceland spar . . 63 Methylic alcohol . 20 Marsh-gas . . .63 

Sulphate of magnesium 62 Amylic alcohol . . 20 Hydrochloric acid • 66 

jjorax . . .62 Oxalic ether . .19 Coal-gas . . .37 

Diamond ... 62 Glycerin ... 18 Benzeno vapout* . . 36 

Bromide of potassium . 48 Ether ... 16 Hydrobromic acid . 23 

Thin glass (0 009 in.) . 20 Acetic acid . . 16 Hydnodie acid . . 16 

Iodide of potassium . 18 Oil of turpentine . 8 Sulphurous anhydride. 14 

Mica (0*007 in.) . ,16 Sulphide of curbon . 6 Sulphydric acid . .14 

Nitrate of potassium . 16 Trichloride of arsenic . 6 Air, 0*1 in. pressure • 74 

The photographic image obtained upon the collodion plate commenced in each esse 
at the same point of the spectrum, corresponding with a spot a little more i refrangible 
than the lino G. Calling the line H 100, and numbering backwards for the less 
refrangible rays, the line B being at 84, the commencement of the photograph in each 
case is at 96*6, and tlio extreme limit of the iflost refrangible rays at 170*6. 

When absorption occurs, it is almost always exerted upon the most refrangible rays; 
but in the case of the coloured gases and vapours, chlorine, bromine, and iodine, 
the absorption differs from the general rule, and is by no means proportional to the 
depth of colour. A column of c h 1 o r i n c, with its yellowish-green colour, cuts off the 
rays of the less refrangible extremity through fully two-thirds of the spectrum ; the 
red vapour of bromine cuts off about one-sixth ot the length of the spectrum, tno 
absorbent action being limited to the less refrangible extremity, whilst the deep violet 
vapours of iodine allow the less refrangible rays to pass freely for the first tourtii or 
the spectrum; then a considerable absorption occurs, and afterwards a feeble renewal 
of the photographic action is exhibited towards the more refrangible end. 

Among the various compounds submitted to examination, the fluorides were 
found to bo chemically the most transparent; then follow the chlorides of the 
alkali-metals and alkalino car th -metals i; the bromides are less diactinic, 
and the iodides show a striking diminution in this respect. The group most rem ar - 
able for its absorptive power is that of the nitrates. Nitric acid, whether simp y 
dissolved in water or combined with bases, has a specific power m arres ing o 
chemical rays; the less refrangible portion it transmits freely, but intorcep e 
spectrum abruptly at the same points, whatever salt be employed, provided the base 

be diactinic. The chlorates are remarkably diactinic. . , . . 

Glass, even in very thin layers, absorbs the whole of the more n^frang. hie chemical 
rays. Hence it might appear that lenses of quartz, or of water enclosed in quarte, 
would be far superior to those of glass for the use of the photographer. iis, l > » 

is not the case; for glass is very transparent to the loss refrangible portion of the 
chemical rays, extending beyond t he violet end of the visible spectrum > a is 
much beyond the line II as the red end of the spectrum is below it ; and ^^ays «« 
precisely the most abundant and powerful chemical rays in the solar spi'ctrum, which 
contains hut few rays of rofrangibility much beyond this point; whereas in the elec- 
tric arc, these highly refrangible ray* predominate. ....... u . .♦ - 1W ,H 

Diactinic base?, united with diactinic acids, usually furnish diactinic salts ; but such 
a result is not uniform : none of the silicates are as diactinic a* silica itself in the 
form of rock-crystal. Again, hydrogen isominently diactinic; and »odi 
notwithstanding its deep violet colour, is also largely diactinic, but hy 
gas is greatly inferior to either of them. , onilKnnll 

Compound s, as such, do not appear to act more energet ically as absorbents than 

S P tok^'(PhiL Trans. 1862, p. C06), by receiving the invisible rays npons fluoraioent 
screen, find, that the vegetable alkaloid* and the glucoside* are, almort without 
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exception, intensely opaque for a portion of the invisible rays, absorbing them with an 
energy comparable, for the most part, to that with which colouring matters, such as 
indigo or madder, absorb the visible rays. The mode of absorption is also generally 
highly characteristic of each compound, and frequently very different in the same 
body, according as it is examined in an acid or an alkaline solution. 

The quality of the rays reflected from polished surfaces varies in a manner which 
cannot be predicted from the degree of luminosity of the surface. Gold and lead 
though not the most brilliant of the metals, reflect the chemical rays more uniformly 
than the brilliant white surfaces of silver and speculum-metal. (Miller’s Elements 
of Chemistry , 3rd ed. vol. ii. p. 899.) 

Influence of Xiight upon Plante. 

The important effects produced by sun-light on living plants has already been 
noticed. Many experiments have been made for the purpose of determining the action 
which the different portions of solar light effect upon plants during various stages of 
their growth. The subject is an extremely complicated one, and the results of various 
experimenters differ widely. Thus, for instance, whilst Payer concludes that the violet 
rays are those which especially determine the growth of the plant, Daubeny and 
Draper state, as the result of their experiments, that, the yellow, or most luminous rays, 
are those which act most powerfully in decomposing the carbonic acid of the air. 
Mr. Robert Hunt * draws the following conclusions from his investigations on this 
subject : 

1. The luminous rays preitent the germination of speds. 

2. The chemically active rays quicken germination. 

3. Light acts to effect the decomposition of carbonic acid by the growing plant. 

4. The luminous and chemical rays are essential to the formation of the colouring 
matter of leaves. 

6. The luminous and chemical rays, independent of the calorific rays, prevent tlie 
development of the reproductive organs of plants. 

6. The heat-radiations corresponding with the extreme red rays of the spectrum 
facilitate the flowering of plants and the perfecting of their reproductive organs. 

Photography. 

The first well-authenticated attempts to produce pictures by means of the chemical 
action of sun-light wore made by Thomas Wedgwood and Sir H. Davy in 
the year 1802 ; f but it would appear probable from recent investigations that Boul- 
ton and Watt actually obtained sun-pictures at the Soho Works so early aH the 
year 1799. No written statement of the method employed in their experiments has, 
however, as yet been found, and we must therefore still give to the former experimenters 
the credit of having first described a mode of obtaining pictures by the means of sun- 
light. The method adopted by Wedgwood was that of moistening white paper or 
leather with a solution of nitrate of silver. By this means he copied leaves and paintings 
on glass, and took profiles, and Davy even succeeded in obtaining pictures of objects 
seen in the solar microscope ; but neither of these chemists was able to prevent tho 
unshaded portions of the picture from being coloured by exposure to diffused light. In 
the year 1814 M. Niepce examined the action of light on certain resinous substances 
with the object of obtaining an unalterable imgge in the camera. In this he succeeded 
to a certain extent, inasmuch as the light rendered the resin insoluble in the usual sol- 
vents, so that, by the subsequent action of ah acid on the exposed metallic plate, those 
parts upon which tlie light had not fallen werd'btched. In 1827 M. Ni&pce communicated 
an account of his experiments to the Royal Society, and in the same year he informed 
M. Daguerre, who had been previously but unsuccessfully engaged in the same pursuit, 
of the particulars of his process. The two investigators continued their researches in 
common, proposing many different modes of producing the u Heliographic pictures, ’ as 
they were termed, without great success, until the death of Ni6pco in 1833. Daguerre, 
continuing his experiments after this event with the son of Niepce, was fortunate 
enough to discover, in 1839, the method which bears his name, and to obtain a prize 
and pension offered by the French government for the discovery of a method for per- 
manently fixing the image formed in the camera. The process of Daguerre consisted 
essentially in allowing the vapour of iodine to act upon a plate of polished silver, which 
thus becomes coated with a thin film of iodide of silver ; the plate prepared in this way 

• See Report by Robert Hunt ** On the present state qf our knowledge qf the Ch emica l Actio**!*** 

Soksr Radiation,** Brit. Assoc. Reports for ]R50. 

f Journal of RojaJ Institution, June 1802. 
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was next exposed to light in the camera, so arranged that the image of the object to bo 
copied fell upon the iodised surface, which thereby undergoes a change, not however 
visible on withdrawing the plate from the camera. In order to develop the latent 
image, the plate was exposed to the action of the vapour of mercury, which produces 
different effects on various parts of the plate, according as the iodide has been more or 
less altered by the action of the light. The undecomposed iodide was then dissolved 
by placing the plate in a strpipg solution of hyposulphite of sodium, and the picture was 
thereby permanently fixed. Since Daguerre’s time, this process has undergone con- 
siderable improvements ; amongst these, we may mention the exposure of the plate to 
the vapour of bromine, by which the sensitiveness of the film is greatly increased, and 
the reauction of metallic gold upon the surface of tho film during the process of fixing, 
by which the lights and shades of the picture are rendered more effective. For tho details 
of the process, as now practised, wo must refer tho reader to photographic text -books. 

The nature of the invisible chemical change effected by the light on the iodo- 
bromide of silver is not understood, but it is evidently analogous to the change 
produced by the light on the mixture of chlorine and hydrogen before combination 
ensues, which has been termed photochemical induction, the film being so modified as 
to render it susceptible of decomposition when brought into contact with the vapour of 
mercury. The amalgam thus produced varies in thickness according to the in* 
tensity and duration of the action of the light, and different shades are therefore seen, 
when the picture is viewed by reflected light, corresponding to the lights and shades of 
the real object. 

The subject of the production of sun-pictures on paper attracted but little attention 
from the time of Wedgwood until the year 1839, when Mr. Fox Talbot published 
his plan of ** photogenic drawing.” This consisted in exposing in the camera a paper 
soaked in a weak solution of common salt, and afterwards washed over with a strong 
solution of nitrate of silver ; the image thus obtained was a negative one, the light 
being dark and the shadows light, and tho pictures were fixed by immersion in a solu- 
tion of common salt. 

Many improvements have been made in this process. In 18*11 Fox Talbot patented 
the beautiful process known as the “ Talbotypo or Calotype process,” in which the 
paper is coated with iodido of silver by dipping it first in nitrate of silver, then in 
iodide of potassium. Paper thus prepared is not sensitive per se to t ho action of light, 
but may be rendered so by washing it over with a mixture of nitrate of silver and 
gallic or acetic acid. If it be exposed to tho camera for two or three minutes, it docs 
not receive a visible image (unless the light has been very strong); but still the com- 
pound has undergone a certain change by tho influence of the light: for, on subse- 
quently washing it over with the mixture of aceto-nitmte of silver and gallic acid, 
and gently warming it, a negative image comes out on it with great dwtinctness. 
This image is fixed by washing tho paper with hyposulphite of sodium, which removes 
the whole of the iodide of silver not acted upon by the light, and thus protects the 
picture from further change by exposure to light. The negative picture thus obtained 
is rendered transparent by placing it between two sheets of blotting-paper saturated 
with white wax, and passing a moderately heated smoothing-iron over tho whole. It 
may then be used for printing positive pictures, by laying it on a sheet of paper prepared 
with chloride or iodide of silver, and exposing it to tho sun. 

A most important step in the progress of photography is the substitution, by Mr. 
Archer, of a transparent film of iodised collodion spread upon glass for the iodised 
paper used in Talbot’s process, to receive the negative image in the camera. 
The process is thus rendered so much more certain and rapid, and the positive pic- 
tures obtained by transferring the negative by printing on paper are found to bo so 
much sharper in outline, than when the transference occurs through paper, as in tho 
Talbotypo process, that this method is now universally employed. In this process, a a 
in that of tho Calotype, the image produced in the camera is a latent one, and requires 
development with substances such as pyrogallic acid, or protosulphate of iron, which, 
having a tendency to absorb oxygen, induces, in presence of nitrate of silver, tho re- 
duction of the chloride or iodide to the metallic state. For a description of tho best 
apparatus and latest processes used in the Collodion method, the reader may consult 
Hardwich’s “Manual of Photographic Chemistry.” 

A large number of other metallic salts besides the salts of silver are acted upon by 
light. The photochemical relations of many of these salts have been specially studied 
by Sir John Herschel (Phil. Trans. 1840), in his celebrated Memoir “On tho 
Chemical Action of the Rays of the Solar Spectrum and, founded upon these different 
actions, a number of methods of producing pictures have been described, all of which are 
of secondary interest. For a full description of these methods, we may refer tho reader 
to Hunt’s “ Researches on Light.” 
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Nature of the Chemical Change effected by Light on Silver Salt*.^J$k ough the exact 
chemical decomposition effected by light on the chloride, bromide, and iddide of silver 
has long been a subject of experimental discussion, still much remains to be learnt 
concerning the composition of the photographic image. The general result of investiga- 
tions upon this subject may be stated to be that, in the first place, a sub-salt of silver 
of a grey or violet colour is formed, whilst by a further action of the light the silver is 
probably reduced to the metallic state. It appears, however,* most difficult to prepare 
the sub-salts of silver in a pure state, either bv the action of light, or by other chemical 
methods, the evidence of the presence of such a salt in the violet-coloured chloride 
depending upon the well-known fact that this substance is unacted upon by nitric 
acid, but decomposed by ammonia into chloride and metal. The recent experiments of 
Vogel (Pogg. Ann. cxvi. 497) confirm this result, as ho shows that when pure and dry 
chloride and bromide of silver are insolated, chlorine and bromine are liberated and 
a substance insoluble in nitric acid, in each case, produced : he was unable to aetect 
free iodine when pure iodide of silver is exposed to light, and hence he concludes that 
this salt is not decomposed by light Vogel has likewise observed that the result* 
obtained when the above-mentioned salts are prepared with an excess of silver-salt, 
instead of an excess of the precipitant, aro somowhat different : thus, whilst the iodide 
prepared with excess of iodide of potassium shows no change of colour, that prepared 
witn excess of silver becomes decidedly grey on exposure to light. 

A singular effect produced by the red rays upon a blackened silvered paper was 
observed long ago by R i 1 1 e r, and confirmed by H c r.s c h e 1. If prepared paper soaked in 
nitrate of silver solution be blackened by exposure to light, and then submitted to the 
action of the solar spectrum, those portions upon which the violet rays fall become 
darker, whilst those exposed to the rod rays become lighter, and assume a brick-red 
colour ; hence it would appear that the least refrangible rays exert opposite actions 
upon the sensitive silver-salts. Claudethas also shown (Phil. Trans. 1847) that ex- 
posure to the red rays neutralises the effect previously produced on a sensitised 
daguerreotype plate by white light. 

We are aa yot quite unacquainted with the essential nature of the change brought 
al>out by the action of light. Thus, we do not know whether, in the blackening of 
chloride of silver, tho light used up in the decomposition is equivalent to the work 
done, as in the case of the decomposition of water by the galvanic current where the 
force needed to separate tho molecules of oxygen and hydrogen is as large as that 
evolved by tho combinations of the gases ; or, whether tho chemical actions of light re- 
semble that Budden splitting up which occurs in certain compounds (the chloride 
of nitrogen, for example) where they are placed in circumstances under which they 
can no longer exist, and where the force establishing the change bears no equivalent rela- 
tion to the forces developed in the resulting decomposition. 

Chr omo-photography. — Many attempts have been made to reproduce in the photo- 
graph the colours of natural bodies ; and although these attempts have not succeeded 
to the full extent of fixing the coloured picture, yet a certain degree of progress in the 
production of tinted images has been made. Thus, for instance, Becquerel (Ann. 
,Ch. Phys. [3] xlii. 81) has described a method by which a coloured image of the solar 
spectrum can be prepared, as well as representations of tho coloured rings formed in 
crystals by polarised light. In order to obtain these coloured imagos, a polished plate 
of silver is immersed in dilute hydrochloric acid, and a film of sub-chloride formed 
upon the silver by allowing the plate to form^the positive electrode of a Bunsen’s bat- 
tery. Tho plate thus prepared becomes variously tinted when exposed to the solar 
spectrum, some of the rays being reproduced with their distinctive colours, whilst 
others either produce no effect or give rfcsu to tints differing from their own. Other 
experimenters, especially Ni&pce de St. Victor and Campbell, have obtained 
.somewhat analogous results ; but, as yet, the coloured images produced by these and 
similar processes have resisted all attempts to render them permanent. 

Yhotographio Engraving , Lithography , and Galvanography. — -The 
original photographic process proposed in 1827 by Niepce has been lately modified 
by M. Ni&pce de St. Victor, for the production of photographic engraving on steel. 
A plate of steel is covered with a layer of prepared bitumen, ana being placed under an 
ordinary positive photograph, is exposed to light; on treating tho bitumen with naphtha 
and benzol, those portions which have not been insolated dissolve, leaving the steel 
plate exposed for the subsequent action of acid. The plate thus prepared is then sub- 
mitted to the usual processes employed in aqua-tint engraving. A somewhat similar 
process was patented by Mr. Fox Talbot, in 1858, for etching by chemical means 
a positive photograph on a copper plate. This method has recently been modified^ 

• See Report on the Nature of the Photographic Image, Brit. Assoc. Reports, 1859, p. 106. 
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and applied independently by Sir H. James and Mr. Osborne of Melbourne, to the 
production of -lithographs and zincographs from photographs, Mr. Osborne's process 
consists in coating a sheet of paper with a solution of acid chromate of potassium in 
gelatin, and exposing the prepared paper to light by placing a negative photograph 
over it. After a few minutes’ exposure, the paper iB placed in water ; the unchanged 
portions are then easily washed away, and those parts which have boen acted upon by the 
light remain. This picture is then coated with lithographic ink, and transferred to the 
lithographic stone by pressure ; the prints, obtained by transfer in the usual way, are 
remarkably sharp and delicate. 

A process of photogalvanography, founded on the decomposition of gelatin and 
acid chromate of potassium, has likewise boen proposed. The action of light on this 
mixture produces a change in the gelatin, rendered evident on immersing the plate in 
water, by a difference of level of the various parts. A mould of this raised picture is 
then^taken in gutta percha, and a copper plate is made from the gutta-percha mould 
by the electrotype process ; this plate is again copied by electrolysis, and from this 
second copper plate the prints are struck off. This process gives the means of 
making an infinite number of multiplications of the same subject, but tile impressions 
obtained are not very distinct, IX. E. It, 

LIONIV. Syn. with Cellulose (i. 818). 

X.XCWXTX:. See Coal (i. 1032) and Fuel (ii. 721). 

XtXGlTOXXr. C^H^NO*. — A brown substance obtained by Reichel ( Xhbrr 
Chtnarinde und deren chemiseht lit stnndt/u > ile t Leipzig, 1850) from old Huanoeo cin- 
chona-bark, and further examined by Hesse (Ann. Cli. I'harm. cix. 311). It is very 
soluble in alkaline carbonates; the solution does not absorb oxygen from the air at 
common temperatures. The brown substance, boiled with caustic potash, gives off 
ammonia ; and the substance then remaining in solution appears to have the composi- 
tion C^H'^O 9 , agreeing with quinova-red and phlobaphene, and resembling a substance 
obtained by Reichel from red cinchona-bark. Hesse is of opinion that a brown humus- 
like substance, having also the composition C^li^O*, and essentially different from 
Schwartz's cinchona-rod (i. 9C9), is deposited in the barks of cinchona and other allieil 
species. 


LIONONB or JLYXiXTZS. These names were applied to a volatile liquid of vari- 
able com|HJsition, and boiling at ulxmL 60°, obtained from crude wood spirit by treatment 
with chloride of calcium, and subsequent rectification. Vdlckol (Fogg. Ann. Ixxxiii. 
272. 557) assigned to it the composition CGl'^O*; but the analyses made of it by other 
chemists, viz. Wei deman n and 9 eh woizc r, Lieb i g, K a no, and R. G mel in, exhibit 
great discrepancies (the percentage of carbon differing by about 10 per cent.), and Dancer 
(Chem. Sue. J. xvii. 222), by a more careful investigation of crude wood-spirit, Iuih 
shown that it is a mixture, in variable proportions, of metliylic alcohol, acetone, acetate 

of methyl, and dimethyl-acetal, CMI'HR *» ^CH*)*^* that the supposed lignum* 
or xylite has no existence. (See Methyl-acetal and Methyl- alcohol.) 


See Ligusthum. 

LZGT7B ITS. A mineral having the angles und character of spin no (Dufrcnoy), 
fi'iind in a talcose rock in the Apennines. 

-MOXTSTRXjr, Sec the next article. 

IiXOUBTRTniC WLGARE. Privet . — The ripe turrit* of this plant contain, 
according to NiekUs (J. Plmrni. { 3] xxxv. 828), a crimson colouring matter, ligulin, 
soluble in water and in alcohol, either pure or etherised, but insoluble in ether. It does 
not contain nitrogen, is not tiecom posed by 48 hours’ boiling with pure water, is coloured 
greon by alkalis (NickHs recommends this reaction for detecting acid carbonate of 
calcium in water), and reddened again by acids. It has not been obtained pure. 

The leave* of privet yield, according to Poh x (Arch. I’hami. |2J xvii. 75), a 
yellow, hygroscopic, bitter extract, called liguMrin, insoluble in ether and in abso- 
lute alcohol, but soluble in water and in dilute alcohol, forming solutions which do not 
give distinct reactions with any metallic salts. Strong sulphuric acid gives, with ligus- 
trin, a deep indigo-blue colour, changing on dilution to a cornflower-blue or violet. 

The leaves and bark of privet contain mannite. (Polex, toe . cit. Kromayer, 
*W. ci. 281.) 

&*XsUTB. A silicate of Iron from IVxibram in Bohemia, having the appearance 
of green earth or glauconite, and probably a product of the decomposition of iron 
pyrites. It is a dull, amorphous, earthy substance of blackish -green colour, and in fine 
powder, appearing translucent with lcck-irreen colour under the microscope. Hardness 
Vol. ILL y Y 
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— about 2. Specific gravity = 3*043. A specimen, as pure as could be obtained (it jj 
often mixed with iron pyrites and ferric hydrate), gave, by analysis, 32'4§ silica, 5 1*52 iron 
and oxygen, and 10*20 water ( » 94*20, including 1*96 carbonate of calcium, and 0*63 iro a 
pyrites), agreeing approximately with the formula ( 2Fe0.3Si0*.H'O).(Fe 2 )' , H 2 0\ 
UMACXV. A substance obtained by Braconnot (Ann. Oh. Phys. [3] x. 319 
from the garden-snail ( Limax agrestis). When dry it forms a white earthy mass, easily 
crumbled between the fingers. It is somewhat soluble in cold, more soluble in boiling 
water, soluble in boiling alcohol, in concentrated hydrochloric acid, and easily in alka- 
line liquors. The solution in cold water is precipitated by tannic acid, corrosive sub- 
limate, neutral lead-acetate, ferrous sulphate, and the acetates of copper and manganese 
but not by oxalate of ammonium. By dry distillation it yields carbonate of ammo- 
nium, and leaves charcoal with a small quantity of alkaline ash. 

liZMAX. According to A. Vogel and C. Iteiachauer (N. Jahrb. Pharm. ix. 179), 
many coloured snails of the genus IAmax contain a colouring matter which appears 
violet in dilute acid solution, brown or black in more concentrated solution. It is 
obtained by macerating the animals, freed from their viscera, with dilute nitric acid, 
and precipitating the solution with ammonia. The brown or black iridescent precipi- 
tate is insoluble in water and in alcohol. The nitric acid solution gradually assumes 
a crimson colour, then becomes colourless. The colouring matter, when ignited, leaves 
a largo quantity of phosphate of calcium. 

XaMBBUTS. Syn. with Chrysolite (i. 958). 

IZM2I. Oxide of calcium (see Calcium, i. 718). 

UStCXS, CHLOXXBE OF. See Chlorine (i. 904, 908) and Hypochlorites 
(iii. 237). 

XiXIMUB, OXXi OF. C ,0 H >6 . — The volatile oil of Citrus Limetta , obtained by distil- 
ling the torn and pressed rinds with water (i. 1003). 

IIME-FLOWEX, OXXi OF. A volatile oil, obtained from the flowers of Tilia 
europaa , by distillation with water (Brossat, J. Pharm. vi. 396), or by exhaustion 
with ether in a percolator. The amount does not exceed 0*1 per cent. It is lighter 
than water, very volatile, and has a strong odour of lime-flowers. (Gm. xiv. 378.) 

LXMS8TONB. The generic name of all rocks having carbonate of calcium for 
their principal constituent. The principal accessory constituents are as follows:— 
1. Silica and alumina. The former occurs in crystalline limestones, sometimes &s 
crystalline quartz ; in compact limestones, sometimes as sand in small quantity ; moat 
frequently combined with alumina, in the form of clay. Nearly all limestones contain 
small quantities of clay, and in some the quantity amounts to several units per cent., 
the limestone then passing into marl. Limestones also occur containing silicate of 
calcium, as at Gjellebak in South Norway. — 2. Iron : sometimes as ferric oxide, some- 
times as ferrous carbonate ; generally only in small quantities and traces. — 3. Manga- 
nese : either aH manganic oxide or as manganous carbonate. In still smaller quantity 
than the iron, and often absent altogether. — 4. Magnesia, as carbonate: a very frequent 
accessory constituent of limestones, but in true limestones not exceeding 0*5 to l'O 
per cent. When tho proportion is larger, the limestone passes into dolomitic lime- 
stone and dolomite. — 5. Phosphoric acid : appears to occur only occasionally, and in 
very inconsiderable quantity, no limestone having yet been found to contain more 
than 0*2 per cent, of it. — 6. Alkalis, namely potash and soda, have been found in a 
considerable number of limestones by Sqhramra (J. pr. Chem. xlvii. 440) and 
Pehling (ibid. 446). Schramm found from 01 to 0 3 per cent, alkali, for the most 
part as carbonate, in smaller quantity auTcbloride. Pehling obtained from aluminous 
limestones about 3 per cent, alkaline carftfmato. According to Schramm, soda always 
occurs in larger quantity than potash, about in the ratio of 2 at. soda to 1 at. potash. — 

7. Organic (bituminous) matter, probably in all limestones, excepting a few crystal- 
line ones; sometimes in mere traces, sometimes in more considerable quantities. In 
anthraconite, stinks tone, and bituminous limestone, the presence of organic matter is 
very conspicuous. 

The following enumeration of the sub-species and varieties of limestone is taken 
from Ure y s Dictionary of Chemistry , and originally from Januson f s Mineralogy .* 

1. Foliated limestone; of which there are two kinds — calc&par, and foliated 
granular limestone . The first will be found in its alphabetical place in this Dictionary- 
Granular foliated limestone. — -Colour white, of various shades, sometimes spotted; 
massive, and in distinct angulo-granular concretions ; lustre glistening, between 
pearly and vitreous; fracture foliated ; translucent; hard as ealespar; brittle; specific 
gravity (of Carrara marble) 2*717. It generally phosphoresces when pounded, or when 
thrown on glowing coals ; infusible ; effervesces with acids. It is a pure carbonate at 
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cafcfoBL Ooemqp in beds in granite, gneiss, &c., and rarely in secondary rocks; & is 
found in all the great ranges of primitive rocks in Europe, and affords the finest marbles. 
Parian marble, Fentelic marble, the Mar mo Greco, the white marble of Luni, of Car- 
rara and of Mount Hymettus, the translucent white marble of statuaries, and flexible 
white marble, are the chief of the white marbles which the ancients used for sculpture 
and architecture. The red antique nmrble, Rosso antico of the Italians, and Egyptian 
of the ancients; the Verde antico , an indeterminate mixture of white marble ana green 
serpentine; yellow antique marble; the antique Cipoliu marble, marked with green- 
coloured zones, caused by talc or chlorite ; and African breccia marblo, aro the prin- 
cipal coloured marbles of the ancients. The Scottish marbles are- -the red and white 
Tiree, the former of which contains hornblende, sahlite, mica, and green earth ; the 
Jona marble, harder than most others, consisting of limestone and tremolite, or occa- 
sionally a dolomite ; the Skye marblo ; tho Assynt in Sutherland, introduced into oom- 
merc# by Mr. Joplin, of Gateshead : it is white and grey, of various shades. The 
Glentilt marble; the Balachulish ; the Boyne; the Blairgowrie; and the Glenavon. 
Hitherto, but few marbles of granular foliated limestono have been quarried in England. 
The Mona marble is not unlike Verde antico. The black marbles of Ireland, now so 
generally used by architects, are lurullitee. Tho Toreen, in the county of Waterford, 
is a fine variegated sort ; and a grey marble, beautifully clouded with white, has been 
found near Kilcrump, in the same count)'. At Jjongh lough or, in Tipperary, a fine 
purple marble is found. The county of Kerry affords several variegated marbles. Of 
the Continental marbles, a copious account is given by Professor Jameson, Mineralogy , 
vol. ii. p. 502. 

2. Compact limestone; of which there aro three kinds— common compact lime - 
Htutie, blue Vesuvian limestone , and roestone. 

a. Common compact limestone has usually a groy colour, with coloured delineations. 
Massive, corroded, and in various extraneous shapes; dull; fracture fine splintery; 
translucent on the edges; softer than the preceding sub-species ; easily frangible; 
streak greyish-white; specific gravity 2 6 to 27. It effervesces with acids, and Burns 
into quicklime. It is a carbonate of calcium, with variable and generally minute pro- 
jkortions of silica, alumina, iron, magnesia, and manganese. It occurs principally in 
secondary formations, along with sandstone, gypsum, and coal. Many animal petri- 
factions, and some vegetable, are found in it. It is rich in ores of lead and zinc, the 
English mines of the former metal being situated in limestone. When it is so hard us 
to take a polish, it is worked us a nmrble, under the name of shell, or lumaccella 
marble. It abounds in the sandstone and coal formations, both in Scotland and Eng- 
land ; and in Ireland it is a very abundant mineral in all tho dist ricts where clay-slate 
and red sandstone occur. The Florentine marble, or ruin marble , is a compact lime- 
stone. Seen at a distance, slabs of this stone resemble drawings done in bistre. 

b. Blue Vesuvian Limestone. Colour dark bluish-grey, partly veined with white; 
rolled and uneven on the surface ; fracture fine earthy; opaque; streak while ; semi- 
hurd in a low degree; feels heavy. Its constituents are, lime 58, carbonic ueid 28*6, 
water somewhat ammoniaeal 11, magnesia 0*6, oxide of iron 0’26, carbon 0*25, and 
silica 1 25 (Klaproth). It is found in loose masses among unaltered ejected 
minerals, iu the neighbourhood of Vesuvius. In mosaic work, it is used for represent- 
ing tho sky. 

c. Roestone. Colours brown and grey; massive, and in distinct; concretions, which 
are round granular; dull; opaque; fracture of the mass round granular ; approaching 
to soft ; brittle ; specific gravity, 2 6 to 2 68. It dissolves w ith effervescence in acids. It 
occurs along with red sandstone and lias limestone. In England t his rook is called llath- 
*tone, Kctton-stoue, Portland-stone, and Oolite. It extends, with but little interruption, 
from Somersetshire to the banks of the Humber in Lincolnshire. It is used in 
architecture, but is porous, and apt to moulder away, as is seen in the ornamented work 
of the chapel of Henry VII. 

3. Chalk, already described (i. 845). 

4. Agaric mineral, or Rock-milk. Colour white; in crusts or tuberose pieces; 
dull ; composed of fine dusty particles ; soils strongly; feels meagre ; adheres slightly to 
the tongue; light, almost supernatant. It dissolves in hydrochloric acid with effer- 
vescence, being a pure carbonaLe of calcium. It is found on the north side of Oxford, 
between the Isis and the CherwelL, and near Chipping Norton *. as also in the fissures 
of limestone caves on the Continent. It is formed by the attrition of water on lime- 
stone rocks. 

fi. Fibrous limestone, of which there are two kinds — satin-spar, or tho common 
fibrous; and fibrous c&lc-sinter. Satin-spar. White of various shades ; massive, and 
tn distinct fthnni* concretions ; lustre glistening and pearly; fragments splintery; 
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'feebly translucent ; as hard as calcareous spar; easily "frangible; specific gravity 27. 
Its constituents are, lime 50*8, carbonie acid, 47*6 ? Stromeyer says it contains small 
quantities of gypsum. It occurs in thin layers in clay-slate at Alston Moor in Cum- 
berland ; in layers and veins in the middle district of Scotland, as in Fifeshire. It u 
sometimes cut into necklaces, &c. 

Fibrous calc-sinter. Used as marble; the ancients formed it into unguent vases, 
the alabaster-box of Scripture. See Calc-sinter (i. 720). ^ 

6. T u f a c e o u s 1 i m e s t o n e, or C a 1 c - 1 u f f . Colour grey ; massive, and in imitative 

shapes; enclosing leaves, Bones, shells, &c. ;’dull; fracture fine-grained tin even ; opaque; 
soft; feels rough; brittle. It is pure carbonate of calcium. It occurs in beds, 
generally in the neighbourhood of rivers; near Starly-burn in Fifeshird, and otht-r 
places. Used for lime. 7 

7. Pisiform limestone, or Peastono. Colour yellowish-white ; mas&ve, and 
in distinct concretions, which are round granular, composed of others which aid very 
thin and concentric lamellar. In the centre there is a bubble of air, a grain of sand, or 
of some mineral matter ; dull ; fracture even ; opaque ; soft ; brittle ; specific gravity 
2*582. It is carbonate of calcium. It is found in great paasses in the vicinity of 
Carlsbad in Bohemia. 


8, Slate-spar; Schieferspatk. Colour white of various shades ; massive, and in 
distinct curved lamellar concretions ; lustre glistening and pearly ; feebly translucent ; 
soft; between sectile and brittle ; feels rather greasy; specific gravity 263. Its consti- 
tuents are, carbonate of calcium, with three per cent, of oxide of manganese. It occurs 
in primitive limestone, in metalliferous beds, and in veins. It is found in Glentilt; 
in Assynt ; in Cornwall ; and near Granard in Ireland. 

Aphrite (i. 349). 

-10. Lucullite; of which there are three kinds — compact, prismatic, and foliated. 

a. Compact lucullite is subdivided into common or black marble ; and stinkstone. 

a. The common compact. Colour greyish-black ; massive ; glimmering; fracture fine- 
grained, uneven; opaque; semi-hard ; streak dark ash-grey; brittle; specific gravity 3. 
When two pieces are rubbed together, a fetid urinous odour is exhaled, which is in- 
creased by breathing on them. It burns white, but forms a black-coloured mass with 
sulphuric acid. Its constituents are, lime 53*38, carbonic acid 41*6, carbon 0*75, mag- 
nesia and oxide of manganese 012, oxide of iron 0 25, silica 1*13, sulphur 0 25, 
chloride and sulphate of potassium with water 2 62 (John). It is said to occur in beds 
in primitive and older secondary rocks. Hills of this mineral occur in the district of 
Assynt in Sutherland. Varieties of it are met with in Derbyshire ; at Kilkenny ; in 
the counties of Cork and Galway. It is the Nero antico of the Italians. 

0. Stinkstone or Swinestone. Colour white of many shades, cream-yellow, grey, 
black, and brown ; massive, disseminated, and in distinct granular concretions ; dull ; 
fracture splintery ; opaque; semi-hard: streak greyish- white ; emits a fetid odour on 
friction ; brittle ; specific gravity 2 7. The same chemical characters as the preceding. 
Its constituents are, 88 carbonate of calcium, 4*13 silica, 3*1 alumina, 1*47 oxide of 
iron, 0*58 oxide of manganese, 0*30 carbon, 0*58 lime ; sulphur, alkali, salt, water, 2*20 
(John). It occurs in beds, in secondary limestone, alternating occasionally with 
secondary gypsum and beds of clay. It is found in the vicinity of North Berwick, 
resting on red sandstone, and in the parish of Kirbean in Galloway. It is employed 
for burning into lime. 

b. Prismatic lucullite. Colours black, grey, and brown ; massive, in balls, and m 

distinct concretions; external surface sqnfetimes streaked, internal lustre shining, 
cleavage threefold; translucent on the semi-hard ; streak grey ; brittle ; when 

rubbed it emits a strongly fetid urinous ]K©eli ; specific gravity 2*67. When its powder 
is boiled in water, it gives out a transient hepatic odour. The water becomes slightly 
alkaline. It dissolves with effervescence in hydrochloric acid, leaving a charcoaly re- 
siduum. Its constituents resemble those of the preceding. It occurs in balls, in 
brown dolomite, at Building-hill near Sunderland. It was at one time called moan- 
porite. v , 

c. Foliated or sparry lucullite. Colours whito, grey, and black ; massive ; disseminated 
and crystallised in acute six-sided pyramids ; internal lustre glimmering ; fragments 
rhomboidal ; translucent; semi- hard; brittle; emits on friction a urinous stow » 
specific gravity 2*65. In other respects similar to the preceding. It is found in veins 
at Andreftsberg in the Harts. 

U. Marl ; of which there are two kinds, earthy and compact. Earthy marl hss * 
©lour; consists of fine dusty ^particles, feebly coking; duU ; soils slightly; 

* effervesces with acids; and emits a urinoossmell when first j|ng n P* 
uents are, carbonate of calcium, with a little silwa^^ttdbftiiwen. It oca** 1 
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* beds in the secondary limestone and gypsum formations in Thuringia and Mansftftd. 

in ar l has a grey colour ; is massive^ vesicular, or in flattened balls ; contains 
irSetion* : dull ; fracture earthy, but in the large masses slaty ; yields to the nail; 
nue * streak greyish-white ; brittle ; feels meagre ; specific gravity 2 4. - It inttt- 
op before the blowpipe, and melts into a greenish-black slag. It effervesces with 
n,e ^i te constituents are, carbonate of calcium 50, silica 12; ulumiim 32, iron and 
!!xide of manganese * (Kir waul It occurs in beds in the secondary tloetz limestone. 
It is frequent in the coal-formations of Scotland and England. 

12 Bituminous marl-slate. Colour greyish -black ; massive, and frequently with 
- - * 1 1 .rliu+nniiur • franf-tir#* ulrttv : omtoue : shinim? 



eontaiqp cupreous 
It abounds in the Harlz. 


(J am eson.) 


tlMBTTXC ACID. C n H H 0" (H. Vohl, N. Ber. Arch, lxxiv. 10).-- An acid 
produced, together with formic and acetic acids, by treating oil of lime, or oil of rose - 
J rv with acid chromate of potassium and sulphuric acid. As soon as the action is 
finished the liquid is diluted with water, and the limettie acid, wliieh separates as a 
resin is washed and purified by repeated solution in aqueous carbonate ot potassium, 
precipitation with nitric acid, and recrystallisation from alcohol. 

Limettie acid is white, crystalline; volatilises when heated, and forms a crystalline 
deposit on cold bodies. It has neither taste nor smell ; dissolves sparingly in water, 

< ^The” Uver-satt, C l, H a Ag"0* ( obtained by adding nitrate of silver to the acid neu- 
tralised with ammonia, forms a powder sparingly soluble in water and blackening $|| 
exposure to light. 

LIMOMTIV< The bitter principle contained in the pips id oranges anil lemons. 
It forma small, bitter crystals, sparingly soluble in wufrr. ether, and ammonia; easily 
id alcohol, acetic acid, and p< dash ; from the potash-solution it in precipitated by acids. 
Sulphuric acid dissolves informing a red liquid, from which the limomu is preeipilattui 
bv water. Nitric acid dissolves it without alteration. It melts at 121", ami solidities 
!.» au amorphous mass on cooling. According to Sebnndt’s analysis (calculated with 
t lie old atomic weight of carbon), it contains (Hi o l <hr(i2 per cent, carbon, and 

•i-32 «-49 hydrogen, whence Schmidt dcdti.-cd 1 lie formula (/'IPO". (Bernays, 

Ituchners lb*p. [3j xxi. 300.— Sell mid t, Ann. Ch. Pharm. li. 338.) 

LIMONXTB. J frown l hematite. Hydrous Sesqumxah of Iron (See IilON, OXIDBR 
ok, p. 395.) 

LXBARITB. PbSO'.CuH 2 © 2 . Cupreous Stdjthafr of Js-ad . Cupreous A nyfesife, 
TlhUasur. Kupferbleispath.— Occurs in crystals belonging to the monoelimc syHem. 
Speciilc gravity .V2-5 5. Hardness 2 5-3. Lustre vitreous or adamant me. Colour 
deep azuiv-blue. Streak pale blue. Translucent, bractureconchoid.il. Analysis by 
Brooke, 75‘4 sulphate of lead, 18 (1 oxide ot copper, 47 water , >y » 

7 1-8 sulphate of lead, 197 oxide of copper, and 5 5 water. It occurs at 

i. n _ . t ^ /'i*n /t 1 AwttotiJu bnfri^ftmAU utl 1 Ill'll lOllil . lit iilBUrCH HI 

angles ite to 
see p. 402. — 

, L" J ------- 

Dana, ii. 391.) 

l»COX.iriTS. See Stii.iutk. 

IiXirDACXBRlTE. A mineral consisting of arsenite of copper with basic sul- 
phate of nickel, and water ; and containing, according to Li n d ae ' c r s i ana } hik (. a l j. 
k. K. Geol. Rrieh.. iv. »2), 28-48 A^O« «14 SO*. IJ 

water ( = 9973), agreeing nearly with the formula r»(As ) * • •" .* . 

Specific gravity 2— 2*5. Hardness 2—2 5. Lustre vitrw.us. olotir %ert igr h 
apple-green. Streak pale green to white. It dissolve* after longi r i« a mg in y 
chloric acid. (Dana, ii. 500.) 

A uiilmitinnA from JAnum cathartirnm (Pagon stechor, Ann, 

Ch. Pharm. ... 

Kepcrt. Pharm 
of the plant-with 
acid, whicl 
and leave 


at Roughton Clill in Cumberland, in crystals sometimes an inch long; at 
Spain, and near Ems. It occurs altered to nrusite, a change like that ot 
eerusite. (Brooke, Ann. Phil. [2] iv. 1 1 7-— Thom son, Phil. Mag. 18 10 ; s 


. A crystallisiiblc substance from Lin«m cathartirnm {\ 

.. xl. 32*2. — Hamlw. .1. Chmm. iv. 924). Aacowl.n* to 

arm. x. 11 ). the beet mode of preparing it ia lo dipat “ emiKidendde quantity 
laouwith dilate milk of lime ; mix the filtered yellow lnmid 
lich forma a precipitate remaining euep.ndcdin the liquid; iigitote w it h ethe^ 
re the liain to ^fto ho m the ethered MtaUo. .It 


crystals, ha ying » gilky ]«(pwitr than water, diaaolrin^ v 4 jr aparingly ilf ayr . 


very earily fa alcohol iad etl *r, fmewbat leea eaaily ftt acetic acid and in chl owtej 
The ifMNi solution alcoholic aolution intonaely and 
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bitter, Lin in melts and decomposes when heated. It gives b^« analysis 62*92 per 
cent, carbon and 4*72 hydrogen ; do$s not evolve ammonia when boiled with miiy 0 f 
litpe. 

IXWNJSZTB. Native sulphide of cobalt. * * - 

X.ZWOX.BXC ACID. Papavcrolcic acid. Trockenoteaur€.~Q'*B?*Q*. (Pelouze 

f id Boudet, Ann. Ch. Phys. [2] lix. 43.~Laurent, ibid. lxv. 159 and 298. — Liebig, 
nn. Ch. Pharm. xxxiii. 113. — Sacc.^'d. li, 214. — Schiller, <fo^.ci.252/-— A.C. Oudo- 
manns, Jun. Scheik. Onderzoek. i. Stuk. 184. — Cm. xvi. 306). — An oily acid occurring 
in linseed and poppy oils, and perhaps also in other drying oils. To prepare it, linseed 
oil (or poppy oil) is saponified* and the soap purified by repeated salting out, after 
which it is dissolved in a large quantity of water, and thrown down by an excess of 
chloride of calcium. The precipitated calcium-salt is washed, pressed, and digested 
in ether, which dissolves out the linoleate of calcium, and leaves the salts of ttfb solid 
fit tty acids undissolved. The ethereal solution is decomposed by cold hydrochloric 
acid, whereby the linoieic acid is separated, and remains dissolved in the ether; the 
solution is drawn off, and the ether distilled at as low a temperature as possible, in a 
stream of hydrogen. There then remains dark-yellow linoieic acid, which is dissolved 
in alcohol, and precipitated by ammonia and chloride of barium. The barium-salt, 
after being washed and pressed, is dissolved in ether, and the warts and granules,' 
'gradually formed in the solution, are repeatedly recrystallised from ether. From the 
barium-salt the acid is separated by agitating with ether and hydrochloric acid, 
pipetting off the ethereal layer of liquid, and distilling off" the ether ; it is dried in a 
vacuum over oil of vitriol and a mixture of lime and sulphate of iron (Schuler). A 
similar method is employed by Oudemanns, who, however, prefers precipitating the 
Fjrioleate of sodium by chloride of calcium in a strongly ammonia cal solution. Sacc 
digests linseed oil with oxide of lead and water, at a gentle heat; exhausts the pale-grey, 
greasy soap with ether, which leaves margarate (palmifate according to S chiller) and 
a little basic linoleate of lead undissolved ; evaporates the ethereal solution ; and 
decomposes the residue with hydrochloric acid. The acid thus obtained is washed with 
boiling water, dissolved in ether, and recovered by evaporating the solution. Or he 
decomposes the lead-salt with sulphydric acid, and extracts tho linoieic acid with 
ether. 

Properties, — Linoieic acid is a faint-yellow, limpid oil, of specific gravity 0*9206 at 
14°, having a high refractive power, and a weak acid reaction. It does not solidify at 
18° ; tastes mild at first, afterwards harsh (Schul er). It is more limpid than poppy 
oil (Oudemanns). It is insoluble in water , but dissolves readily in ether, less easily 
in alcohol. 

Decompositions — 1. On standing in the air for ten weeks, the acid absorbs 2 per 
cent, oxygon, and becomes viscid and tough (Schuler). It takes up moro oxygen the 
fresher it is, and thickens, so that at last it will scarcely flow, but remains colourless, 
and does not evolve carbonic acid (Oudemanns). A thin layer on wood exposed to 
the air forms a varnish; on glass it only becomes tough (Schuler). Linoleate of 
potassium or sodium, containing an excess of alkali, exposed in the finely divided state 
to tho air, absorbs oxygen greedily, and becomes yellow and dry ; it then dissolves in 
water with dark brown-red colour, and deposits, un addition of hydrochloric acid, a 
brown greasy resin, similar to that produced by the action of nitric acid (Sacc).— 
2. By ary distillation , products arc formed, different from those yielded by oleic acid 
(Laurent). — 3. With nitric acid , the acid swells up considerably, and yields a greasy 
resin, suberic acid, and a littlo oxalic acid, the last probably derived from adhering 
ether (Sacc). Nitrous acid and mercurous nitratS do not form elaidic acid with linolch 
acid. (Pelouze and Boudet ; Laurent jjfSchiiler; Oudemanns.) 

Linoleatcs , — The mono-acid suits are diifceplt to obtain pure, and generally contain 
too small a proportion of base, on account' of their easy conversion into acid salts 
(Schuler, Oudemanns). They arc white, for the most part uncrystallisable, and 
separate from their hot solutions in flakes ; by spontaneous evaporation they are 
obtained in the form of a jelly. When exposed to the air, they become coloured and 
odorous. They are soluble in alcohol and ether. (Oudomanns.) 

'35tart«m-sa/*. — The salt produced by mixing chloride of barium with the acid to which 
a large excesB of ammonia has been added, contains a portion of' baryta, varying from 
12*04 to 24 per cent. (C w H 54 Ba"O l * 23*46 per cent. BaO). It is white ; separates from 
alcohol on cooling in microscopic crystals, and from ether on spontaneous evaporation, 
m more distinct crystals. When exposed to the air, or when kept, and also on 
Jloiting with alcohol, it becomes yellow and sticky. It dissolves very easily in ether, 
km p&lj in alcohol; and is insoluble in water. (Oudemanns.) 

; cmciufn'Salt resembles the barium- salt. It was only once obtained of the com- 
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position (WWO 4 (containing 9 72 per cent. CaO), and mostly contained* a smaller 
proportion of limeH (O uasma n ns.) 

The cupric salt 'is bluish-green, insoluble in water, and nearly so in alcohol. 
(Oudemanns.) - / 

Theiicid dissolves a Iirge quantity of oxide of load, and forms there- 
with a solid, plaster-like mass; with a eta all or quantity of oxide of lead it forms a 
thick liquid whiclb on exposure to tho air, remains for a long time greasy, and of tbs 
consistence of , ointment (Liebig). The ethereal solution of the lead-salt bccotflfes 
resinised during evaporation, and throws down a white b»udc salt, upon which an acid, 
red-brown, jelly-like salt is deposited ; this last smells like linseed-oil, and shows a 
varying composition on analysis. Exposed to the air in thin layers upon wood, lino- 
loate of lead does not form a varnish, but strips off in scales. (JSacc.) 

The magnesium-salt is insoluble in water. 

Silver-salt. — Nitrate of silver throws down, from the sodium-salt, a white precipitate, 
which easily blackeus from reduction of silver. It dissolves readily in aqueous ammo- 
nia, and, on evaporating the solution, a portion crystallises out; another portion is 
decomposed and colours the liquid black. (Oudemanns.) 

Sodium-salt . — When the acid is dissolved in caustic soda, salted out with chloride 
of sodium, and dried, and the residue is freed from chloride of sodium by dissolving it 
in ether and evaporating the solution, an acid salt is obtained containing 7*5 per cent. 
Na’O, and agreeing with the formula 2C W IT" NaO 11 . C 1 • H w O'*' ; by calculation, 7*75 per 
cent. Na*OZ 

The zinc-salt is insoluble in water. 

LIVSESS. The seed of the flax plant ( Lhium usitatissimum). Tho following 
analyses of it are given by Way (Joum. Roy. Agr. Soc. x. pt. 2.): 


Composition of Linseed, 


From Riga 

Nitrogen, 
per cent. 

. 3*60 

Fat, 

ppr rent. 

34*70 

Ash, 
per rent. 

5*25 

Water, 
per cent, 

946 

„ Memel . 

. 3*33 

36*00 

3*56 

8*74 

„ the Black Sea 

. 3 31 

38*42 

5 64 

10-22 

English, 1847 

. 4*60 

36-60 

2*68 

12*33 

B M 

. 6*28 

32*77 

3 30 

11*00 

B 1* 

. 4*25 

33*50 

4*08 

10*58 

„ 1848 

. 1 *29 

38*1 1 

4*03 

8 67 


33 samples of oil-cake, obtained by expressing the fixed oil from linseed grown in 
various countries, exhibited an amount of nitrogen varying from 3*92 to 5*2/5 per cent., 
fat from 6 60 to 15*32 per cent., ash from 5*45 to 22 66 per cent, water from 6 56 to 
10-26 per cent. The quantity of albuminous substances calculated from that of the 
nitrogen varies in the 33 samples from 26 to above 30 per cent. 

Anderson (Highland Agr. Soe. J. new series, No. 69, p. 376) found in linseed, 
24*44 albuminous substance ; 34*00 oil ; 30*73 gum, sugar, and cellulose; 3*33 ; ash and 
7*50 water. 

Meurein (J. Pharm. [3] xx. 96) hus analysed the several parts oflinsced with the 
following results : 


Episperm 21 


Endosperm 23 . 


Gum and soluble salts .... 


. 14 

Soft resin and fixed oil 


1 

Water ....... 


2 

Matter insoluble in water and in ether . 


4 

Soft resin and fixed oil 


. 6 

Water ....... 


2 

Matter soluble in water 


8 

Matter insoluble in water and in ether . 


. ia 

Fixed oil ..... 


.30 

Water. ...... 


. 6 

Matter soluble in water 


. 3 

Matter insoluble in water and in ether. 


. 18 
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For analysis of the ash of linseed, see Fj.ax (ii. 657). 

Linseed also contains a lar^c quantity of mucilage, which is deposited in th* 
outer layers of cells of the epidermis, and swells up when the seed is macerated with 
water, so much as to burst the cell-walls. 1 pt. of linseed boiled with 16 pts. water vUld* 
a mucilage thick enough to be drawn out into threads, and forming a dark -coloured 






XjkSia&tLV * 

mamhige contains, in additioj^pn tree TegateMe mnd. 
, ,■ organic acid, perhaps Mh-cbnstitn«itt 

88 phosphates, pa^SnH»«*:ih the ash with 
|P8wd mtieilage, precipitated b y ^gjeut^ ash, eon. 

lent, carbonic acid (Schmidt, Ann. Ch. Pharm. & J^uciLaob. 

OZXm Refuted odexpressed from the see^tajp 

t property 
ittle mass, 
hcid, together 
ir differences 
gnnj, and albumin, 


J*:tak en as the type of the class of oils galled dryin g^oixs, j 
lying up, when exposed fo the 1 * air, to a transparent re6ino^~moi ' 

^probably all resemble linseed oil in containing a glyceride of linolr * J 
with pal mi tin (and perhaps stearin), by the vafyfiig proportions of which 
are determined. In the impure state, they contain also mucus, gun 
together with a yellow colouring principle possessed of taste and smell/ 

The cold-pressed oil of fresh linseed is pale yellow, and without disagreeable taste. 
The commercial oil is dark yellow, and has a sharp penetrating smell and haste! 
.S^bqiJlo^^gTavity at 13° = 0*9347 (Schuler, SchiiMer), 0*9337 (van Kerchoff; 
^uhltfeber, 1859, p. 701); other statements vary between 0*928 and 0*953, Specific 
gHMty&t 12° = 0*9395; at 25° « 0*931 ; at 50° « 0*9125; at 94° - 0*8815, that of 
W&teg at 15 ° being taken as unity (Saussure). It does not solidify at - 15° to — 16° 
(OuSsCrow), nor at — 2$° (Brandis); according to Sc hitler' it deposits a little 
6olid fat At — 18°. It contains, on an aversige, 78*11 per cent. C, 10*98 II, and 10*93 O 
■(Saco); the* cold-drawn oil contains, on an average, 75*17 per cent. C, 10 98 H, and 
f 19-85 O, corresponding to the formula C l5 JH H 0* (Lofort). (SeB. Saussurc’s analysis, 
i$knn. Cli. JPhys. [2] xiii. 338.) “** 

contains margarin (palrnitin, according to Schuler; stearin, according to 
vinyerdorbon), and a glyceride of linnleie acid (Sncc). By saponification, it yields 
^tK Inargarate, and -ftths linoleate of lead (Gus.se row, Kasfn. Arch. xix. 80). 

Linseed oil exposed to sunshine for some weeks, in contact with amiqueous solution 
o#£p equal weight of proto.su Ipliatn of iron, becomes limpid and colourless. Exposed 
^^He r ttir. in thin layers, it dries up to a transparent, resinous, moderately elastic mass, 
wil^bling caoutchouc ; when heated, however, it does not melt, but carbonises and 
(Louche, Kastn. Arch. iii. 107). A peculiar fat is produced at the same time, 
together with a crumbly substance, insoluble in ether (Iloppe, J. pr. Chem. Ixxx. ' 
117). Mixed with chalk so as to form a powder, and exposed to the air for four 
weeks, it dries up completely, and on dissolving out the carbonate of calcium with 
hydrochloric acid and exhausting the residue with ether, a white mass of the 
consistence of tar is obtained, which behaves like oleic acid altered by exposure to the 
air. There remains behind resinous linseed oil in the form of a yellowish conglome- 
rate mass, which is insoluble in alcohol, ether, volatile and fixed oils, is converted by 
alcoholic hydrochloric acid into a tarry substance, and dissolves in caustic potash 
(Un vordorben, Schw. J. xvii. 245). 

Impure oil, containing mucus or albumin, becomes rancid in the air, more quickly 
in sunshine, and has then a repulsive odour and taste, a dark colour, and acid 
^reaction, Concerning the formation of ozonised oxygen in the oxidation-of linseed oft 
jfrfWfi ^ch on be in (J. pr. Chem. lxxiv. 338). When the oil is boiled for some time, 
loses about i of its weight, it becomes thicker, tenacious, and viscid, and 
drm& up still more readily than in the fresh state to a tough, turpentine-like mass, 
scarcely soluble in oils: Printers' varnish. (See Ink, p. 272.) 

Linseed oil (also nut or poppy oil), heated to about 323° — 375°, takes fir# 
and burns quietly, without further heating from without, till Ur or charcoal remains. 

the burning be interrupted by closing the vessel, there remains a brown, furpontine- 
.jlKke body which may be used as birdlime. When this substance is boiled Con- 
'tinuqualy with water containing nitric acid (water -bling added to prevent the too 
0 f tfif. acid), an odour of acrohjh is constantly evolved, anA the 
solid, of the consistence of playfja*, resembles India-rubber^ and no 



to the fingers. It is then not completely fhsiblc, dissolves to an 
sulphide of carbon, shrinks when boiled with concentrated caustic 
isolves only on addition of water, and is again precipitated from the solution 
This substance is soluble in alcoholic potash and prccipitable by acids; it 
Father free from alcohol, and partly dissolves in a larger quantity of «*tfcier; 
“•f^cipitates it from the solution* In rock-oil it swells without dtnu^Mhg; 
uittlo oil of turpentine, but dissolves completely in a larger quantify, and 
Unaltered on evaporation. Linseed and nut oils yield eight or ten times as 
#u<& Of this cadiitchouc-bke substance as poppy oil (Jonas, N. Br. Arch. xivi. 159; 
JT. pr. Chem. ntxvii. 381). 

Linseed oil submitted to dry distillation gives off) without boiling, wfitH w^mponrs, 
Sfhich condense to a colourless oil, having an odour of bread ; on the disapp&mkbbe of 
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" , , v 
. boil, expands, and yields a dii 
» ;* c WW resembling jolly SiuP^aottb 


these 
pwii: 

v (Saee) r ^ 

8ulphur $im$Y& in hot Jinsoed ©il with red colour, partially 
cooling ; a longs?;'; heating, the oil takes up, with evolutional sulphydnc - 
*~—,s therewith a brown twcid mew»i fatty balsam , 
lex, N. Bt. Arch, ti:i5 ; also Re insch. J. pr. < 



weight 

(See , ... , ir __ „ , _ , w 

136.) LihSeecLoil disdolye| selenium (Beraeliif*,) it dissolves nearly ^Cth a\ 
acid, Vhereby it is rsnd&TVd heuvier/preeipitable by oil of vitriol aud hydr 
add, and coagulable by alkalis (W. Henry, Sehw, J, ii, 636), Phosphorus boiled 
with linseed oiT acquires a scarlet colour (Roinsch. J, pr. Chera. xiv. 267), HeatM 
with Jth its Weight of phosphorus to 76°, the oil become * “ * ‘ * 


, v t becomes brown-black, and after 

coohng forms a |eathery substance insoluble in linseed oil; £th phosphorus forms a 
thia tar, which, mixes with the drying oils. (Jon as, N. Br. Arch. Ixx. 130.) / 

When linseed oil is heated with ^rd iodine, there paos over, first iodine? then^ an . 
enipyreumatic oil coloured brown by iodine; afterwards white vapours 
acid are evolved, followed by a thick yellowish oil, and at last charcoal, -c0ggj| 
iodine, remains. (Re insch. J. pr. Chera. xiv. 263.)-" : ■%. 

Brominated linseed oil is obtained by drenching the oil with 8 or 10 parts M 
water, heating it to between 50° and 80°, und adding bromine by drops as dong as th* 
colour disappears, removing tlie excess of bromine, if necessary, by further addition ® 
oiL The product is then washed 'frith warm water and dissolved in other ; 
solution is slutkw* up with warm water, and the brominated oil thus fMp; 
id dried at 120°. It is brown, smells like linseed oil when heated, has a spsefft* 
gravity of 1-345 at 14-5°, and contains 4077 per cent, bromino, cor responding U> tSfe 
formula C ,6 Br*H 26 O l . Chlorinated linseed oil, prepared in like manner, is a dark-yellow, 
thick liquid, of specific gravity 1 088 at 6-6°, and contains 22-62 per cent, chlorine 
(C ,4 Cl l *H*®O a ). (L ef or t, J. Phitrm. [3] xxiii. 343.) M ; 

On mixing from 15 to 26 pts. chloride of sulphur with 100 pts. linscedqjJi 
ure obtained, which are the harder the more ehlorid* .0 


caoutchouc-like product 
sulphur they contain, and aro not attacked by moderately dilute acids and nqtiootii 
alkalis, but are ultimately saponified by concentrated alkalis. They become brown at 
120°, and blacken and melt at, a higher temperature. The addition of 6 per cent, 
chloride of sulphur thickens linseed od» but d<x*s not cause it. to harden ; the product 
still retains the solubility of the fatty oils. When to a solution of 1 pt. linseed oil in 
30 or 40 pts. sulphide of carbon, a quantity of chloride of sulphur is added equal to 
{th the weight of the oil, the mixture remains fluid for some days, and dries up 
to a Varnish on wood. (Perra, Coinpt. rend, xlvii. 878; seo also Compt. rend, 
xlvii. 972.) 

With {th its volume of syrupy phosphoric acid , linseed oil becomes brownish-yellow 
or green. (Calvert.) 

Cold strong sulphuric acid colours it yellowish-brown (Gaultier de Claubry), 
4ark red-brown (Held enreich, van Kerckhnff); it coagulates the oil, colours 
purple-red, violet^ and black, and evolves sulphurous and formic acids j and th<*i*aj 
remains at last a tough, black, ropy, saponifiable mass (Sacc). From this lukt, W|jcr 
and alcohol take lip substances which precipitate gelatin : Hatchett's artificial tannin . 
A mixture, of 5 volumes linseed oil with 1 volume sulphuric acid of specific gravity 
1*478 to 1*635, shaken vigorously, becomes green in 15 minutes (Calvert). When 
15 grs. linseed oil are mixed with 7.} grs. sulphuric acid containing 90 per cent. H 8 80V 
the temperature rises to 75°. (Fell ling, Jhngl. pol. J. cxxix. 63.) 

Linseed oil takes fire with fuming nitric acid. Linseed, hemp, and poppy oilst&lvP 
fir* more easily than nut-oil ; with dilute nitric acid an addition of sulphuric acjd^fik! 
necessary (Rouelle). A vigorously shaken mixture of linseed oil wit h {th its. 
of nitric acid of specific gravity 118 to 1*22, becomes yellow in 6 minutes j, 
of specifle^ravity 1-33, green to brown; with nitro-sulphuric (equal' 

vitriol and nitric acid), green (Culvert, Phil. Mag. [4] vii. 101 ; J. pr,€ 

Be* also Lescallier, J. Pharm. xiii. 203. Linseed oil shaken with water 
dilute nitric acid, is decolorised after some time, and converted ipto a va; 

1782,49). On dropping 2 to 4 drams of strong nitric acid into a hundrn 
not tinned oil, a slimy sediment is formed, with frothing, and the oil is cha^ 
varnish ** with oxide of lead (Jonas, Ann. Ch. Pharm. xxkiy, 238), — A mU 
1 pt. linseed oil, and 2 pts. commercial nitric acid, heated with 4 times its bulk of; 
acquires a red colour, swells up, evolves nitric oxide, and forms a tough, elustie 

fains margaric acid, and«tbo mother-liquor oxalic and suberic acids. Th* 
.with nitric acid, again becomes oily, and is then decomposed (the mar* 
&«mly remaining), with formation of suberic and pimclic acids und a volatile 
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fatty substance having the ©dour of butyric acid (Shcc):— W ith nitrous arid Ihuguj 
oil does not form elaidic acid. (Pelouze and Boudet.) . 

In contact with aqueous ammonia and alcohol, it is attacked with ’difficulty, and 
yields a small quantity of warty crystals of an amide which*' melts at 100°, solidifies af 
97°, an^Klissolves easily in alcohol ; it contains, on an average, 75*25 per cent, Q, 13*02 
H, and 5*03 N, and has therefore the composition of margararaida, with which it is 
identical. (Rowney, J. pr. Chem. Ixvii. 159.) 

Linseed oil yields, with alkalis , a very soft soap. On heating with Jth its volume 
of caustic soda of specific gravity 1*34, it turns yellow and remains fluid (Calvert). 
By distillation with an*exeess of alkali, it evolves hydrogen, together with a fishy odour, 
and yields a green distillate. (Al. Mil ller, Handworterb., vi, 874.) 

Potassium and sodium oxidise in linseed oil somewhat more quickly than in volatile 
oils, with formation of soap. (Gay-Lussac and Th^nard.) 

Linseed oil is oxidised with peculiar facility by acid chromate of potassium find 
dilute sulphuric acid, and yields an acid, strongly-smelling distillate. (Arebach^r 
Ann. Ch. Pharm. lxxiii. 199.) , ./ . * 

It dissolves oxide of lead when heated, and is decolorised thereby and rendered more 
easily drying, forming what is called boiled oil (see Liebig, Ann. Ch. Pharm. xxxiii. 
110; W. Henry, Setter. J. ii. 636; Schindler, N. Br. Arch. xli. 146; Varren trapp 
Handworterb. iii. 123). When shaken with basic acetate of lead and left at resu lt 
throws down a turbid mucus containing oxide of lead, above which is a yellow Var- 
nish containing 4 or 5 per cent, oxide of lead. Exposed to the sun in contact with 
mercuric oxide, it reduces the mercury to a liquid mass (Fuchs, Ann. Ch. Pham, 
xx. 200); partial reduction takes place in strong sunshine, the oxide becoming blackish* 
grey; but it is only when heat is applied, that a small quantity of metal is obtained. 
(Ann. Ch. Pharm. xx. 200.) 

Linseed oil dissolves, according to Bucholz, in about 5 pts. of boiling and 40 ptu£* 
of cold alcohol; according to Braudes (Gilb. Ann. xliv. 289), in 32 pts. alcohol of 
specific gravity 0*82 and in 1*6 pt. ether. 

UPARITE. Syn. with Fi.uou spa ri (ii. 677). 

X.XPXC ACID. C*H"O s = C 5 H 6 0‘ . ITO according to Laurent (Ann. 0# 
Phys. Ixvi. 169); C a II H 0‘ according to Wirz (Ann. Ch. Pharm. cv. 257); the latter < 
formula places it among the homologues of oxalic acid, included in the general formula 
Oj£?n— ap*. This acid, discovered by Laurent, is produced, together with pimolic, su- 
beric, adipic, and other acids, by the action of nitric acid upon oleic, stearic, or palutftie 
acid, and is contained in the mother-liquor which remains after the pimelic andsube$© . 
acids have been separated. ' 

The best mode of preparing it, is to heat oleic acid in a retort for about 12 how* 
with an equal weight of nitric acid of ordinary strength, then add fresh nitric ucid, apd 
repeat the operation four or five times. The united solutions are then to be evaporated 
to a fourth of their bulk, and the concentrated liquid left at rest, till pimelic and SV 
h boric acids crystallise out. The remainder of the nitric acid must then be removed from, 
-the mother-liquor by evaporation as completely as possible, taking care that the mUfl. 
doos not blacken from too great concentration ; the crystals which separate from jjjjf ' 
consisting of adipic and lipio acids, are dried and dissolved in hot ether, which leaven 
a few brown impurities undissolved; the solution is left to evaporate to half its bulk#~ 
and the liquid which covers t lie crystals is evaporated. The two products thus obtained^ 
by evaporating the ether are separately dissolved in boiling alcohol, and the solution* 
are left to evaporate in the air. By repeating these operations several times, two acid* 
are obtained, viz. adipic acid crystallised in rounded tuberculous aggregated gra^ns^ 
and lipic acid in slightly elongated laminae (Laurent), in translucent crusts madp^~' 
of nodular groups of small prisms. (Wirz.) / 

Lipic acid is moderately soluble in cold water.. When a few grains of it are hpu. 

* on a watch-glass, till partial fusion takes place,' the acid crystallises on cooling w 
fibrous mass, while a portion volatilises and condenses on the lion-melted mas* in 
beautiful needles having the form of prisms with rectangular base. 

The acid crystallised from water, contains 1 at. water, which it loses by sub) jnfntioo, ’ 
the anhydrous acid then condensing in long shining needles (Wirz). Its vafxntr fir 
very suffocating and excites coughing. When deprived of its water of ^rystoUisatipg, 
it does not melt below 140° or 145° (Laurent) ; according to Wirz it melts *t 
It is very soluble in alcohol and ether. w . JfP* 

Lipio acid is dibasic, the formula of its s Its being which is the 

that of the itaeonates (Laurent) ; C s H®M ; 0‘ (Wirz). The salts whoa hel^ed with 
sulphuric acid give off lipic acid. % ' «■ ^ 

The ammonium-salt crystallises in long prisms (Laurent). — The 
separates after a while from a mixed solution of chloride of barium and lijjite of am- 



1/IPYli — iLlQtJIDiS, DIFFUSION OF. 


705 


NM^m in quadratic prisms, passing into the octahedron (Laurent). — The calcium- 
Sl jd /precipitated in like manner in square-based prisms, containing, according to 
SFliiii, — The cupric salt , CHi^Cu^O 4 , is obtained, by ooiling cuprio 

•arbonate with the acid, ih green crystalline scales, which may bo freed from adhering 
icid Py heating to 16(>~ — 200° (Wirz). — Tho silver-salt contains CpH^AgKr 
Laurent); CHFAg’O 4 (Wirz). — Tho sodium-salt crystallises in flat rhombic prisms 
Containing C*H < Na*0 4 .6lt t 0. (Wirz.) 

The existence of lipic acid must, however, bo regarded as somewhat, doubtful. 
Gterhardt regarded it merely as impure succinic acid, and Arppe (Ann. Ch. Fbarm. 
txxv. 143) in more recent investigation of the products ofl the action of nitric acid 
on oleic acid, has arrived at the same conclusion. He prepared the acids by L&urent’a 
process above described, from oleic acid obtained by saponification of the so-called 
gtearin-oiU The yellow solution obtained by -evaporating the nitric acid with addition 
Oft water, yielded a granular powder, which, after repeated crystallisation, melted at 127°, 
tnd was found to consist of suberic acid mixed with another acid which could be ex- 
tracted by cold ether, and proved to be azcluic acid (p. 672) ; the same acid was also 
found in the mother-liquors of the suberic acid. 

JiXPTL. A hypothetical radicle, O*!! 4 , supjKisod by Berzelius to exist, in the , 
natural fats and f a tty acids. At present however these compounds arc regarded as 
derivatives of the triatomic radical glyceryl , C S H\ (See Ethers, ii. 619, and Glyck- 
bidss, ii. 877.) 

. MOUXB. This term is applied to bodies in that peculiar state of aggregation, In- 
termediate between the solid and tho gaseous, in which the particles are free to move 
amongst thomselvcs in all directions, but do not exhibit, the constant, tendency to fly 
asunder which is characteristic of the gaseous state.* Tho conditions winch are 
supposed to give rise to this particular state of aggregation have been already con- 
sidered in connection with the dynamical theory of heat (p. 133). 

XiXQVXS&MBAR. A balsam produced from a lar^e tree ( Liquidambar styraci- 
Jblia) growing in Lou si ana, Florida, and Mexico. 

Liquid liquidambar t or Oil of liquidambar , which is obtained by making incision* 
%rthe tree, is received immediately in vessels to protect it from tho air, and decanted 
after a while to separate a portion of tho opaque balsam which settles to tho bottom. 
It hue the consistence of a thick oil, is transparent, of amber-yellow colour, find ha* Ha 

C >ur like that of liquid storax, but more agreeable ; its taste is aromatic and irritate* 
throat. It contains a considerable quantity of benzoic or cinnamic acid, and n 
drop of it reddens litmus strongly. Treated with boiling alcohol, it leaves only a small 
residue, and the filtered liquid becomes turbid on cooling. 

8 oft or White Liquidambar proceeds either from the opaquo deposit above men- 
tioned, or from parts of the balsam which have run down the stem of the tree, and 
^thickened by exposure to the air. It has the consistence of vory thick turpentine or 
soft pitch; it is opaquo and whitish ; its odour is less Htrong and more agreeable than 
that of the oil just mentioned ; taste, sweet and aromatic, but irritating. It contain* 
/*, large quantity of benzoic or cinnamic acid. By long exposure to tho air it solidifies 
Completely and become* almost transparent. It was formerly sold under tho name of 
White Peru balsam . (Gerh., iv. 380.) 

XiXQUXDS, DIFFUSION' OF. When two liquids of different density, and 
capable of mixing, arc placed in contact, diffusion takes place between them, much in tho 
Same manner as between gases, excepting that, as tho particles of the liquid are le»* 
freely mobile than those of the gas, the rate of diffusion is slower. Tho phenomena of 
;JJiquid diffusion have been minutely investigated by Graham, in two chwsical scries of 
IfKwearches published in the Philosophical Transactions for I860 and 1802, also in tho 
SpOnrnal of the Chemical Society, iii. 00, 267 ; iv. 83, and xv. 21 G; and important con- 
; tributions to the subject havo also been made by Pick, Himmler and Wilde, 
Beilstein and others. 

The rate of diffusion varies with tho nature of t he liquids, the temperature, and in 
thffccase of solutions, with tho degree of concentration. 

C pitTmter 1 of Saline Solution*. The apparatus used in Graham’s first sorie* 
of experiments consisted of a set of phials of nearly equal capacity, cast in the same 
JSSobI#, and further adjusted by grinding to a uniform size of aperture. The phial* 
3'8 inches high, with a neck 0*6 inch in depth, and aperture 1 26 inch wide; 
Stoarity to base of neck equal to 2080 grain* of water or between 4 and 6 ounces. For 
eomJUl ieion-phial a plain glass water-jar was also provided 4 inches in diameter and 
TWm I Seep. {Fig, 708.) 

writer* me the term “ fluid *' »u srnonrm^i* with liquid *, hut this is incorrect * fluid I*. pro* 
tnj, the correlatire of **f/if,*nd include* Ik>Ui liquid and gas. 
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Fig. 708. 


The diffusion- phial was filled with the saline solution, sal-ammoniac for instance, to 

the base of the neck, or more correctly to a distance of 0*5 inch from the ground 

surface of the lip. The neck of the phial was then filled up with 
distilled water, a light float being first placed on the surface of 
the solution, and care being taken to avoid agitation. After 
the phial had been placed within the jar, water was poured into 

the jar, so as to cover the open phial to the depth of an inch, 

which required about 20 ounces of water. The saline liquid in 
the phial is thus allowed to communicate freely with the water 
in tho jar. The diffusion is interrupted by placing a small plate 
of ground glass on the mouth of the phial, and raising the latter 
out of the jar. The amount of salt diffused, called the diffu- 
sion-product, or diffusate, is ascertained by evaporating the 
: water in the jar to dryness, or, in the case of chlorides, by pi%- 
cipitating with nitrate of silver. 

The results of several series of experiments made in this manner 
are given in the following table, the second column of which gives 
the quantity of salt in 100 pts. of the solution, one per cent, of salt amounting lo 
20'8 grains; the third, the time of diffusion; the fourth, the temperature, on the 
Fahrenheit scale; the fifth, the quantity of salt diffused in grains : — 

Table I. — Diffusion of Saline Solutions. 



Substance. 

Per cent. 

Days. 

Fahr. 

1> fluBate. 

. 

1 

5 

ftl 

741 


2 

ft 

510 

1ft 04 

Hydrochloric acid . . . 

2 

5 

59-7 

16 oft 

4 

5 

51 0 

30-72 


8 

ft 

ft 10 

67 68 

Ilydriodic acid ... 

2 

ft 

510 

1ft- il 

Hydrobromic acid . 

2 


50-7 

16-58 

Bromine .... 

0-864 

10 

60 1 

ft-84 

Hydrocyanic acid . 

/ 

1-766 

ft 

64-2 

11-68 

1 

5 

ftl -2 

6-99 

Hydrated nitric acid (NO*H) . J 

2 

4 

ft 

5 

ftl 2 
51-2 

14-74 

28-76 

1 

8 

5 

51-2 

57 92 


1 

10 

49-7 

8 69 

Hydrated sulphuric acid (SO’II)j 

2 

4 

10 

10 

49-7 

49-7 

16-91 

33-89 

l 

8 

10 

49-7 

68-96 

Chromic acid 

1-762 

10 

67 3 

19-78 I 

f 

2 

10 

48-8 

11-31 

Acetic acid (C 4 II 4 0') . . j 

4 

10 

48-8 

22 02 

8 

10 

48-8 

41-80 

( 

1 

10 

G8T 

8 09 

Sulphurous acid . . J 

2 

4 

10 

10 

68-1 

681 

16-96 

33 00 

l 

8 

10 

681 

66-38 


1 

4-04 

63-4 

4*93 

Ammonia 

2 

4 

4 04 
- 4-04 

63-4 

63-4 

9'59 

1972 


8 

4 04 

63-4 

41-22 


2 

- lo 

48-7 

8-62 

Alcohol .... 

4 

10 

487 

16 12 


8 

10 

48-7 - 

3650 


1 

11-43 

64 1 

7*72 

Nitrate of barium . . . 

2 

4 

11-43 

11-43 

64*1 

64*1 

1504 

29-60 


8 

11*43 

64 1 

64-50 

Nitrate of strontium 

0-82 

11 43 

51-5 

6-69 

/ 

1 

11-43 

64-1 

766 

Nitrate of calcium . . . J 

2 

4 

11-43 

11-43 

641 

641 

1501 

29*04 

, 1 

8 

11 43 

641 

55*10 

Acetate of barium . , 

1 

1617 

53*5 i 

» 

7*50 


LIQUIDS, DIFFUSION OF. 

Tablb I. — continued* 
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Table I. — continued . 


Substance . 

Per rent . 

Day *. 

Fahr. 

Diffusate. 

Bicarbonate of ammonium 

4 

8 

9-87 

9-87 

68*2° 

68*2 

27*00 

60*10 

• *. f % ■ • 

1 

9 87 

68*2 

7-31 

Bicarbonate 6 f sa 9 fom . 

2 

4 

9-87 

9*87 

68*2 

68*2 

13*81 

26*70 


8 

9-87 

68*2 

52*38 


1 

4*04 

63*3 

6*56 

JEfydrate of potassium . . J 

2 

4 

4*04 

4 04 

63*3 

63*3 

12*84 

25*04 

( 

8 

4*04 

63*3 

52*24. 


1 

4*95 

63*2 

5*81 

Hydrate of sodium 

2 

4 

4*95 

4*96 

63*2 

63*2 

11*09 

20*86 


8 

4*96 

63*2 

40*44 


1 

8*08 

63 6 

6*13 

Carbonate of potassium . 

2 

4 

8*08 

8 08 

63*6 

63 -6 

11*92 

22*88 


8 

808 

63*6 

45*44 


1 

9-9 

63*4 

6*02 

Carbonate of sodium 

2 

9*9 

63*4 

11*70 

4 

9*9 

63*4 

21*42 


8 

9*9 

63*4 

39 74 


1 

8*08 

60*2 

6*16 

Sulphate of potassium . . - 

2 

4 

808 

8*08 

60*2 

60*2 

11*60 

22 70 


8 

8*08 

60-2 

43*92 

; 

1 

9 9 

59*9 

6*33 

Sulphate of sodium 

2 

4 

9*9 

9‘9 

69-9 

69*9 

12*00 

21*9 G 


8 

99 

69*9 

41*38 

Sulphite of potassium 

2 

8-08 

69*6 

11*63 

Sulphite of sodium 

2 

99 

59*5 

11*83 

Hyposulphite of potassium 

2 

8-08 

59*7 

12*37 

Hyposulphite of sodium . 

2 

9*9 

59*9 

11*89 

Sulphovinate of potassium 

2 

8-08 

5 9*7 

12*60 

Sulphovinato of sodium . 

2 

9-9 

69*5 

13 03 


1 

808 

59*9 

6*20 

Oxalate of potassium 

2 

8 08 

8 08 

59*9 

69*9 

12 17 

2*4 


8 

808 

69*9 

42*82 

Oxalate of sodium . 

1 

99 

59*9 

6*24 


1 

808 

00*2 

CU 

Acetate of potassium . . J 

2 

8 08 

60*2 

12*52 

4 

8-08 

60*2 

23*44 

1 

8 

808 

60*2 

47*26 


1 

9 9 

59*5 

6 67 

Acetate of sodium . . . 

2 

. 9 9 

59*5 

12*46 

4 

99 

69 5 

25*04 


8 < 

9-9 

69*6 

48*01 

Tartrate of potassium 

2 

8*08 

69*9 

10*96 

Tartrate of sodium 

2 

9*9 

59*5 

10*65 

Hydrochlorate of morphine . 

2 

11*43 

64 1 

11*60 

Hydrochlorate of strychnine . 

2 

11 43 

64*1 

11*49 


Those experiments, and a number of others made in a similar manner, lead to the 
following general conclusions : 

1. Different salts, in solutions of equal strength, diffuse unequally in equal times. 

2. With each salt, the rate of diffusion increases with the temperature, and at any 
given temperature, is proportionate to the strength of the solution, at least when the 
quantity of salt dissolved does not exceed 4 or 5 per cent. 

Later experiments (Chem. Soc. J. xv. 236) have shown that diffusion increases at a 
higher, though not greatly higher, rate than the temperature, and that the more 
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highly diffusive the substance, the less does it gain in diffusiveness by rate of 
temperature. For hydrochloric acid the rate of diffusion was found to increase as 
follows : 

Diffusion at 15*55 C. (60° F.) « 1 

„ 26*66 C. (80° F.) = 1*3545 

„ 3777 C. (100° F.) - 17732 

„ 41*88 C. (120° F.) ~ 2*1812 /^- ti 

3. There exist classes of equidiffusive substances which coincide in many cases 
with the isomorphous groups, but arc, on the whole, more comprehensive thau the 
latter. Thus, tho sumo rate of diffusion is exhibited by hydrochloric, hydrob rondo, 
and hydriodic acid ; by the chlorides, iodides, and bromides of the alkali-metals; by 
the nitrates of barium, strontium, and calcium; tho sulphates of magnesium and 
zinc. See. Sec. 

f. For several groups of salts, it is found that the squares of the times of equal 
diffusion, from solutions of the same strength, stand to one another in a simple 
numerical relation. Thus, the diffusatc from a solution of nitrate of potassium in 
7 days, was equal to that obtained from an equally strong solution of carbonate of 
potassium, in 9 9 days, numbers which are to one another as 1 : */ 2 ~ 1*414. Similar 
results were obtained with 2 per cent, solutions of nitrate and sulphate of potassium, 
equal diflusates of the two being obtained in 3*5 and 4 95 days, in 7 and 9*9 days, and 
in 10*6 and 14*85 days; also, with hydrate and nitrate of potassium, and with nitrate 
and carbonate of sodium. The times of equal diffusion of 1 per cent, solutions of 
chloride of ammonium and chloride of sodium, were to one another os -/ 2 : V 3. 
Now, according to Graham’s experiments (ii. 812), the squares of the times of equal 
diffusion of gases are to one another in the ratio of their densities. Hence, by 
analogy, it may be inferred that the molecules of these several salts, as they exist in 
solution, possess densities which are to one another as the squares of tho times of 
equal diffusion. Thus the solution-densities of sulphate, nitrate, and hydrate of jwitaH- 
sium, are to one another as the squares of the numbers 4, 2 and 1, that is as 16, 4 and 1. 
These solution-densities appear to relate to a kind of molecules different from the 
chemical atoms, and the weights of which are either equal, or bear to one another a 
simple numerical relation. 

The diffusion of a salt into the solution of another salt takes place with nearly Iho 
same velocity os into pure water; at least, when the solutions are dilute. Graham 
has shown that the diffusion of a 4 per cent, solution of carbonate of sodium, is not 
sensibly affected by the presence of 4 per cent, of sulphate of sodium in the liquid 
at mosphere ; nor that of a 4 per cent, solution of nitrate of potassium, by tho same 
proportion of nitrate of ammonium. The presence of 4 per cent, of sulphate of 
sodium reducod the diffusion of carbonate of sodium by only £ of the whole. In 
stronger solutions the retardation would probably be greater. There is, indeed, 
reason to believe that the phenomena of liquid diffusion are exhibited in their 
simplest form only by weak solutions, the effect of concentration, like that of 
compression in gases, being to produce a departure from ihe norma) character. 

The rate of diffusion is, however, materially affected when the liquid atmosphere 
already contains a portion of the diffusing salt. The consideration of this case leads to 
the general question of the motion of particles of a dissolved substance in a solution of 
unequal concentration. The general law which regulates such movements appears to 
be this : — The velocity with which a soluble salt diffuses from a stronger into a weaker 
solution, is ‘proportioned to the. difference, of concentration between two contiguous 
strata. This law has not yet been experimentally demonstrated in a sufficient 
number of cases to establish it completely ; but in the case of chloride of sodium, it 
has been shown to be true by the following experiments of Fick. (Phil. Mag. [4] 
x. 30.) 

A cylindrical glass tube, open at both ends, was cemented into a vessel completely 
filled with common salt, the cylindrical space filled up with water, and the whole 
immersed in a large jar containing water. The apparatus was then left to itself for 
several weeks, tho water in the jar being from time to time taken out and renewed. 
Now, as the lowest stratum of liquid in the tube, being in contact with undissolved 
salt, must remain -constantly saturated, while the uppermost layer, which in in contact 
with pure water, contains no salt, at all, a certain normal state of diffusion will 
ultimately establish itself throughout the length of the tube, characterised by the 
Condition, that each horizontal stratum will, in a given time, give up to the stratum 
immediately above it as much salt as it receives from the one below. When this 
state is attained, the densities of the successive strata decrease from below upwards 
in arithmetical progression. This law of decrease was verified experimentally by 
immersing in the liquid, at various depths, a glass bulb suspended from the arm of a 
balance, and couni orpoised by weights in the opposite scale. This law of decrease, 
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nowever, is true only with regard to cylindrical columns of liquid, or others, in which 
the horizontal section is of uniform magnitude. In other cases, the law of decrease of 
density may be calculated according to the form of the vertical section. In funnel- 
shaped tubes Kick has shown that the results of calculation agree with those of 
experiment. 

Now let K denote the quantity of salt which, in the normal state of diffusion, 
passes, in a ; tfnit of time, through a unit of horizontal section of a cylindrical tube 
whoso hwft iff equal to the unit of length; this quantity is called the diffusion- 
coefficient^^ Iso, let Q he the quantity of salt which, in the time t, flows from tho 
mouth of the tube info tho water-atmosphere; h f the height of the tube; s, its 
horizontal section ; and d , the density of the liquid at the bottom ; then 

Q = K.d.-t. 

s « 

Hence, with a tube of given dimensions, and a solution of known and constant 
density at the bottom, the diffusion-coefficient K, of any salt may be calculated from 
the quantity Q, diffused out in a given time. 

This method has been applied by Kick only in the case of chloride of sodium. It 
is, in fact, though simple in principle, somowhat inconvenient of application, on account 
of the long time — at least fourteen days — which must elapse before the normal state is 
attained. 

Another method of determining the diffusion-coefficient of a salt lias been devised by 
Jolly, and applied in several cases by Beil stein (Ann. Oh. lMiarm. xeix. 165). The 
apparatus used consists of a glass tube (Jiff. 709), about three inches 

Ftff. 709. ] on ^ bent round at the bottom, and cut off near the bend, so that the 
level of the orifice is not much more than a millimetre above the 
bottom of the bend. The upper end of the tube is slightly drawn out 
and closed with a stopper. This tube is filled with a solution of known 
concentration, and fixed upright within a jar of water, the orifice of 
the tube being two or three lines below tho level of the water. The 
salt then immediately begins to diffuse into the water, and as the liquid 
near the orifice becomes diluted, it passes round the bend to the upper 
part of the tube, its place being supplied by more concentrated liquid 
from above. With this apparatus, J3eilstein lias obtained the follow- 
ing diffusion-coefficients (taking that of chloride of potassium for unity), 
for solutions containing 4 percent, of salt, and at the temperature of 
6° C. (42 8° F.) 

Tahoe 1 1 . — I) iff usion - coefficient ts. 


Chloride of potassium . 10000 Sulphate of potassium . 0*6987 

Nitrate of potassium . 0*9487 Carbonate of sodium . . 0'54 3G 

Chloride of sodium . . 0*8837 Sulphate of sodium . . 0 T)3(i9 

Bichromate of potassium . 0*7543 Sulphate of magnesium . 0*3;">87 

Carbonate of potassium . 0*7371 Sulphate of copper . . 0*3440 


Beilstein infers from his experiments, that the rate of diffusion is not exactly 
proportional to tho difference of density of two contiguous strata, but increases in a 
somewhat greater ratio. 

Sim ml or and Wilde (Pogg. Ann. c. 217) tpe of opinion that the want of agree- 
ment of Jloilstein’s results with this law arises from a defect in the method of 
experimenting. Bcilstcin’s calculations, indeed, are based on the supposition that the 
strength of the solution in the tube (Jiff. 709), though constantly decreasing, is 
uniform at any instant of time throughout the entire length; whereas, a little con- 
sideration will show that the density near the orifice must be less than that in the 
larger arm of the tube, and in this arm less than near the bottom of tho bend, where 
the liquid must stagnate to a certain extent. From this source of error, Kick’s mode 
of observation is free. S i m m le r and Wild e, however, propose other methods, easier 
of execution than Kick’s, and not subject to the necessity of waiting till the normal 
state of diffusion is established. One of the.se methods is similar to that adopted 
by Graham (p. 706), excepting that the vessel containing the solution is perfectly 
cylindrical, a condition which greatly simplifies the calculations ; and, instead of being 
placed at the bottom of the water-jar, is supported on a stand, so as to bring its mouth 
within a line or two below the surface of the water ; the salt, as it diffuses out, is thus 
made to flow over the sides of the vessel and fall to the bottom, leaving an atmosphere 
of pure water above. Another method proposed by the same authors is to place the 
saline solution in a vessel haring the form of a triangular prism, aud determine the 
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variation of density at different depths below the surface by observation of the in dice* 
of refraction. 

Graham, in his later experiments (Phil. Trans. 1862, part i.; Chem. Soc. J.xv'. 
r>. 217) also uses a plain glass jar, in which the salt is allowed to rise from below in a 
cylindrical cohimn. The jars were 152 mm. (6 inches) in height, and 87 mm. (3-45 
inches) in width. In operating, seven-tenths of a litre of water were first placed in 
the jar, and then one-tenth of a litre of the liquid to be diffused was careAdlpBonveyed 
to the bottom of the jar by means of a fine pipette. The whole fluid column then 
measured- 127 ram. {5 inches) in height. As much as five or six minutes of time were 
occupied in emptying the pipette at the bottom of the jar, and extremely little dis- 
turbance was occasioned in the superincumbent water, as could be distinctly deen 
when the liquid introduced by the pipette was coloured. The jar was then left undis- 
turbed, to allow diffusion to proceed, the experiments being always conducted in an 
apartment of constant, or nearly constant temperature. When a certain time had 
i lapsed, the diffusion was interrupted by drawing off the liquid from the top by means 
of a small siphon, slowly and deliberately, as the liquid had been first introduced, in 
portions of 50 cubic centimetres, or one-sixteenth of the whole volume. The open end 
of the short limb of the siphon was kept in contact with the surface of the liquid ill 
the jar, and the portion of liquid drawn off was received in a graduated measure. By 
evaporating each fraction separately, the quantity of salt which had risen into equal 
sections of the liquid column was ascertained. A particular advantage of this method 
is that it affords the means of ascertaining the absolute rate or velocity of diffusion, 
rendering it possible to state the distance which a salt travels per second in terms of 
the meter. Such a -constant must enter into all the chronic phenomena of physiology, 
ami holds a place in vital science not unlike the time of the falling of heavy bodies in 
the physics of gravitation. 

2. — Crystalloids and Colloids. 

The substances whose diffusion has been considered in the preceding pages, though 
they exhibit considerable diversities in their diffusive mobility, all belong to the morn 
' diffusive class. Opposed to them is another class, which are much less diffusive, 
and are likewise distinguished from the former by several well-defined physical and 
chemical characters, especially by the absence of the power to crystallise. .Such are 
hydrated silicic acid, hydrated alumina, and other metallic oxides of the aluminous 
class, when they exist in the soluble form; also starch, dextrin ami the gums, caramel, 
tannin, albumin, gelatin, vegetable ami animal extractive matters. These bodies arc 
also distinguished by the gelatinous character ol their hydrates. Although often 
largely soluble ill water, they arc held in solution by a most feeble force. They appear 
singularly inert in the capacity of acids and bases, and in all the ordinary chemical 
relations. But, on the other hand, their peculiar physical aggregation, together with 
the chemical indifference re ferret 1 to, appears to be. required in substances that can 
intervene ill the organic processes of life. The plastic elements of the animal body aro 
found in this class. As gelatin appears to la* its type, substances of this class may bo 
designated ns cation As (from kAkAt), glue), ami their peculiar form of aggregation, us 
tile colloidal condition of matter. < Jpposed to the colloidal is t lie crystalline condition. 
Substances affecting the latter form may be classed as crt/s/aHoids. The distinction in 
no doubt one of intimate molecular constitution. 

Although chemically inert in the ordinary sense, colloids possess a compensating 
activity of their own, arising out of their physical properties. While the rigidity of 
the crystalline structure shuts out external impressions, the softness of the gelatinous 
colloid partakes of fluidity, mid enables the colloid to become a medium for liquid dif- 
fusion, like* water itself. The same penetrability appears to fake the form of cemen- 
tation in such colloids as can exist at. n high temperature. Hence a wide sensibility 
on t lie part of colloids to external agents. Another and eminently characteristic 
quality of colloids, is their mutability. Tlmir existence is a continued metastasis. A 
colloid may be compared in this respect to water while existing liquid at a temperature 
under its usual freezing-point, or to a supersaturated saline solution, h laid colloids 
appear to have always a jmcIous modification ; and they often pass, under the slightest 
influences, from the first into (lie second condition. I lie solution of hydrated silicic 
acid, for instance, is easily obtained in a state of purity, but it cannot bo preserved. 
It may remain fluid for days or weeks in a scaled tube, but is sure to gelatinise and 
become insoluble at last. Nor does the change of this colloid appear to stop at that 
point, l'or the mineral forms of silicic, acid, deposited from water, such as flint, aro 
often found to have passed, during the geological ages of their existence, from the 
vitreous or colloidal into the crystalline condition (H. Bose). Ihc colloidal is, in fact, 
• dynamical state of matter; the cryni alloidal being the statical condition. It may bo 
Voj.. III. Z A 
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looked upon as the probable primary source of tho foroe appearing in the phenomena 
of vitality. To the gradual maimer in which colloidal changes take place (for they 
always demand time as an element), may the characteristic protraction of chemico- 
organic changes also be referred. 

The following experiments made by the method of jar-diffusion (p. 700), exhibit the 
difference of diflWbility of colloids, namely gum, tannin, or caramel, as compared 
with the crystalloidal substances, chloride of sodium, sulphate of magnesium, and eano- 
sugar. 


Table III. — Diffusion of 10 per cent . solutions (10 grms. of substance in 100 cubic 
centimetres of liquid) into pure water, after fourteen days , at 10° (50 Fahr.) 


Number of 
•tratum (from 
above down- 
wards). 

Chloride of 
■odium. 

Sulphate of 
magnesium, 
at 10°. 

Sugar. 

Gum . 

Tannin. 

Albumin at 
13°_ 13° B, 

Carantel H t 
10°— 11°. 

1 

•104 

*007 

•005 

•003 

*003 



2 

•129 

•on 

•008 

•003 

■n 



3 

■162 

•018 

*012 

•003 

•004 



4 

•198 

•027 

*016 

-004 

•003 



5 

Mm&m 

•049 

•030 

■003 

*005 



6 

KSE 

•086 

•059 

•004 

*007 

. 5. 

* k m 

7 

•429 

•133 

■102 

•006 

•017 


■ 3S1I 

8 

•5 35 

•218 

■180 

•031 

•031 

* -oio 

*010 

9 

•654 

•331 

•305 

■097 

•069 

•015 

*023 

10 

•766 

•499 

•495 

•215 

T 45 

047 

•033 

11 

*881 

■730 

•740 

•407 

•288 

113 

WMmMi 

12 

*991 

1-022 

1-075 

•734 

*556 

•343 

•215 

13 

ilBMM 

1-383 

1-435 

1-157 

1*050 

•855 

•705 

14 

1*187 

1-803 

1-758 

1*731 

1*719 

1-892 

1*725 

15 and 16 

2*266 

3-684 

3-783 


6097 

6*725 

7*206 


9*999 

10000 

10003 

9-999 

9-997 

10*000 

10 000 


Here the superimposed column of water being 111 millimetres (4*38 inches) high, 
the chloride of sodium is found to have diffused in sensible quantity to the top, and 
could have risen higher. The top of the diffusion-column of sulphate of magnesium, 
and likewise that of sugar, appear to have just reached the top of the liquid in tho 
fourteen days of the experiment. But the colloids, gum, tannin, albumin and caramel, 
exhibit a great falling off in the rate of diffusion. Gum and tannin do not appear to 
he carried by diffusion higher than the seventh stratum, the minute quantities found in 
the higher struta, which together do not exceed 0*02 grm., being doubtless the result 
of accidental dispersion, arising probably from a movement of the upper liquid, occa- 
sioned by slight inequalities of temperature. The diffusion of albumin and of caramel 
is still slower. 

By continuing the diffusion of different substances till equal quantities had diffused 
out, the following results were obtained : 


Approximate times offjfaual Diffusion. 


Hydrochloric acid . . .1 

Chloride of sodium . . . 2*33 

Sugar ...... 7 

Sulphate of magnesium . . .7 

Albumin 49 

Caramel 98 


The diffusion of hydrochloric acid in three days corresponds with the diffusion of 
chloride of sodium in seven days. Hydrochloric and the allied hydracids, with other 
monobasic acids, are the most diffusive substances known. 

The diffusion process in alcohol appears to be several times slower than in water. 
The following table exhibits the results of experiments on three substances dissolved 
in alcohol, and placed under a column of alcohol, the experiments being conducted 
exactly as described at p. 700. 
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Tabui IV. Diffusion of 10 per cent, solutions of Iodine md Acetate qf Potassium 

in alcohol in seven days , 



3 Application of Xdquld Diffusion to Chemical Analysis. 

Mixed salts may be more or less separated by their unequal diffusibility. A solution 
of 1 nt of carbonate of potassium, and 1 pt. carbonate of sodium in ! 10 pts. of water 
pUed in a a diffusion- phial (fig. 708), yielded in 10 days at 16° a d.ffusato conUnmng 
03 6 pts. carbonate of potassium to 30 4 pts. carbonate of sodium ; tlm d.ffusate m 
25 days contained the same salts in nearly the same proportion. Inequality of diffb- 
tion is indeed somewhat increased by mixture, so that the actual separation is greater 
than that calculated from the relative divisibilities of the mixed substances 

Similar results were obtained by the method of jar-diffusion at p. 700, when a 
mixture of two salts was placed at the bottom of the jar, the more diffusive salt tra- 
velled upwards the most rapidly, showing itself first, and always most largely in tin 
upper strata. The following table shows the results obtained with a mixturo of equal 
parts of the chlorides of potassium and sodium. 


Table V. Diffusion of a mixture of 5 per cent, o f Chloride of Potassium, and 

5 per cent, of Chloride of Sodium , for seven days at 12° 13 . 



The first six strata contain together 661 milligramme* i of which 404 millf 
72 pe" ceut-, Bt yuit U nearly three-fourths, are chloride of potaaaium. ' 

iz 2 
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descend to the tenth stratum before the salts are found in equal proportions. The 
progression is then inverted, and chloride of sodium comes to preponderate in the 
lower strata. 

It is evident that the preceding experiment might be so conducted as to diffuse 
away the chloride of potassium, and leave below a mixture containing chloride of sodium 
in relative excess, to as great an extent as the chloride of potassium is found above, in 
the last experiment. 

Further, the mixture in which chloride of potassium was concentrated in the experi- 
ment described, so as to form 72 per cent, of flu* whole mixture, might be again 
subjected to diffusion in the same manner. In an experiment upon a mixture of 7 a 
grms. of chloride of potassium and 2-5 grms. of chloride of sodium, the six upper 
strata gave 640 milligrms. of salt, of which 610 milligrms., or 95*3 per cent., were 
chloride of potassium. It is obvious that, by repeating this diffusive rectification a 
sufficient number of times, a portion of the more diffusive salt might be obtained at 
lust in a state of sensible purity. 

The preceding example illustrates the separation of unequally diffusive metals or 
bases ; the following example represents, on the other hand, the separation of unequally 
diffusive acids united with a common base. Chloride and sulphate of sodium diffuse 
separately in the phial experiments in the proportion of 1 to 0*707. 


Table VI . — Diffusion of 5 per cent, of Chloride of Sodium and 5 per cent, of 
anhydrous Sulphate of Sodium, for 7 days, at 10° — 10°*75. 


i 

Number of 
stratum. 

Chloride of 
sodium in 
grammes. 

Sulphate of 
sodium in 
grammes. 

Total 

dlffusate in 
grammes. 

1 

*009 


•009 

2 

*012 

*001 

*014 

3 

*024 

•005 

*026 

4 

*038 

•003 

041 

6 

*060 

■006 

•066 

6 

•096 

•012 

T07 

7 

141 

•029 

T70 

8 

•203 

•059 

•262 

9 

•278 

*115 

•393 

10 

■360 

•205 

•565 

11 

•473 

•317 

•790 

12 

•560 

•507 

1*067 

13 

•637 

•094 

1*331 

14 

•713 

■909 

1-627 

15 and 16 

1-390 

2141 

3 531 


4 999 

5000 

9999 


Here the separation is still more sensible than with the bases. The six upper 
strata contain 263 milligrammes of salt, of which 239 milligrammes, that is 90*8 per 
cent., are chloride of sodium. The salt of the -upper eight strata amouuts to 695 
milligrammes, of which 683 milligrammes, or 83*9 per cent., are chloride. 

On comparing the diffusion of a mixture of equivalent quantities of chloride of sodium 
and sulphate of potassium with that of a mixture, also in equivalent proportions, of 
chloride of potassium and sulphate of sodium, it was found that the diffusion of the 
metals is not affected by the acid with which each of them is originally combined. 
This result is quite in harmony with Berthelot’s view, that the acids and buses are 
indifferently coinbiiied, or that a mixture of chloride of potassium and sulphate of 
sodium is the same thing as a mixture of chloride of sodium and sulphate of potassium, 
when both mixtures are in the state of solution. With two acids greatly unequal in 
their affinity for bases, however, the result might possibly be different. 

In some cases, diffusion is also capable of effecting the decomposition of chemical 
compounds. Thus, when a solution of common alum is allowed to diffuse into water, 
the sulphate of potassium passes out more rapidly than the sulphate of aluminium. A 
solution of sulphate of potassium in lime-water left to diffuse into lime-water yields 
a diffhsate containing hydrate of potassium; similarly with sulphate of sodium. The 
sulphates of potassium aud sodium are also decomposed by carbonate of calcium dis- 
solved in carbonic acid water, when the liquid is allowed to diffuse into pure water. 
The chlorides of potassium and sodium are not sensibly decomposed by lime-water in 
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this manner. When saturated solutions of lime-water and sulphate of calcium are 
mixed in equal volumes, 1 per cent, of chloride of sodium dissolved in the mixture, and 
the solution left to diflhse into pure water, scarcely a trace of hydrate of sodium is 
obtained; but when the solution of sulphate of calcium, with an addition of 2 per cent, 
of chloride of sodium, is kept at the boiling point for half an hour, and the solutiou 
mixed two or three days afterwards with an equal volume of lime-water, and diffused 
into pure water for 3^ days, the diffusnte in three cells is found to contain 0*234 
grains hydrate of sodium and 0 371 sulphate of sodium. It appears, then, that more 
than one condition of equilibrium is possible for mixed solutions of sulphate of calcium 
and chloride of sodium. Cold solutions of these salts may be mixed without decom- 
position, or without sensible formation of sulphate; but. on heating, this change is 
induced, and is permanent, sulphate of sodium being formed, and continuing to exist 
in the cold solution ; for it is the decomposition of that salt alone by hydrate of calcium 
whicn appears to yield the diffused hydrate of soda. As the effects of time and tem- 
perature are often convertible, it is possible that the same decomposition might take 
place at ordinary temperatures after a considerable time. If such be the ease, we have 
an agency in the soil by which the alkaline carbonates required by plants may be 
formed from the chlorides of potassium and sodium, as well ns from t he sulphates ; for 
the sulphate of calcium, generally present, will convert those chlorides into sulphates. 
The mode in which the soil of the earth is moistened by rain is peculiarly favourable 
to separations by diffusion. The soluble salts of the soil may be supposed to bo carried 
down together, to a certain depth, by the first portion <>t' rain which falls, while they 
find afterwards an atmosphere of nearly pure water, itt the moisture which falls last 
and occupies the surface stratum of the soil. Diffusion of the sails upwards into the 
water, with its separations ami decompositions, must necessarily ensue. The salts of 
potassium and ammonium, which arc most required for vegetation, possess the highest 
diffusibility, and will rise first. The pre-eminent diffusiliility of the alkaline hydrates 
may also be called into action in the soil by hydrate of calcium, particularly as quick- 
lime is applied as a top-dressing to grass-lands, ((« raham.) 

4. DialjflU. 

Membranes or septa of the colloid class (p. 71b) possess a property which is very 
useful in assisting diffusive separations. The jelly of starch, that of animal mucus, of 
pectin, of Payoffs vegetable gelose (ii. Hid), and other solid colloidal hydrates, all of 
which are strictly speaking insoluble in cold water, arc themselves permeable when in 
mass, as water is, l»y the more highly diffusive substances. Hut such jellies greatly 
resist the passage of the less diffusive substances, and cut. off* entirely other colloid 
substances like themselves that may be in solution : in this respect, they resemble 
animal membrane. This mode of separation by diffusion through a septum is culled 
dialysis. A mere film of the colloidal septum produces this separating effect. Thus, 
if a sheet of very thin letter-paper, well sized witli starch, and having no porosity, la* 
laid on the surface of water, a depression made in its centre, and a mixed solution of 
cane-sugar and gum-arabic containing o percent, of each substance poured upon it, the 
sugar diffuses through into the water while tin* gum remains above, so that, after twenty- 
four hours, the water below is found to contain about three. fourths of the whole sugar, in 
a condition so pure as to crystallise when the liquid is evaporated over the water-bath. 
Now the sized paper has no power to act hm a tiller; it is mechanically impenetrable, 
and refuses a passage to the mixed liquid as a whole. Molecules only permeate this 
septum, and not masses. The molecules also are moved hy the force of diffusion. But 
tlie water of the gelatigetious starch with which the paper is sized, is not directly 
available os a medium for the diffusion of either the sugar or t he gum, being in a state of 
real though feeble chemical combination. The hydrated compound itself solid, and 
also insoluble. Sugar, however, with other crystalloids, can separate water, molecule 
after molecule, from any hydrated colloid, such as starch. The sugar thus obtains the 
liquid medium required for diffusion, and makes its way through the gelatinous septum, 
hum, on the other hand, presenting, as a colloid, an affinity for water of the feeblest 
description, is unable to separate that liquid from tie gelatinous starch, and so fails to 
open the door for its own passage outwards by diffusion. 

Diffusion of a crystalloid through a firm jelly appears to proceed at nearly the same 
rate as into pure water. This is strikingly shown by the following experiment. 

Ten grammes offchloride of sodium and 2 grammes of the Japanese gelatin, orgelosa 
of Paycn, were dissolved together in so much hot water as to form 100 cub. cents, of 
liquid. Introduced into the empty diffusion-jar and allowed to cool, this liquid set 
into a firm jelly, occupying the lower part of the jar, and containing of course 10 per 
cent, of chloride of sodium. Instead of placing pure water over this jolly* it was 
covered by 700 cub. cents, of water containing 2 per cent, of the same gelose, cooled so 
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far as to be on the point of gelatinising, the jar at the same time being placed in a 
cooling mixture in order to expedite that change. The jar with its contents was now 
left undisturbed for eight days at the temperature 10°. After the lapse of this time, 
the jelly was removed from the jar in successive portions of 50 cub. cents, each from 
the top, and the proportion of chloride of sodium in tbfe various strata ascertained. 
The results were very similar to those obtained in diffusing the same salt in a jar of 
pure water, excepting that the diffusion in the gelose appeared more advanced in eight 
days than diffusion in water for seven days. With a coloured crystalloid, such as acid 
chromate of potassium, the gradual elevation of the salt to the top of the jar is very 
plainly seen. On the other hand, the diffusion of a coloured colloid, such as caramel, 
through the jelly, appears scarcely to have begun after the lapse of eight days. The 
diffusion of a salt into the solid jelly may be regarded as cementation in its simplest 
form. 4 

The most suitable of all substances for a dialytic septum is De la Rue’s vegetable 
parchment or parchment-paper (i. 819), which is unsized paper, altered by a 
short immersion in sulphuric acid, or in chloride of zinc. Paper so metamorphosed 
acquires considerable tenacity, and when wetted, expands and becomes translucent, 
evidently admitting of hydration. In the wetted state, parchment-paper can easily be 
applied to a light hoop of wood, or better, to a hoop made of sheet gutta perclia, 
2 inches in depth and 8 or 10 inches in diameter, so as to form a vessel like a sieve in 
form {fig . 710). The disc of parchment-paper used should exceed in diameter the 
hoop to be covered by 4 inches, so as to rise well round the hoop. It may be bound 
„ to the hoop by string, or by an elastic band, 

pig. 710. but should not be firmly secured. The parch- 

ment-paper must not be porous. Its soundness 
will bo ascertained by sponging the upper surface 
with pure water, and then observing that no wet 
spots show themselves on the opposite side. Such 
defects may be remedied by applying liquid albu- 
min, mid then coagulating the same by heat. Mr. 
I)e Ja Rue recommends, the use of albumin in cementing parchment-paper, which may 
thus be formed into cells and bugs very useful in dialytic experiments. The mixed 
fluid to be dialysed is poured into the hoop upon the surface of the parclmient-paper 
to a small depth only, such as half an inch. The vessel described {diah/ncr) is then 
floated in a basin containing a considerable volume of water, in order to induce the 
egress of the diffusive constituents of the mixture. Half a litre of urine, dialysed for 
twenty-four hours, gave its crystalloidal constituents to the external water. The latter, 
evaporated by a water-bath, yielded a white saline mass. From this mass urea was 
extracted by alcohol in so pure a condition as to appear in crystalline tufts upon the 
evaporation of the alcohol. 

For operating on smaller quantities of liquid, a small glass bell jar, tied round at the 
bottom, as shown in fig, 71 1, nmy be used. F'/V/.s. 712, 713 show' convenient modes uf 
supporting the instrument, in a basin or a jar of water. In Mr. Graham’s experiments 
Fig. 711. Fig. 712. Fig. 713. 






two sizes of bulb were employed, 3*14 and 4 4 4 inches in 
diameter, the dialytic septa having areas very nearly of 
**»d s&r of square metre (15*6 and 7*8 square inches). 

With 100 cub. cents, of liquid (the quantity usually em- 
ployed) the septum of the smaller instruments was covered 
to the depth of 20 mm. (0*8 inch) and the 6eptum of the 
larger to a depth of 10 mm. (0*4 inch). The thinner the 
stratum, the more exhaustive the diffusion in a given time. 

When a considerable diffusion is desired within 24 hours, it is generally inadvisablo 
to cover the septum deeper than 10 or 12 mm. (half an inch). 

Numerous experiments on the diffusion of crystalloids through various dialytic 
fepta» such as gelatinous starch, coagulated albumin, gum-tragacanth, besides animal 
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mucus and parchment -paper, all tended to prove how little the diffusive process is in- 
terfered with by the intervention of colloid matter. Salts appear to preserve their usual 
relative diffusibility unchanged. The same partial separation of mixed salts is observed 
as in the water-jar (p, 713). With a mixture, for instance, of equal parts of chlorides 
of potassium and sodium in a dialyser, the first tenth part of the mixture which passed 
through was found to consist of 59*17 per cent, of chloride of potassium and 40‘83 
per cent, of chloride of sodium. Double salts also, such as alum, and the snluhnte of 
copper and potassium, which admit of being resolved into pairs of unequally diffusive 
gaits, were largely decomposed upon the dialyser, as they are in the water-jar. The 
effect of heat in promoting diffusion appears, however, to be diminished in dialysis, at 
least with a parchment -paper septum. Thus the diffusion from a 2 per cent, solution 
of chloride of sodium, in a constant period of three hours, was — 


• 

At 10° C. . 

. 0*738 gnu. 

K.itia 

1*00 


„ 20 

0*794 grm. 

1*07 


„ 30 

. 0*892 grin. 

1*20 


» 40 . 

. 1*017 grm. 

1 37 


The rate of diffusion in water alone, without the septum, would have been doubled by 
an equal rise of temperature, instead of being increased one-third only as above. 

The following table exhibits the rate of diffusion of several substances, both crys- 
talloids and colloids, compared with chloride of sodium as a standard. The larger 
bell-jar (p. 716) was used, and the parchment-paper was changed in each experiment. 
The substance in solution amounted to 2 grins., the depth of liquid in the dialyser to 
10 nim. (0*4 of an inch), and the surface of the septum to 0 01 square metre (15*6 
square inches). 

Table VII . — Dialysis through Parchment- paper during twenty-four hours , at 12°. 


Two per cent. solution*. 

Pittas, •!»!• in 
Kr.immcK, 

Prororlionnl 

Chloride of sodium . 

1*057 

1*000 

Picric acid .... 

1090 

1*020 

Ammonia .... 

1*104 

*817 

Theino ..... 

1 ■ 1 00 

*703 

Salicin , 

*835 

*503 

Cane-sugar .... 

•783 

*172 

Amygdalin .... 

*517 

•311 

Extract, of quercitron 

*305 

*184 

Extract of logwood . 

*280 

*168 

Catechu ..... 

*265 ; 

*159 

Extract of cochineal . 

*086 

•051 

Gallotannic acid 

♦050 

•030 

Ext ract of litmus 

*033 

*019 

Purified caramel 

*009 

*005 


The picric acid and t Heine were actually diffused from 1 per cent, solutions, and the 
numbers observed are multiplied by 2. The crystallisable principles, theme, salicin, 
and amygdalin, appear greatly, more diffusible than gallo-tunnic acid, or than gum, as 
has been already seen. Such Inequality of rate is likely to facilitate the separation of 
vegetable principles by the agency of dialysis. 

Preparation of Colloid Substances by Dialysis . 

The purification of many colloid substances may be effected with great advantage by 
placing them on the dialyser. Accompanying crystalloids arc eliminated, and th« 
colloid is left behind in a state of purity. The purification of soluble colloids can 
rarely be effected by any other known means, and dialysis is evidently the appropriate 
mode of preparing such bodies free from crystalloids. 

When the mixed solution obtained by pouring silicate of sodium into water acidu- 
lated with hydrochloric acid, was placed upon a parchment-paper dialyser, and allowed 
to diffuse into water, the latter being occasionally changed, a quantity of silicic acid 
was left upon the septum, amounting, after the lapse of five da vs, to seven-eighths of 
the original silicic acid, and the solution of silicic acid which subsequently passes 
through, is so free from hydrochloric acid arid chloride of sodium as not to give a 
precipitate with nitrate of silver. . 

Soluble silicic acid forms a peculiar class of compounds, which like itself, are col- 
loidal, and differ entirely from tip ordinary silicates. These compounds, which may 
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be called collisilicates or co-silica t op, appear to contain an acid of higher atomic 
weight than ordinary silicic acid. Cosilicic acid, like gallotannic, gummic, and other 
colloidal acids, unites with gelatin, forming a cosilicate of gelatin, which is precipitated 
on mixing the solutions of silicic acid and gelatin ; but, like the gallotannate (i. 828) 
varies in composition according as the one or the other constituent is present in excess! 
Cosilicic acid also precipitates both alba niinic acid and pure casein. 

The true hydrated alumina, also Crum's metalumina (i. 159), are obtained 
soluble by dialysing solutions of these oxides in the chloride and acetate of the same 
metal; so, likewise, hydrated ferric oxide, and the peculiar ferric hydrate (met a- 
ferric hydrate) discovered by Peau de St.-Gilles (p. 395). and soluble chromic 
hydrate (ii. 949). The several varieties of Prussian blue (ii. 229, 244) are obtained 
soluble by dialysing their solutions in oxalate of ammonium, the latter salt diffusing 
away. Stannic and in etas tannic acids both give soluble modifications when 
dialysed from alkaline solutions; titanic acid, when dialysed from a solution in <^hde 
hydrochloric acid; tungstic acid and molybdic acids, when the tungstate and 
molybdate of sodium in dilute solution arc repeatedly dialysed with a slight excess of 
hydrochloric, acid. (Chem. Sue. J. [2] ii. 3 IS.) 

A solution of gum-arabic (gummate of calcium) dialysed after addition of hydro- 
chloric acid, gave at once the pure gummic add of FrAmy (ii. 955). Soluble alb um i n 
is obtained in a state of purit y by dialysing albumin with addition of acetic acid. 

Caramel of sugar purified by repeated precipitation with alcohol, and afterwards 
by dialysis, contains the proportion of carbon in the highest of the caramclic bodies of 
G61is (ii. 748) ; it forms a tremulous jelly when concentrated, and appears decidedly 
colloidal. lake all other colloids, it has a soluble and an insoluble, modification. The 
latter has its solubility restored by the action of alkalis, followed by that of acetic acid 
and subsequent dialysis. 

For further details on the preparation of colloids by dialysis, see Chem. Soo. J. xv. 
243 — 260 ; also the descriptions of the several substances in their alphabetical order 
in this Dictionary. 

Separation of Arseni arts Add from Colhndtd Liquids. — Dialysis may be advantage- 
ously applied to the separation of arson i on s acid and metallic salts from organic 
solutions in medico-legal enquiries. The process has the advantage of introducing no 
metallic substance or chemical reagent of any kind into the organic iluid. The 
arrangement for operating is also of the simplest nature. 

The organic liquid is placed, to the depth of half an inch, on a dialyser formed of a 
hoop of gutta percha 10 or 12 inches in diameter, covered with parch men t -paper (Jit/. 710, 
p. 716). The dialyser is then floated in a basin containing a volume of water about 
four times greater than the volume of organic fluid in the dialyser. The water of tin* 
basin is generally found to remain colourless after the lapse of 24 hours; and after 
being concentrated by evaporation, if admits of the application of the proper reagents 
to precipitate uml remove a metal from solution. One-half to three-fourths of the 
crystalloidal and diffusible constituents of the organic liquid will generally be found in 
the water of the basin. 

Tartar-emetic and strychnine maybe separated from viscid organic matter 
in a similar manner: indeed, all soluble poisonous substances appear to be crystalloids, 
and therefore pass through colloidal septa. 

&X<tUXX»S v DISPERSIVE POWERS OF. Sec Light (p. 621). 

&XQUXDS, EXPANSION OP. Sec HitATjfp. 52). 

X.XQT7XDS, INDICES OP REFRACTION OP. Set* Light (pp. 615, 627). 

IXQDXD8. OSMOSE OF. When two liquids are separated by tin* interven- 
tion of a porous diaphragm, a flow of liquid takes place from one side of the septum 
to the other, or sometimes an unequal flow of the two liquids in opposite directions, 
so that the quantity of liquid increases on one side of the septum and diminishes on 
the other. This phenomenon was originally designated by the correlative terms En- 
dosmose and Exosmose, but it is better expressed by the shorter word (Osmose, 
from Qxrpds, impulsion), which includes the two former. 

The passage of liquids through porous septa was first studied by Dutroehet, whose 
apparatus, called an endosmomrttr , consisted of a narrow glass tube, having a funnel- 
shaped expansion at the bottom, and closed at that end by a piece of bladder. This 
tube was filled with a saline solution, and placed in a vertical position in a jar contain- 
ing water. The flow of liquid in the one direction or the other was measured by tho 
rise or fall of the liquid in the tube. Dutroehet inferred, from his experiments, that the 
velocity of the osmotic current is proportionate to the quantity of salt or other solid 
substance originally contained in the saline solution. The experiments were, however, 
inexact, because no allowance was made for the alteration of hydrostatic pressure 
caused by the rise or full of the liquid in the tube. V i e r o r d t (Pugg. Ann. lxxxiii. 79 \ 
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who used a modification of Dut rochet’s apparatus, in which this source of error was 
removed, found that the velocity of t-lu> current increases with the initial concentration 
of the solution, hut in a lower ratio. 

Professor Jolly, of Heidelberg, lias examined the osmose of water and saline solu- 
tions by a different method. The saline solution containing a known quantity of salt 
is contained in a glass tube closed at the bottom with bladder, and plunged into water, 
which is frequently changed, so as to keep it nearly pure. 'Pile tube with its contents? 
is taken out from time to time and weighed, and these operations are repented till the 
weight becomes constant, showing that the whole of the salt has passed out from the 
tube, and nothing but water remains. 

In this manner it is found that a given quantity of any salt which passes through 
the septum into the water is always replaced by a definite quantity of water. The 
quantity of water which is thus replaced by a unit of weight of the salt, is called the 
nidosnwtic (or osnmtic) tqtuvali nt of that salt. This quantify varies with the uni uro 
of the salt, and with the temperature, increasing as tlm temperature rises; but, it is 
independent of the density of the solution. At temperatures near 0° (.1, the endos- 
motic equivalent of hydrate of potassium was found to be ‘200; of chloride of sodium, 
between 43 and TO ; of sulphate of sodium, between 1 l and 12 ; of neutral sulphate 
of potassium, 12; of acid sulphate of potassium. 23 ; and of hydrated sulphuric acid 
(at 18° C.), O lid. 

These results point to the conclusion, that the osmose between water and saline solu- 
tions consists, notin the opposite passage of two liquid currents, but in the passage 
of particles of the salt in one direction, and of pure water in the other. 'Phis conclu- 
sion is strengthened by Graham's observation, that common salt difiuses into water, 
through a thin membrane of ox-bladder deprived of its outer muscular coating, at the 
same rate as when no membrane is interposed. 

The How of water into the saline solution is the only one of the two movements 
which can b«* correctly described as a. current. This is, in fact, the true osmose, ami 
depends assent hilly on tin:* ae< ion of the membrane or other porous septum; for the 
quantity of water which thus passes into the solution is often mue 1 1 greater than 
would be. introduced by mere liquid diffusion, amount iug in some eases to several 
hundred times that of the salt displaced. 

'Phis action of the septum has been explained in various ways. ]{y Ibitroehet and 
others, it was attributed to capillarity; but, this force is quite insufficient to account for 
the great inequality of ascension which different, liquids exhibit in the osmotic appa- 
ratus; in fact, Graham has shown, that solutions of the most different, character e xhibit 
very nearly equal ascension in tubes of equal diameter. 

Osmose has likewise been attributed to the unequal absorption of the two liquids by 
the porous septum. Suppose the septum to be of such a nature as to absorb only one 
of the liquids, — flic water, for instance. The water will then penetrate the septum, and 
corning in contact with the saline solution, will diffuse into it. More water will then 
be absorbed, ami subsequent ly diffused, and thus a continuous current will be set up. 
If bo tli liquids arc absorbed by the sept um, but in different, degrees, and each is capable 
of diffusing into the other, like water and alcohol, the result will bo the formation of 
two unequal current s in ’opposite directions. Water is absorbed by animal membrane 
much more rapidly than most other liquids, and accordingly, when a septum of this 
kind is used, the direction of the current is in most, cases from the water to the other 
liquid. According to Liebig, a given weight of dried ox-bladder absorbs in (he sumo 
time, 200 vols. of water, 133 vols. of a saturated solution of common salt, 38 voln. of 
alcohol of the strength of 81 per cent., ami 17 vols. of born -oil. When water and 
alcohol are separated by an animal membra' e, the quantity of water which passes into 
the alcohol is greater than the quantity of alcohol which passes into t he water ; but 
when the same liquids are divided by a thin film of collodion, which absprbs alcohol 
more quickly than water, the contrary effect is produced. 

On the other hand, the numerous experiments recently made by Graham (Phil. 
Trans. 1855, p. 177; Chem. fv«\ J. viii. 43) bad to the conclusion that osmose 
depends essentially on the chemical action of the liquid on flic septum. These expe- 
riments were made partly with porous mineral septa, partly with animal membrane. 
The earthenware osmometer consisted of the j>orous cylinders employed in voltaic 
batteries, about five inches in depth, surmounted by a glass tube ()• inch in diameter, 
attached to the mouth of the cylinder by means of a cap of gntta perrha. The 
cylinder was filled to the base of the glass tula* with a saline solution, and immediately 
placed in ajar of distilled water; and as the liquid within the instrum. nt rose during 
the experiment, water was added to the jar to equalise the pressure. The rise (or fall) 
of the liquid in the tube was very regular, as observed from hour to hour, and th© 
experiment was generally terminated in five hours. From experiments made on solu- 
tions of eveiy variety of soluble substance, it appeared that the rise or osmose is quit© 
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insignificant .with neutral organic substances in general, such as sugar, alcohol, uron, 
tannin, &c. ; so likewise with neutral salts of the earths and ordinary metals, with 
the chlorides and nitrates of potassium and sodium, and with chloride of mercury. 
A more sensible but still very moderate osmose is exhibited by hydrochloric, nitric, 
acetic, sulphurous, citric, and tartaric acids. These are surpassed by the stronger 
mineral acids, such as sulphuric acid, phosphoric, and by sulphate of potassium, which 
arc again exceeded by salts of potassium and sodium, possessing a decided acid or 
alkaline reaction, such as dioxalate of potassium, phosphate of sodium, or the 
carbonates of potassium and sodium. The highly osmotic substances were also found 
to act with most advantage in small proportions— producing, in fact, the largest osmose 
in the proportion of one-quarter per cent, dissolved. The same substances are likewise 
always chemically active bodies, and possess affinities which enable them to act on the 
material of the earthenware septum. Lime and alumina were always found in solution 
after osmose, and the corrosion of the septum appeared to be a necessary condition of 
the flow. Septa of other materials, such as pure carbonate of calcium, gypsum, 
compressed charcoal, and tanned sole-leather, although not deficient in porosity, 
gave no osmose apparently, because they are not chemically acted on by the saline 
solutions. 

.Similar results were obtained with septa of animal membrane. Ox-bladder was 
found to act with much greater strength and regularity when divested of its outer 
muscular coat. Cotton calico, impregnated with liquid albumin, and afterwards 
heated to coagulate the albumin, formed an excellent septum, resembling membrane in 
every respect. The osmometer (Jiff. 714) used in these experi- 
ments was arranged like the original instrument of Dutrochet ; 
but the membrane was supported by a plate of perforated cine, 
and the tube was of considerable diameter, viz. one-tenth of that 
of the mouth of the bulb, or of the disc of membrane exposed to 
the liquids. 

Osmose in membrane presents many points of similarity 
to that in earthenware. The membrane is constantly undergo- 
ing decomposition, and its osmotic action is exhaustible. Salts 
and other substances capable of determining a large osmose are 
all chemically active substances, while the great mass of neutral 
organic substances and perfectly neutral monobasic salts of the 
metals, such as chloride of sodium, possess only a low degree 
of action, or are wholly inert. The active substances are also 
most efficient in small proportions.* With a solution contain- 
ing per cent, of carbonate of potash, the rise in the osmometer 
was 107 millimetres; and with 1 percent, of the same salts, 200 
millimetres in five hours. With another membrane and a 
stronger solution, the rise was 800 millimetres, or upwards of 88 
inches in the same time. To induce osmose, the chemical action 
on the membrane must be different on the two sides, and 
apparently not in degree only, but in kind, viz. an alkaline 
action on the albuminous substance of the membrane on the 
one side and an acid action on the other. The water appears 
always to accumulate on the alkaline or basic side of the mem- 
brane. Hence with an alkaline salt, such as carbonate of sodium, in the osmometer, 
and water outside, the tlow is inwards; but with an acid in the osmometer, there is 
negative osmose, or the flow is outwards, tho*diquid then falling in th<* tube. Tho 
chlorides of barium, sodium, and magnesium, aiviTtsimilar neutral salts, arc wholly indif- 
ferent, or appear fo act merely in a subordinate manner to some other active acid or 
basic substance, which may be present in the solution or the membrane in the most 
minute quantity. Salts which admit of division into a basic salt and free acid exhibit 
an osmotic activity of the highest order, e.ff. tin* acetate and various other salts of 
alumina, ferric oxide and chromic oxide, cuprous chloride, stannous chloride, nitrate 
of load, &e. The acid travels outwards by diffusion, superinducing a basic condition 
of the inner surface of the membrane, and an acid condition of the outer surface, the 
most favourable condition for a high positive osmose. Again, the dibasic salts of 
potassium and sodium, such as the sulphate and tartrate, though strictly neutral in 
properties, begin to exhibit a positive osmose, in consequence, perhaps, of their resolu- 
tion into an acid supersalt and free alkaline base. 

The following table exhibits the osmose of substances of all classes through mem- 
brane, the degree being a rise or fall of 1 millimetre: — 

* The action increases with the itrength of the folution op to a certain point, ns the above example* 
show. With Stronger solutions the pores of the membrane probably becomes topped up with particle* • 
oi salt, ant) the afciion consequently diminishes. 
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Osmosb op 1 per cent, Solutions in Membrane. 


Oxalic acid . . 

Deg r res. 
- 148 

Hydrochloric acid (01 per cent. 

) - 92 

Trichloride of gold 

- 54 

Stannic chloride . 

- 46 

Platinic chloride . . 

- 30 

Chloride of magnesium 

— 3 

Chloride of sodium 

+ 2 

Chloride of pot assium . 

IS 

Nitrate of sodium 

2 

Nitrate of silver . 

31 

Sulphate of potassium . 

21 to (SO 

Sulphate of magnesium 

14 

Chloride of calcium 

20 

Chloride of barium 

21 

Chloride of stront ium . 

2<i 

Chloride of cobalt 

. 20 

Chloride of manganese 

31 


Chloride of zinc , 
Chloride of nickel , 
Nitrate of lead 
Nitrate of cadmium 
Nitrate of uranium 
Nitrate of copper 
Chloride of copper 
Stannous chloride . 
Ferrous chloride 
Mercuric cl dor i do 
Mercurous nitrate . 
Mercuric nitrate 
Ferric acetate 
Acetal e of aluminium 
Chloride of aluminium 
Phosphate of sodium 
Carbonate of potassium . 



Degree*, 

. + H 
. «8 
126 to 211 
. 137 

234 to 468 
204 
351 


289 

485 

. 121 

. 360 

. 476 

194 

280 to 898 


610 

811 

439 


The osmotic action of carbonate of potassium and other alkaline salts is interfered 
with in an extraordinary manner by t he presence of chloride of sodium, being reduced 
to almost nothing by an equal proportion of that salt. The moderate positive osmose 
of sulplmto of potassium is converted into a v« ry sensible negative osmose by the 
presence of the merest trace of a strong acid, while the positive osmose of the same salt 
is singularly promoted by a small proportion of alkaline carbonate: thus, a 1 per cent, 
solution of sulphate of potassium gives an osmose of 21'\ l.mt the addition of 0*1 per 
cent, of carbonate of potassium raises it to between 254 and 204 degrees. (Graham.) 

If a glass tube, bent in the form of a siphon, and having its shorter leg closed with 
bladder, be partially filled with salt water, the shorter leg then immersed in a vessel 
of pure water, and mercury poured inlo the longer leg, so that its pressure may net in 
opposition to the force with which the water lends to enter the saline solution through 
the bladder, it will be found that, when the column of mercury attains a certain height, 
the two liquids will mix without change of volume, the force of the osmotic current 
being then exactly balanced by the weight of the mercurial column. In this way the 
mechanical force of the osmotic current may be measured. (Liebig.) 

Osmose appears to play an important part, in the functions of life. We have seen 
that it is peculiarly excited l>y dilute saline solutions, such as file animal and 
vegetable juices are, and that t he acid or alkaline property which these juices possess is 
another favourable condition for (heir action on membrane. Tho natural excitation 
of osmose in the substance of the membranes or cell-walls dividing such solut ions scorn* 
therefore almost inevitable. 

In osmose there is also a remarkably direct substitution of one of the great forces of 
nature by its equivalent in another force, — the conversion, namely, of chemical action 
into mechanical power. Viewed in this light, the osmotic injection of fluids nifty, 
perhaps, supply the deficient link which intervenes between chemical decomposition 
and muscular movement. The ascent of the sap in plants appears to depend upon a 
similar conversion of chemical, <>r, at least, molecular action into mechanical force, 
Tho juices of plants are constantly permeating the coatings of the superficial vessels in 
the, leaves and other organs; and as t liesc evaporate info flic air, a fresh portion of 
liquid is absorbed by the membrane and evaporates; and thus a regular upward 
current is established, by which tho sap is transferred from the roofs to the highest 
parts of the tree. In a similar manner, the evaporation constantly taking place from 
the skin and lungs of animals, causes a continuous flow of the animat juices from Ihe 
interior towards the surface. 

From liis recent experiments on the passage of liquids through colloidal septa, 
Graham infers that the water movement in osmose is an affair of hydration and of 
dehydration in the substance of the membrane or other colloid septum, and that the 
diffusion of the saline solution placed within the osmometer has little or nothing to do 
with the osmotic result, otherwise than as it affects the state of hydration of the septum. 

Osmose is generally considerable through membranous and other highly hydrated 
septa, with the solution of any colloid (gum, for instance) contained in the osmometer. 
Yet the diffusion outwards of the colloid is always minute, and may sometimes amount 
to nothing. Indeed, an insoluble colloid, such as gum traga ran th, placed in powdef 
within the osmometer, was found to indicate the rapid entrance of water, to convert 
the ptm into a bulky gelatinous hydrate. Hero no outward or double movement in 
possible. 
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Tbe degree of hydration of any gelatinous body is much affectfd by the liquid 
medium in which it is placed. This is very obvious in fibrin and animal membrane. 
Placed in pure water, such colloids are hydrated to a higher degree than they are in 
neutral saline solutions. Hence the equilibrium of hydration is different on the two 
sides of the membrane of an osmometer. The outer surface of the membrane being in 
contact with pure water, tends to hydrate itself in a higher degree than the inner 
surface does, the latter surface being supposed to be in contact with a saline solution. 
When the full hydration of the outer surface extends through the thickness of the 
membrane and reaches the inner surface, it there receives a check. The degree of hydra- 
tion is lowered, and water must be given up by the inner layer of the membrane, and 
it forms the osmose. The contact, of the saline fluid is thus attended by a continuous 
catalysis of the gelatinous hydrate, by which it is resolved into a lower gelatinous hy- 
drate and free water. The inner surface of the membrane of the osmometer contracts 
by contact with the saline solution, while the outer surface dilates by contact with plftro 
water. Far from promoting this separation of water, the diffusion of the salt through- 
out the substance of the membrane appears to impede osmose, by equalising the con- 
dition as to saline matter of the membrane through its whole thickness. The advan- 
tage which colloidal solutions have in inducing osmose, appears todepend in part upon 
the low diffusibilit.y of such solutions, and their want of power to penetrate the 
colloidal septum. 

The substances fibrin, albumin, and animal membrane swell greatly when immersed 
in water containing minute proportions of acid or of alkali, as is well known. On the 
other hand, when the proportion of aeid or alkali is carried beyond a point peculiar to 
each substance, contraction of the colloid takes place. Such colloids as have been 
named, acquire the power of combining with tin increased proportion of water, and of 
forming superior gelatinous hydrates, in consequence of contact with dilute acid or 
alkaline reagents. Even parchment- paper is more elongated in an alkaline solution 
than in pure water. When so hydrated and dilated, the colloids present an extreme 
osmotic sensibility. Used as septa, they appear to assume, or resign their water of 
gidati nation under influences apparently the most feeble. It is not attempted to explain 
this varying hydration of colloids with the osmotic effects thence arising. Such 
phenomena belong to colloidal chemistry, where the prevailing changes in composition 
appear to he of the kind vaguely described as catalytic. To the future investigation 
of catalytic affinity, therefore, must we look for the further elucidation of osmose. 
((1 rah am, Chcni. Soc. J. xv. 26S.) 

X.XQUXDS, TRANSPIRATION 1 OP. (Poiseuille, Ann. Ch. Phys. [3] vii. 
60; xxi.7(5; .lahresbcr. 1847- K, p. 130; Graham, Phil. Trans. 1801, p. 373; Chem. 
Soc. J. xv. 427.) — This term is applied to the passage of liquids through capillary 
tubes underpressure, in accordance with the analogy of gaseous transpiration (ii. 820). 
The first experiments on the subject were made by Poiseuille, who determined the 
manner in which the flow of the liquid is related to the pressure, and to the length 

and diameter of the tubes ; also, in many cases, the manner in which it is affected by 

the nature of the liquid. Graham’s enquiries were directed chiefly to the relation 
bet ween the rate of transpiration and the chemical composition of the liquid. 

The apparatus used by both these enquirers consists essentially of a small but rather 
stout glass bulb, A (Jig. 7 Id), about two-thirds of an inch in diameter, having a capa- 
city of from 4 to 8 e. e., blown upon a thick glass tube, with a bore of nlmub 2 milli- 
metres. A scratch c is made upon the glass tube above, 
and another d bejpw the bulb, to indicate the available 
capacity of the instrument. The lower tube is bent at a 
right angle to thf "upper, and a fine capillary tube, II, 
from 3 to 4 inches in length, is sealed to the curved 
extremity of the tube. The bulb and capillary are im- 
mersed in a vessel of water during tho experiment, to 
secure uniformity of temperature. The force employed 
to impel the liquid through the capillary is obtained from 
compressed air contained in a large reservoir provided 
with a mercurial gauge. The time is noted in seconds. 

The liquid may be introduced into the bulb through 
the open upper tube by means of a tube-funnel ; but it is 
more convenient, although requiring a much longer time, 
to fill the bulb by aspiration through the capillary. With 
this view, the compressed air is shut off by a stop-eock, 
and the upper tube of the hull) allowed to communicate 
with the receiver of an air-pump instead, whereby ex- 
haustion is produced, while the open end of the capillary is immersed in a portion of 
the liquid. Tho liquid which enters the bulb in this manner is sure to be free from 
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any solid matter that could cause obstruction in the capillary during the subsequent 
passage of the liquid outwards, while the disconnecting of the bulb from the rest of the 
apparatus, for the purpose of filling the former, is also avoided. 

From the experiments of Poiseuille it appears that when a tube exceeds a certain 
length (which is greater tvs the diameter increases), the rate of efflux is regulutod by 
the following laws : — 

1. The tlow increases directly as the pressure. 

2. With tubes of equal diameter, the quantities discharged in equal limes are in- 
versely as the lengths. 

3. In tubes of equal length, but different diameters, the rate of efflux is as the fourth 
powers of the diameters. 

The material of which the tube is made does not appear to influence the result, but 
the nature of the liquid employed exercises a marked effect. Tlio liquids used iu 
Poyseuillo’s experiments whre in most eases aqueous solutions of various bodies, 
especially of salts. In the majority of instances, the flow of the solution was slower 
than that of distilled water. All the alkalis occasioned this retardation. In u few in- 
stances, no sensible alteration was produced; thus neither nitrate of silver, mercuric 
chloride, iodide of sodium, iodide of iron, nitric, hydriodie, bromic, nor hydrobromie acid 
seemed to have any influence, whilst sulphydrie and prussic acids, the nitrates and 
chlorides of potassium and ammonium, and the iodide, bromide, and cyanide of potas- 
sium, increased the rapidity of the flow; it is remark aide, however, that concentrated 
solutions of iodide of potassium, at temperatures above 60°. and of nitrate of potassium 
above 40°, actually flow more slowly than distilled water. Strict attention to the tem- 
perature at which these comparisons are made is absolutely necessary ; for bot h with 
water and with dilute solut ions generally, a slight elevation of temperature produces a 
great increase in the rapidity of efflux. Water, for instance, at 46° escapes through 
the same tube 2^ times as fast as it does at 5°. 

No connection has hitherto been traced between the rate of olflux of a liquid and its 
density, capillarity, or fluidity. The capillarity of alcohol, as well us its density, in- 
creases in proportion as it is diluted with water, whilst its fluidity diminishes; but a 
mixture of equal parts of alcohol and water flows out with considerably less than half 
the rapidity of pure alcohol, and with less than a third of that of distilled water. The 
dilution of alcohol therefore, to a great extent, retards its efflux, and beyond that point 
increases it : the minimum rate of efflux corresponds with that particular mixture of 
alcohol and water, which is attended with the maximum contraction after the admixture 
of the two liquids. 

The degree of solubility of a body in water appears to exercise but a secondary influ- 
ence on t lie result. Poiseuille shows it to be highly probable that various solutions, 
when introduced into the blood of a living animal, provided they do not cause the 
serum to coagulate, produce effects of acceleration and retardation on the capillary cir- 
culation corresponding with those which are observed ill the same liquids iu capillary 
tubes of glass. He has shown this to be the ease, by direct experiment, with iodide of 
potassium when injected into the veins of the horse ; and that when various salts are 
mingled with the serum, and the liquids are allowed to flow out through small tubes, 
retardation or acceleration occurs, as in the corresponding eases, with their aqueous 
solutions. 

The following tables contain the numerical results of Poiseuille’s experiments. 

The salts are arranged according to the acids, which appear to have the greatest 
influence on the rate of efflux. The letters A, Ji , C, &e., designate the t ubes employed. 
L is the length, D the diameter of the tube, II the pressure, measured by a column of 
water in millimetres, T the temperature (centigrade), M the quantity of substance in 
100 pts. of water, ft the time of efflux in seconds. The figures printed in the thicker 
type denote the time of efflux of pure water in each ease. 


Flow of Liquid* through Capillary Tuhrs. ( Po i s o u i 1 1 e. ) 


Substance. 

M. 

s. 

Subatance. 

M. 

s. 

L. L- 64; D = 024946; 11 

= 1000 ; 

1 Ji, L - 64 ; I) « 0 24940 ; H - 1000; 

T » 1P6°. 


T«ll-6°. 


Iodide of potassium . 

0 

0T 

6683 

667 6 

Iodide of potassium 

100 
20 0 

630-4 

6057 

H 11 

0-2 

666 7 


50*0 

474 9 


0-4 

666-6 

Iodide of sodium 

0 

5695 


08 

6636 


0-4 

669-6 

99 §9 9 

20 

567'6 

tt »» 

20 

569-8 
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Flow of Liquids through Capillary Tubes — continued. 


Substance. 

M. 

s. 

B . L = 64 ; D = 0 24946 ; IT 

= 1000; 

T = 11-6°. 


Iodide of sodium 

100 

570*0 


20*0 

677*1 

Iodine 

0 

568*3 

tt ... 

sat 

668*7 

Iodido of iron . 

0*2 

668*2 


10-0 

668*5 

Bromide of potassium 

0*4 

565*8 

»» 99 

2*0 

660*0 

99 B • 

100 

537*6 

T = 11*2°. 


Nitrate of potassium . 

0 

575*8 

5 J 99 * 

0*1 

574*5 

99 99 • 

0*2 

573*5 

B 99 • 

0-4 

571*4 

) 1 99 ■ 

10 

564*5 

B 

100 

541*2 

• > )) * 

200 

533*3 

„ of ammonium 

10 

569*4 

„ „ 

10*0 

531*1 

„ of sodium 

1*0 

575*9 

>> ,, 

100 

592*4 

„ of lead . 

10 

577*8 

M * • 

4*0 

582*9 

,, of strontium . 

1*0 

578*8 

>> ,, 

4*0 

586*7 

„ of calcium 

1*0 

581*2 

IJ ,, 

100 

623*6 

„ of magnesium 

10 

583*2 


10*0 

641*7 

1C. L = 37; D =0*19495; II = 

= 1370*8; 

T = 14*2°. 


Nitrate of silver . 

0 

741*5 

B fl • • 

1*0 

740 9 


10*0 

7410 

B, 11 = 1000; 

H 

1! 

it 



5650 

Chloride of potassium 

1*0 

560*8 

>» It 

100 

5448 

„ of ammonium 

1*0 

560*9 

B M 

2 0 

656*5 


10*0 

535*8 

„ of sodium 

1*0 

569*4 

,, tf 

100 

640*3 

,, of calcium 

10 

671*2 

i» „ 

100 

620*7 

,, of magnesium 

10 

574*9 

» 

10*0 

646*8 

B. H « 865*1 ; 

T « 11 * 2 °. ij 

Mercuric chloride 

0 

608*5° 

»> »» 

10 

608*1 

• W 

20 

607*9 

n >i 

sat. 

607*8 


Substance. 

M. 

8 - 

o 

o 

© 

il 

H 

r _ a- 

2°. 

575*8 

Hydrochlorate of mor- 



phine 

1*25 

689*8 

Hydrochlorate of 



strychnine 

1*4 

590*0 

* T = 12*; 

r°. 

664-8 

Cyanide of potassium 

1*0 

651*6 

>i »» • 

4*0 

548*8 

„ of mercury . 

1*0 

558*4 

>» ii 

4*0 

564*3 


to serum : 

Scrum 


1014*5 

Cyanide of potassium 

1*0 

998*7 

„ of mercury . 

1*0 

1025*3 

T - 11*2 

p. 

575*8 

Sulphate of potassium 

1*0 

578*9 

» » 

4*0 

592 1 

„ of ammonium 

1*0 

582*0 

>» >» 

4*0 

598'9 

,, ot sodium 

10 

590*3 

B B 

4*0 

606*1 

,, of magnesium 

1*0 

590*5 

»» » 

4 0 

630*1 

, f of zinc . 

2*0 

695*6 

, f of ferrosum . 

2*0 

609*5 

„ of morphine . 

1*25 

690*3 

T = 12 7 

o 

5758 

Alum .... 

10 

592*4 

Phosphate of potassium 

4*0 

632*4 

10 

583*4 

»» »i 

4*0 

602*7 

„ of sodium . 

1*0 

588*6 

*» „ 

4 0 

622*8 

„ of ammonium 

1*0 

590*2 

», „ 

4*0 

626*2 

T = 11*2 

j 




575-6 

Asrsenate of potassium 

10 

683*3 

99 B » 

2*0 

590*8 

of sodium . 

1*0 

688*0 

>• ii 

4*0 

617*3 

Acid carbonate of am- 



monium . 

10 

580*6 

Acid carbonate of po- 



tassium . 

1*0 

680*4 

Acid carbonate of so- 



dium 

1*0 

589*8 

Carbonate of ammo- 



nium . 

1*0 

583*8 

♦1 » tt 

40 

602*9 

Carbonate of potassium 

1*0 

588*3 

it i> • 

4*0 

617*0 

„ of sodium . 

1*0 

692*5 

» H 

4*0 

j 622 7 
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Flow of Liquids through Capillary Tubes — continued. 


SuUtanc t 

M. 

s. 

T = 11-8°. 




666*2 

Oxalate of potassium . 

1*0 

571T 

y# 99 

100 

(520*1 

„ of ammonium 

10 

574-2 

,, 

4 0 

596-6 

„ of sodium 

10 

578*4 

A%id oxuluto of potas- 



sium 

10 

573 4 

, B . II = 858; T = 141°. 



620 0 

Acetate of lead . 

10 

633 1 


40 

653*5 

B. II =- 1000; T - 11-4°. 



6710 

Citrate of iron 

20 

505-3 

T = 11-2°. 




676-8 

Tartar-emetic 

10 

681*2 

>» *» • 

4 0 

604-7 

J). L = 105; D = 0*17; II = 


1998*0; 

T = 12-8°. 




123' 38 ' 

Acetate of ammonium 

20 

122 35 

B. II =» 1000; T * 110°. 



664*7 

Ilydrato of potassium . 

2*0 

579-4 

„ of sodium 

20 

611-4 

Concentrated ammonia 

10*0 

628*7 

l» M 

pure 

725-4 

T = 11*2°. 




674*9 

Hydriodic acid . 

10 

575 0 

»» n 

4-0 

574*5 

Nitric „ 

10 

573-9 

»» >> 

3-2 

674-6 


8*2 

673-3 * 

T * 11*8°. 




5662 

Solid iodic acid . 

10 

670*1 

»* u • 

3 4 

673 5 


Substance. 

M. 

8. 

K. L = 27 ; 1) -0-1316: H~ 2012-2: 

T ^ 10°. 




1 499*0 

Prussic acid 

33*3 

j 489*0 

F. L = 70 ; I) ** 0*207 ; J1 « 2 039 4 ; 

H 

(j 

i— • 

C: 

0 



Pure serum . 


1448 

100 waiter to 100 serum 


1277 

100 prussic acid „ 


1278 

100 sulphydric acid „ 


1260 

B. II = 1000; T - 11-6°. 

1 


568*3 

Hydrobromic acid . 1 

10 

609-7 

*> t» 

7*2 

67 W 

llronne acid 

1*0 

569-3 

>» »i • 

3*2 

670-5 

T =x 11*2°. 




576*8 

Hydrochloric acid 

10 

577-3 


2*0 

679-5 


10*0 

591*8 


200 

604*3 

Carbonic acid 

sat. 

580*6 

Artificial Seltzer water 

sat. 

684*2 

Solid oxalic acid . 

10 

682-9 


20 

590-6 

„ phosphoric acid . 

10*0 

626*7 

1*0 

682-8 

.» ,, , * 

4*0 

603-9 

Acetic acid . 

10 

586*5 


10*0 

633*4 


pure 

13150 

Sol itl citric acid , 

1*0 

686*0 


10*0 

682*1 

,, arsenic acid 

10 

686*3 

m 

40 

6180 

Arsenious acid . 

10 

578*6 

Concentrated sulphuric 



acid 

1*0 

589*6 

Concent, sulphuric acid 

puro 

1469 5 

Solid tartaric acid 

2*0 

601*1 

Serum of ox-blood 

pure 

1048 6 

Madeira wine 


1134 1 

Sparkling Sillery 


1462 8 

Jamaica rum 

” 

1831 9 


It is remarked by Graham that the flow of a liquid is greatly retarded by the pro- 
settee of a small quantity of a soluble colloid ; so much so that the transpiration tubs 
may be used as a collo'idoscope. The transpirability of different salts appear also 
generally to follow their ratio of diffusibility in water. 

The isolated feet discovered by Poiseuille that aqueous alcohol has a point or 
maximum retardation, coincident with the degree of dilution at which the greatest COR* 
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densation of the mixed liquids occurs, — which degree of dilution corresponds with the 
hydrate, C 2 H <, 0.3H 2 0, has been made by Graham the starting-point of an important 
series of experiments on the relation between capillary transpiration and chemical 
composition. The 3 -atom hydrate of me thy lie alcohol, CH J 0.3H !i 0, though not 
distinguished by any particular degree of condensation in volume, exhibits a peculiarity 
in its transpiration rate, similar to that of dilute cthylic alcohol. The hydrated acids 
also, in many cases, exhibit a characteristic retardation of transpiration at a particular 
degree of hydration. In hydrated substances generally, the extent to which transpira- 
tion is affected by annexation of water, is by no means in proportion to the intensity of 
combination. In sulphuric acid, for instance, the maximum transpiration-time 
occurs with the hydrate IPSO 1 . IPO ; in acetic acid, with the compound CHPOMP'O; 
of nitric acid with 21IN0 3 .3II 2 0 ; and with alcohol, as above observed, with the 
hydrate C-IPO. 311*0. The transpiration-times of those hydrates are given, amongst 
other results, in the following table, in which the transpiration-time of water atMhe 
same temperature is taken as the unit of comparison : 


Transpiration-times of Acids , Alcohols , and Ethers. (Graham.) 


Liquid (undiluted). 

Transpira- 

tion-Lime. 

Degree of 
hydration. 

Transpira- 
tion. time. 

Water . . . 


1-0000 




Methylic alcohol . 

C IPO 

0-6300 

+ 

311*0 

1-8021 

Ethylic alcohol 

C 2 H"0 

11950 

+ 

3IPO 

2*7582 

Amy lie alcohol . 

C»II ,2 0 

3-0190 




Formate of ethyl . 

C*H«O a 

0-5110 




Acetate of ethyl . 

cn 8 o* 

0-5530 




Butyrate of ethyl . 

c*h ,8 o® : 

07500 




Valerate of ethyl . 

C' T J1"0 2 . 

0-8270 




Acetic acid . 

C*IPO- 

1-2801 


HO 

2*7400 

Butyric acid 

C‘IPO* 

1*5050 

+ 

JPO 

1 3*2790 

Valerianic acid . 

C s JI ,0 O* . 

2*1550 

+ 

11-0 

| 3-8390 

Nitric acid . 

NIIO 1 * 

0*9899 

+ 

3 HO 

1 2*1034 

Sulphuric acid 

Sil-O* 

21*6514 

+ 

IPO 

23*7706 

Acetone 

C*H®0 

0-4010 

+ 

6 IPO 

1-6040 


On comparing the transpiration-times of the several alcohols, ethers, and acids in 
this table, it will be scon that, so far as these observations extend, the order of succes- 
sion of individual substances in any homologous series is indicated by their degree of 
t.rauspirability as clearly as by their comparative volatility, the heaviest molecules 
having the slowest rate of efflux. It may also be observed that the transpiration rate 
of an acid is slower than that of an ether with which it is mctumoric; butyric acid, for 
example, is slower than acetate of ethyl. 

LIQUORICE. See GnYCYititHiziN (ii. 920). 

LIRIODENDRIN 1 . A neutral substance, existing, according to Emmet, in tlio 
stem of the tulip-tree ( Liriodmdron Itdipifera). It is obtained by exhausting the 
bark with water, concentrating to one-fifth, washing the impure substance which 
separates with weak potash, and crystallising from boiling dilute alcohol. It crys- 
tallises in scales or in radiating needles. It js bitter, melts at 83°, is partly volatile, 
Sparingly soluble in water, very soluble in Atcohol and ether. It Is decomposed by 
strong hydrochloric or sulphuric acid, the latter converting it into a brown rosin. 
Iodine colours it yellow. 

LIROCONITfi. Octahedral Arsenate of Copper , Cludcophacite % Lin sen ere . — 
This mineral occurs in trimetric crystals, exhibiting the combination a>P . Poo, occa- 
sionally an inch in diameter, but usually minute. Anglo ooP : ooP = 119° 2(f ; 
Poo : Poo «=»72° 22'. Cleavage lateral, but obtained with difficulty. Rarely granular. 
Hardness •■= 2 to 2 5. Specific gravity = 2*882 to 2 985. Lustre vitreous, inclining to 
resinous. Colour and streak sky-blue. Fracture imperfectly conchoidal, uneven. 
Imperfectly sectilo. 

When heated it turns green and begins to glow, then becoming dark brown. On 
charcoal before the blow-pipe it melts slowly, and forms a red brittle bead ; when 
reduced with carbonate of sodium, it yields white scales of arsenide of copper 
(Dam ogr). It is completely dissolved by acids, and even by ammonia. 

The following are analyses of liroeonite from Cornwall; a. by Hermann (J* pr. 
Chera. xxxiii. 296) — b . by Damonr (Ann. Ch. Phys. [3] xiii. 404)— c. by Troll* 
Wachtmeister (Kongl. Vet. Acad. I'orhandl. 1832, p. 80):-- 




A*H>» 

а . 28*06 

б . 22-40 
c. 2314 


PORE — LITHIUM, CHLORIDE 

OF. 

P* 0 ' 

CuO 

A 1 » 0 » H “0 


3*73 

3638 

10-86 26*01 ~ 

99*02 

3*24 

37'40 

10*09 26*44 « 

98-67 

2*98 

39*16 

894 26-78 « 100 00 


Thoao results may bo represented by the following formulae: 


a. (4ATO*P*0»),3(6Cu0.As t 0*).48lI*0 
A (4Al*O*.P*O').4(6CuO.AB i O ft ).60HH) 
<?. (4Al*0 , .F f 0»).5(6Cu0.A8*() i ).72H*() 



Liroconite occurs, with various ores of copper, pyrites, and quartz, at. lfuol Gorland 
and Huel Unity, in Cornwall ; also in minute crystals at Ilerrengrund in Hungary, and 
in Voigtland. (Dana, ii. 429.) 

XtZTEfiOBPORfi. Syn. with Hbavy Spab. 

Z|ITBZVM. Atomic weight 7, Symbol, Li. — Lithia, the oxide of this metal, was 
discovered by Arfvedson in 1817. It was first obtained from petalite (silicate of alu- 
minium and lithium), in which it exists to the amount of 5 per cent. ; it oxista also 
in lithiu-spodumeno (8 per cont.), umblygonito(l 1 per cent, b triphyline (3*4 par cant), 
lepidolite (3*6 per cent.), apyrite, and the tourmaline of Uton in Sweden. The moat 
abundant source of lithium yet discovered is a mineral spring in Cornwall, analysed by 
W. A. M iller ( Reports of the British Association, 1864). In smaller quantities it vs 
very widely diffused, being found in sea-water, in many micas and felspars, in the ash 
of various kinds of tobacco, in sea-water, and in many mineral springs. — Bunsen has 
lately detected it in the meteorite of Juvenas in France, and in that of Parnallee in 
South Ilindostan (Ann. Oh. Pharm. cxx. 263), and Engel bach has found it in the 
metorite of tho Cape. (Pogg. Ann. cxvi. 612.) 

Brandos (Scherer’s Aunalen, viii. 120) stated that a white combustible metal is 
obtained from lithia by the action of tho electric current, but metallic lithium was 
first obtained in definite form by Bunsen (Pogg. Ann. xciv. 107). Tho process is ns 
follows : 

Pure chloride of lithium is fused over a spirit-lamp in a small porcelain crucible, 
and di'composed by a zinc-carbon battery of 4 to G cells. The positive |>ole is a small 
splinter of gas coke fthe hard carbon deposited in gas-retorts), and the negative pole 
an iron wire about the thickness of a knitting-needle. After a few seconds, a smull 
silver-white regulus is formed under tho fused chloride, round the iron wire and 
adhering to it, and after two or three minutes attains the size of a small pea. To 
obtain the metal, the wire pole and regulus are lifted out of the fused mass, by a small, 
fiat, spoon-rthaped iron spatula. The wire may then be withdrawn from the still molted 
metal, which is protected from oxidation by a coating of chloride of lithium. The metal 
may now be easily removed from the spatula with a pen-knife, after having been cooled 
under rock-oil. These operations may bo repeuted every throe minutes ; and thus an 
ounce of the chloride may be reduced in a very short time. 

Lithium, on a freshly-cut surface, has the colour of silver, but quickly tarnishes on 
exposure to the air, becoming slightly yellow. It melts at 180°, and if pressed at that 
temperature between two glass plates, exhibits the colour and brightness of polished 
silver. It is harder than potassium or sodium, but softer than lead, and may, like that 
metal, be drawn out into wire. It tears much more easily than a lead wire of the same 
dimensions. It may be welded by pressure at ordinary temperatures. It Goals on 
rock-oil, and is the lightest of all known solids, its specific gravity being 0’689 — 
0678. (Bunsen.) 

Lithium is much less oxidable than potassium or sodium. It makes a. lead-grey 
streak on puper. It ignites at a temperature much higher than its melting point, 
burning quietly, and with an intense white light. It bums when heated in oxygen, 
chlorine, bromine, iodine, or carbonic anhydride, and with great brilliancy^n boiling 
sulphur. When thrown on water, it oxidises, but does not fuse like sodium. Nitric acid 
acts on it so violently that it melts and often takes fire. Strong sulphuric acid attacks it 
slowly; dilute sulphuric acid and hydrochloric acid quickly. Silica, glass, and porce- 
lain are attacked by lithium at temperatures below 200°. (Bunsen, Ann. Ch. 
Pham. xciv. 107.) 

XtXTHJLUM, OB&OKZBB OF. LiCl. Produced when lithium bums in chlorine 
gas ; also by dissolving lithia or carbonate of lithium in hydrochloric acid. By evapo- 
rating the aqueous solution at temperatures above 16*6°, or an alcoholic solution over 
sulphuric acid, the anhydrous chloride is obtained in cubes having the taste of common 
salt (C. Gmelin). According to T roost, it crystallises in regular octahedrons. According 
to Rose, it is more volatile than chloride of potassium, less volatile than chloride 
of sodium. In open vessels it volatilises oven below a red beat, and is partially con- 
vert eointo carbonate. 

Vol.UI. * A 
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The hydrated chloride , LiCl.IPO according to Raramelsberg, LiCL2H*0 according 
to Hermann and Troost, is formed when the anhydrous chloride deliquesces in the air, 
or when the aqueous solution is evaporated at a rather low temperature (below 10°), 
and crystallises in large rectangular prisms with four-sided summits resting on the 
lateral edges: it is probably isomorphous with hydrated chloride of sodium. By rapid 
crystallisation, it forms needles grouped in feathery tufts like Bal-ammoniac 
(Hermann). Both the anhydrous and the hydrated chloride deliquesce rapidly in the 
air, and dissolve very readily in water and in alcohol. (C. Gmeliu.) 

LXTBZVM, BBTBCTXOW AND ESTIMATION OF. 1. Reactions in 
the dry way. — Lithium salts are white, excepting those which contain a coloured acid, 
such as chromic acid. They are more readily fusible than the corresponding salts of 
potassium end sodium, and are permanent in the fire, if the acid is not too volatile or 
easily decomposed. Fused with carbonate of sodium on platinum foil, they cause 
a dark yellow stain round the circumference, whilst carbonate of sodium by itself pro- 
duces this effect to a much smaller degree only (Berzelius). Fused on platinum 
wire they colour the blowpipe flame carmine-red. An excess of a potassium-salt docs 
not interfere with the production of this colour, but. the presence of a small quantity 
*f soda gives rise to the yellow flame (H. Rose). Alcohol, in which a salt of lithium 
is dissolved or diffused in the state of fine powder, also burns with a carmine-red 
flame (C. Gmelin). The same occurs also with paper saturated with a solution 
of a salt of lithium, or the wick of a taper saturated with moistened phosphate or ace- 
tate of lithium (Turner, Ed. Phil. J. of Sc. ii. 267 ; iv. 113). By means of the 
spectroscope, the occurrence of very minute traces of lithium may be detected, by a 
brilliant crimson band, having a refrangibility between those of the lines BandCof the 
solar spectrum, and a faint yellow band somewhat less refrangible than the line D. In 
these two lines the whole light of the lithium spectrum is contained, when formed by 
the gas-flame of a Bunsen's burner. At very high temperatures, however, such as that 
of a hydrogen -flame, a blue line also makes its appearance. 

2 . Reactions in Solution . — All salts of lithium are soluble in water; but the* 
carbonate and phosphate, and the double phosphate of lithium and sodium are but 
slightly soluble. Hence the other salts of lithium, when not dissolved in too much 
water, yield difficultly soluble precipitates with carbonate of ammonium , 'potassium , or 
sodium , and with phosphate of sodium. Carbonate of sodium precipitates the salts of 
lithium after some time only. Common disodic phosphate does not precipitate them in 
the cold, oven after a long time, except on the addition of ammonia, which gradually 
gives rise to an abundant precipitate. But a mixture of a salt of lithium with phos- 
phate of sodium becomes turbid by boiling or evaporation, and the dry residue, on 
being treated with water, leaves the difficultly soluble phosphate of lithium and sodium. 

Phosphate of potassium gives no precipitate, even on boiling or evaporation ; but on 
the addition of ammonia , an abundant precipitate after some time (H. Rose). ////- 
drofluosilicic acid, throws down from salts of lithium the almost insoluble fluoride of 
silicium and lithium (Berzelius), and picric acid precipitates picrate of lithium (H. 
Rose). Solutions of lithium-salts, even when concentrated, are not precipitated by 
perchloric acid, sulphate of aluminium, dichloride, of platinum, oxalic acid, or tartaric 
acid. 

A solution of a salt, which is not clouded by caustic soda in the cold, or by carbo- 
nate of sodium at a boiling beat, but yields with phosphate of sodium, on evaporation, 
an almost insoluble white powder, contains lithia. (Berzelius.) 

3. Quan tita tive Estimation and Separation. — Lithium, after separation from 
other metals, may be estimated as curbonatefsulphate, or chloride. The hydrate and the 
organic salts of lithium are converted into rarbonate, LPCO 3 , when ignited in contact 
with the air. All lithium-salts containing volatile acids, may be converted into sul- 
phate by heating them with sulphuric acid: the excess of acid may be expelled by 
simple ignition, without addition of carbonate of ammonia, because lithium does not 
form an acid sulphate. The chloride is not so well adapted for quantitative estimation 
as the sulphate, on account of its hygroscopic qualities ; but as lithium is generally 
obtained as chloride, in the process of separating it from sodium, it is convenient to 
estimate it directly in this form: it must be ignited in a well-covered crucible, and 
weighed immediately after cooling. 

Lithium may also be estimated as phosphate, Li*PO\ by evaporating the solution of 
a lithium-salt with phosphate of sodium, adding a quantity of hydrate or carbonate of 
sodium sufficient to keep the liquid alkaline ; digesting the residue with ammonia, 
and washing the precipitate with a mixture of equal volumes of water and ammonia, 
then drying at 100°, and igniting. The determination may be rendered more qxact 
by repeatedly evaporating the filtrate and wash-water, and treating the small qualities 
of lithium-phosphate thereby separated, as before (W. Mayer, Ann. Ch. Pnarm 
Serin, 193 ; Jahresb. 1856, p. 739). According to Ka -ninelsberg (Pogg. Ann. cii. 
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441 ; Jahresb. 1857, p. 141), solutions of lithium treated with phosphate and carbonate 
of sodium yield salts of the form M s P0‘, containing variable quantities of lithium and 
sodium ; but Fresenius (Zeitschr. Annul. Chem. i. 42) finds that the precipitate ob- 
tained as above alwayB has the composition Li*PO\ and, accordingly, that Mayer's 
process is capable of yielding correct results. 

Lithium is separated from the earth -metals and heavy metals in the same 
manner as the other alkalis, namely, by sulphydric acid, sulphide of ammonium, or 
carbonate of ammonium, &c. From potassium it may be separated by dichloride of 
platinum, which precipitates potassium, but not lithium ; and from sodium, by con- 
verting the two alkalis into chlorides, and treating the dried chlorides, in a well 
closed bottle, with a mixture of ether and absolute alcohol , which, in the course of a 
few days, dissolves the chloride of lithium, and leaves the chloride of sodium. 

As, however, this last process is somewhat tedious, and is apt to bo rendered inexact 
by tfce presence of moisture, Bunsen (Ann. Ch. Pharm. exxii. 348) recommends the 
following indirect method of estimating lithium, when it exists in the state of mixture 
or combination with other alkali -metal.s. The anhydrous mixture of the chlorides of 
the alkali-metals is repeatedly exhausted with ether-alcohol ; the residuo obtained by 
evaporating this solution is again treated in the same manner ; and the evaporated 
residue of this extract is ignited and weighed. It is then dissolved in water; the 
total amount of chlorine is determined by precipitation with nitrate of silver; the 
filtrate is then freed from excess of silver by hydrochloric acid, and the potassium con- 
tained in it is precipitated by chloride of platinum. The quantity of chloride of potas- 
sium thus determined gives, when deducted from the total weight of the chlorides, a 
remainder A = x chloride of lithium ■+■ //chloride of sodium; and the quantity of 
chloride of silver equivalent to the known quantity of chloride of potassium, gives, when 
deducted from the total weight of the chloride of silver, u weight B, whence the quan- 
tity of chloride of lithium is calculated by the formula — 

x — 1-0823 B — 2 0525 A. 

4. Atomic weight of Lithium . The earlier determinations of this number by 
Arfvcdson, Vauquelin, C. G. Gmclin, and Kralovansky, were much too high, having 
been made with lithium-salts containing sodium. Hermann, Berzelius, and llagen, 
prepared carbonate of lithium free from sodium by precipitation with carbonate of 
ammonium, and converted it into sulphate, which was then analysed by precipitation 
with baryta. In this manner Berzelius obtained the number G‘5. The numbers ob- 
tained by Hermann and Hagen were lower, and even that of Berzelius has been shown 
by subsequent experiments to be tt o low, the error probably arising from partial 
decomposition of the carbonate of lithium during fusion. 

Mallet (Sill. Am. J. xxii. 349), by decomposing chloride of lithium with nit rain 
of silver, obtained the numbers 6'92 and G’96. Diehl (Ann. Ch. Pharm. exxi. 93), 
by the analysis of carbonate of lithium, the purity of which had been tested by 
spectral analysis, found tho atomic weight of the metal — 7'O20. Troost (*/«</. oxxiit. 
384), by decomposing the pure carbonate with silicic acid, obtained the number 7 ’01 ; 
tho analysis of tho chloride gave the same result; and tho decomposition of tho car- 
bonate by sulphuric acid yielded the number 7‘06. From all those results, tho num- 
ber 7 is Adopted as the true atomic weight of lithium. 

X.ZTBXUHK, nUOKZDB OF. This compound crystallises from tho aqueous 
solution in very small opaque grains, which, at the temperature of commencing red- 
ness, fuse to a clear mass, again becoming cloudy as it solidifies. It is very slightly 
soluble in water. (Berzelius.) 

L ITHIUM , OXIDE OJF. Lilkia , Li 2 0. — Anhydrous lithia is obtained as a 
yellowish-white spongy mass, containing a certain quantity of peroxide, by burning 
lithium in oxygen, and leaving the product to cool in a stream of the gas. (T roost. 
Ana. Ch. Phys. [3] li. 703.) 

The hydrate may be obtained from petalito, spodumene, or lepidolite, which are 
silicates containing lithium (most advantageously from lepidolite), or from triphyline, 
which is a phosphate of lithium, manganese, iron and aluminium, by tho following 
processes : — 

1. Lepidolite, petalite, or lithia-spednmene, reduced to fine powder by careful levl- 
gation, is ignited with twice its weight of quicklime ; the mass is treated with hydro- 
chloric acid, then with sulphuric acid ; tho resulting sulphate of lithium is dissolved 
out frQm the sulphate of calcium ; and the lost traces of calcium are removed by pre- 
cipitation with oxalate of ammonium. The solution of sulphate of lithium is then 
trrate^ with a quantity of baryta-water just sufficient to throw down the sulphuric 
acid, and the filtrate on evaporation yields hydrate of lithium. 

2. Troost (Ann. Ch. Phys. [3] li. 121) heats 10 pts. of finely-powdered lepidolite 
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with 10 pts. of carbonate of barium, 5 pts. sulphate of barium, and 3 pts. sulphate of 
potassium. The fused mass separates on cooling into a heavy transparent glass and a 
supernatant white crystalline slag, consisting of the sulphates of barium, lithium, 
potassium, and sodium, and containing nearly all the lithium. The alkaline sulphates 
are dissolved out by water, and converted into chlorides by chloride of barium ; the 
potassium is precipitated by chloride of platinum, and the chlorides of lithium and 
sodium are separated by means of alcohol and ether. In operating on a large scale, 
the double sulphate of lithium and potassium may be separated by fractional crys- 
tallisation. 

•, 3. Triphyline is dissolved in strong hydrochloric acid, nitric acid being added to 
bring the iron to the state of ferric oxide ; the solution is evaporated to dryness ; and 
the residue is treated with water, which leaves all the iron as insoluble phosphate. 
The solution containing the chlorides of lithium and manganese and a little phos- 
phoric acid, is treated with sulphide of barium, which removes the two latter sub- 
stances ; the excess of barium is removed by sulphuric acid (or better, by carbonate of 
ammonium), and the filtrate is evaporated to dryness and ignited. Chloride of lithium 
thus obtained frequently contains chloride of sodium, which may be separated by 
alcohol and ether. The chloride is then converted into sulphate, and from this salt 
caustic lithia is obtained as above. (Muller, Ann. Ch. Phys. [3] xlv. 350.) 

Hydrate of Lithium, LiHO, separates from the aqueous solution in small crystalline 
grains. It has the same tiiste, causticity, and alkaline action oil vegetable colours as 
potash and soda, but is much less soluble in water. It melts easily below redness, 
forming a fused mass which has a crystalline fracture. It does not appear to volatilise 
at a whito heat. 

Fused lithia, as commonly prepared, corrodes platinum vessels powerfully, so that 
silver vessels should always be used for heating it. This action upon platinum is said, 
indeed, to be one of the best indications of the presence of lithium; but, according to 
Troost (Anil. Ch. Pharm. cxxiii. 384), it is not produced by pure lithia, or by any 
pure lithium-salt, but only by such as contain caesium and rubidium. 

Peroxide of Lithium is said by Troost to be formed, together with lithia, when 
lithium is burned in oxygen gas. 

LITHIUM, 8VLPHZBH Or. Li 5 S. This compound is formed when lithium 
is thrown on melted sulphur; hIbo when sulphate of lithium is heated to redness with 
charcoal. It dissolves in water and alcohol more easily than lithia. 

LITHOOAAPHT. See Printing, Chkmical. 

LITHOMAROB, Stone-marrov > (Steinmark). A kind of clay, of which there 
are two varieties, the friable and the indurated. 

Friable Lithnmargc . — Colour white. Massive and sometimes in crusts ; particles 
scaly and feebly glimmering; streak shining. Slightly cohering. Soils slightly. 
Feels rather greasy ; adheres to the tongue. Light. Phosphoresces in the dark. Its 
constituents are, according to Klaproth, silica 32, alumina 26-6, iron 21, chloride of 
sodium 15, and water J7 0. It occurs sometimes in tin-stone veins. 

Indurated Lithomarge. Colours yellowish and reddish-white. Massive and amyg- 
dalo'idal. Dull, opaque. Fracture fine earthy. Streak shiny. Soft, soctlte, and 
easily frangible ; adheres strongly to the tongue; greasy to the touch. Specific gravity 
2*44. Infusible before the blowpipe. Some varieties phosphoresce, and others, when 
moistened, afford an agreeable smell like that of nuts. Its constituents are, silica 
45*25, alumina 36*5, oxide of iron 275, w^ter 14, and a trace of potash (Klaproth). 
It occurs in veins in porphyry, gneiss, 4pc., at Rochlitz in Saxony, and at Zoblits. 
(Jameson.) ; 

LITHOBPSRMUM, The root-bark of Lithospcrmum arvense contains a red 
colouring matter, which reacts with water, alcohol, ether, and alkalis, in the same way 
as that of alkanet (i. 128), excepting that the lithosperm-red forms a blue solution 
with ether, whereas alkanet-red formsa dark red solution. (Ludwig and Kromayer, 
R6p. Chim. app. 1859, p. 211.) 

LITMUS, Lackmus , Toumesol en pains. — A blue colouring matter, used chiefly 
for preparing test-papers. It is obtained from various species of Rocctlla, Variolaria, 
and Lecanora , the same lichens in fact that yield archil (i. 356). It appears from the 
experiments of 06 lie (Revue Scient. vi. 50) that the blue colouring matter is 
developed in the lichens by fermentation, when the proximate principles contained in 
them are metamorphosed in presence of an alkaline carbonate. Under the influence of 
the air and ammonia alone, these lichens yield nothing but archil ; but if an alkaline 
carbonate is likewise present, the lichens undergo a totally different alteration, and the 
product of the fermentation, instead of being red or violet, has then a pure bIu<fcolour. 
This blue coloration is due to the combination of the new colouring matter with the 
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alkali : for acids, a 0 is 'well known, redden litmus, that is to say, they unite with the 
alkali, and liberate the colouring matter of the litmus, which in this state is red, like 
that of archil. When 2 pts. of Roccella tinctoria and 1 pt. carbonate of potassium are 
repeatedly moistened with carbonate of ammonium, or with urine which is saturated 
with that salt, the mass acquires in three days a brown or dirty red colour ; in 20 
or 25 days a purple red ; in 30 days a blue colour; and in 40 days yields litmus of the 
flnest colour (G61is, J. Pharm. xxiv. 277). Litmus is prepared in Holland from 
tecanora tartarea and Roccella tinctoria from the Canary Isles, the coloured mass 
obtained as above being thickened with chalk or gypsum. 

Our knowledge of the colouring matters of litmus is not very exact, but they are 
probably derived directly from orcin, like orcein, the colouring principle of archil. The 
principal of these colouring matters is azoli t min, and three others have been 
distinguished, namely, Span iol it min, erythrolein, and erythrolitmin. The 
following mode of preparation of these colouring matters is given by Kano (Phil. 
Trans. 1840, p. 298) : 

a. Commercial litmus in powder is exhausted with boiling water, and the pale bluo 
residue, which contains the greater part of the colouring matter, is made up into a thin 

f >aste with water, and hydrocli orie acid is added till effervescence ceases and the 
iquid exhibits a strong alkaline reaction. The mass is then thrown on a filter; and 
the residue, after being freed from excess of acid by washing with water, is well dried 
and repeatedly boiled with alcohol, as long as that liquid extracts anything from it. 
The alcoholic solution is evaporated to drynesH over the water-bath, and the residue 
digested with warm ether as long as the ether is coloured by it, The ethereal solution, 
distilled in the water-bath to remove the ether, leaves Erythrolein in the form of a 
purple semi-fluid oil. The portion of the alcoholic extract which is insoluble in ether 
consists of Erythrolit min. 

The rod-brown powder which remains after the boiling with alcohol {ttid. gup.) 
consists of impure Azolitmin. This substance is either boiled witli pure water, and 
pure azolitmin obtained by evaporating the strongly coloured solution ; — or the 
residue insoluble in alcohol is boiled with ammoniacal water, and the blue solu- 
tion evaporated to dryness, during which operation the greater part of the ammonia 
escapes; the remainder is separated by moistening the mass with hydrochloric acid, and 
washing the resulting sal-nnnnoniac with alcohol. 

f>. The strongly coloured liquid obtained by boiling litmus with water is precipitated 
with neutral acetate of lead ; the precipitate washed with water, treated while Htill 
moist with sulphydric acid, and suspended in warm ammoniueal water; the dark blue 
liquid is evaporated to dryness, and moistened with hydrochloric acid ; and the 
sal-ammoniac w separated by means of warm alcohol. The residue is but of small 
amount in proportion to the deep colour of the solution: it sometimes consists 
of pure azolitmin, more rarely of Span iolit min, a substance not containing 
nitrogen. 

Azolitmin is a red-brown amorphous powder which dissolves with blue colour in 
ammonia, and forms blue and viulet lakes. 

Spaniolitmin has only been obtained mixed with azolitmin, but it appears to bo of » 
light red colour. 

Erythrolein is a semi-fluid mass of a fine red colour, and dissolves in ammonia, 
forming a purple liquid. 

Erythrolitmin forms crystalline grains of a fine deep red colour, coloured bluo 
by potash, and forming, with ammonia, a blue compound insoluble in water. 

The following are the analytical results obtained by Kane with these substances, 
and calculated with the old atomic weight of carbon (6 12 or 12'24); * 

Erythrolein. Kryihrolimin. Azolitmin. Spaniolitmin. 

Carbon . . 74 27 5578 55 3 49 50 50 05 , 44 54 

Hydrogen . 1068 8*69 81 535 552 3*11 

Of these four substances, azolitmin is the only one which contains nitrogen. Kane 
determined the nitrogen only by the comparative method which gave proportions of 
N iCO* varying from 1 : 17 3 to 1 : 183. 

The composition of azolitmin approaches pretty nearly to the formula C 7 H T NO* 
(carbon 49 6, hydrogen 4 1, nitrogen 8-2), according to which azolitmin would contain 
1 at oxygen more than orcein, and might be derived from orcin in the manner Hhown by 
the equation. 

C’HKH + NH* 0* — C 7 H 7 NO« + H O. 

If thie be true, the action of the alkaline carbonates in the formation of litmus may 
be explained by supposing that these salts accelerate the absorption of oxygen by orcin 
subjected to the influence of air and ammonia, so as to produce a new compound more 
highly oxygenated than orcein. 
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The ammoniacal solution of azoli train forms with the salts of the heavy metals, precipi- 
tates which are red or blue, according to the quantity of metal contained in them. The 
azolitmates of barium and calcium are blue. The lead-compound , which has a fine 
riolet colour when recently prepared, but becomes blue when dried at 120°, appears 
to contain 2C 7 H a PbNO*.Pb a O. The stannous salt is a lake of a fine violet colour ; by 
exposure to the air in the moist state it is converted into a stannic compound of a 
splendid scarlet colour. 

Azolitmin suspended in water through which chlorine gas is passed yields yellow 
ch lorazoli tm i n. 

Azolitmin subjected to the action of nascent hydrogen, is dissolved, and converted 
• into a compound called by Kane, 1 cue azolitmin, which, however, cannot be obtained 
f pure, because it oxidises immediately and becomes coloured when exposed to the air. 
A white compound of leucazolitmin with stannic oxide is formed by boiling the 
stannous compound of azolitmin with water ; on exposure to the air, it is immediately 
converted into the scarlet stannic compound of azolitmin. 

LIVER, GLYCOGENIC FUNCTION OF. See Glycogen (ii. 906). 

XiXVSR OF SUXiPHtTR. An old term applied to a mixture of the higher 
sulphides of potassium, obtained by heating sulphur with carbonate of potassium in a 
covered vessel. (See Potassium, Sulphides of.) 

X.XXXVXATIOK’. The application of water to the fixod residues of bodies, for the 
purpose of extracting the saline part. 

XXXXVXUUK. A solution obtained by lixiviation. 

LOADSTONE. Magnetic iron ore (p. 397): see also Magnetism. 

LOAM. Sec Clay (i. 1023). 

XtOBEX.XDrZ2. An alkaloid existing, according to Bostick and Procter (Pharin. 
J. 'brans, x. 270, 456) in Lobelia inflate. It is oily; cannot be volatilised without, 
decomposition ; dissolves very readily in water, alcohol, and ether; and forms crystal- 
Usable salts with hydrochloric, sulphuric, nitric, and oxalic acids. The solutions are 
precipitated by tannin. It acts as a narcotic when taken internally. 

XiOBOXTE. A magnesian vesuvian from Norway. (See Vesuvian.) 

LtELINGITE. Syn. with Lkucopyritf. (p. 685). 

LCEWEITE. A sulphate of magnesium and sodium, Mg"Na 2 (S0 4 ) 2 2JHX), from 
Isclil, approaching astrachanite in composition. It is of yellowish colour, specific 
gravity 2 376, and gives by analysis 52 35 SO* 1278 MgO, 18 97 Na 2 0, 14-46 IPO, 
and 0 66 1V0 3 and Al*O a = 99*21. (Karafiat, Ilaid. Her. 1846, p. 266.) 

LOOANITE. A variety of pyrosclerite from Calumet Island on the Ottawa, 
Canada, where it, occurs associated with serpentine, phlogopitc, pyrites, and apatite, 
in crystalline limestone. It lias a weak subresinous lustre, pale or dark brownish 
colour, and greyish streak. Hardness =--- 3. Specific gravity 2 6 -2 64. Sometimes 
in crystals with rounded angles, which appear to bo pseudoinorphs ; one gave the 
angle 124°, near that of hornblende. Contains 32-49 per cent, silica, 13-18 alumina, 
35-77 magnesia, 0 96 lime, 2-14 protoxide of iron, and 16-92 water (including carbonic 
acid) 101-45. (T. S. Hunt, Phil. Mag. [4] ii. 65.) 

LOGWOOD. Tlois de Camphchr, Tllauholz . — The tree which yields this wood 
is called by Linnams, Hrcmatoxylum campeefyianum. 

Logwood is so heavy ns to sink in water, Wd, compact, of a fine grain, capable of 
bring polished, and scarcely susceptible of decay. Its predominant colour is red, tinged 
with orange, yellow, and black. 

It yields its colour both to spirituous and watery solvents. Alcohol extracts it more 
readily and copiously than water. The colour of its dye is a fine red, inclining a little 
to violet or purple, which is principally observable in its watery decoction. This, left 
to itself, becomes in time yellowish, and at length black. Acids turn it yellow ; alkalis 
deepen its colour, and give it a purple or violet hue. 

Stuffs would tajee only a slight and fading colour from decoction of logwood, if they 
were not previously prepared with alum and tartar. A little alum is also added to the 
bath. By these meaiiB they acquire a pretty good violet 
< A blue colour may be obtained from logwood, by mixing verdigris with the bath, and 
dipping the cloth till it has acquired the proper shade. 

The great consumption of logwood is for blacks, to which it givea a lustre and vel- 
vety cast, and for greys of certain shades. It is also of very extensive use for different 
compound colours, which it would be difficult to obtain of equal beauty and variety by 
means of drugs affording a more permanent dye. 
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Decoction of logwood is frequently mixed with that of brazil-wood, to render oolouw 
deeper, their proportion being varied according to the shade desired. 

Logwood is used for dyeing silk violet. For this, the silk must be secured, alu tried, 
and washed ; because, without aluming, it would take only a reddish tinge that would 
not stand wetting. To dye silk thus, it must be turned in a cold decoction of logwood 
till it has acquired the proper colour ; if the decoction were used hot, the colour would 
bo in stripes and uneven. 

Bergmann observed, that a tine violet might be produced from logwood by impreg- 
nating the silk with solution of tin. In fact we may thus obtain, particularly by 
mixing logwood and brazil-wood in various proportions, a great number of tine shades, 
more or less inclined to red, from lilac to violet. See Hematoxylin (p. 4). U. 

XiOMOarXTS. Syn. with Laumontitk (p. 472). 

LdNCHZSITfi. A variety of niamisito or white iron pyrites, found at Freiberg, 
Schneeberg, and in Cornwall. Hardness — Cio. Specific gravity = 4'9‘26 — 5. 
Colour, tin-white, sometimes greenish or greyish. Streak, black. According to Fktt- 
lier's analysis, it contains 4 9 *<> l per cent. S, 410 As. 44*2.4 Kc, 0*45 Co, 0*76 Cu, and 
0*20 Pb (= 99*24). (Breithaupt and Platt ner, Pogg. Ann. Ixxvii. 145.) 

LOP BZsROOT • The root t »t Poddatui acu/eafa. By successive treatment with 
ether, alcohol, water, and dilute hydrochloric acid, it yields about 40 per cent, of 
soluble matter, consisting of a bitter principle, a tasteless resin, gum, tannin, starch, 
and oxalate of calcium. (H. Weber, Jahresber. 1859, p. 572. See also Sehnitzer, 
ibid. 1862, p. 525.) 

LOPHINE. C 3, Ii u N a . Pyrohcncofine, (Laurent, Ann. Ch. Phys. f 4] xix. 469. 
— Fow nes, Ann. Ch. Pharm. iiv. 465 and 468. — Gossmann, ibid, xeiii. 431. — 
Gossmann and Atkinson, ibid, xevii. 284 ; Clmni. Hoc. J. ix. 220. — (hi. xii. 199. 
— Gerh. iii. 179; iv. 1010.) — An organic base produced by the dry distillation of hy- 
. drobenzainido, Itenznylazot-ide, or azosnlphidc of bonzyleno (La urent), of amarine 
(Fow nes), and by heating sulphite of benzoyl and ammonium with slaked lime 
(Gossmann). Its formation from hydrobenzamide (p. 184), or from the isomeric 
compound amarine, may be represented by the equation, 

4C* , H'*N 2 « .IC-'H'W + C-'TP" + 2 Nil". 

Hyilrobfiizaniiito. I.npliint'. Oil. 

The compound C 2, H ,B =» 3C 7 IT # (polymeric with stilbcne) is probably the oily matter 
which distils over with the lophine. (Gerhardt.) 

Preparation . — I. When hydrobenzamide is heated, ammonia escapes, together with 
a mobile fragrant oil, and there remains a fused mass which may be distilled at a high 
temperature, but is more advantageously treated by pouring it out, pulverising it whim 
fold, and digesting it in hot ether, which extracts a small quantity of a body crystal- 
lising in shilling lamina* as the solution cools. The residue is heated with alcohol to 
the boiling point, and hot caustic potash added to it till the whole is dissolved; the 
liquid on cooling deposits thread-like crystals which may be washed with alcohol. It 
is better, however, to boil the residue insoluble in ether, with alcohol containing 
hydrochloric acid, mix the solution at the boiling heat with ammonia, and leave it to 
cool (Laurent).— ‘2. From the mixture of lophine and amarine obtained by distilling 
benzoylazotide, the amarine is extracted by boiling with roek-oiJ, or the lophine by 
tailing with alcohol containing hydrochloric acid (Laurent). — 3. From the distillate 
obtained by heating azosulphide of benzyl cue, the oily product* are extracted by ether, 
the stilbcne by boiling alcohol, and the thionessal by rock-oil, and the residue, con- 
sisting of lophine, is dissolved by boiling with alcohol and potash, or with alcohol 
containing hydrochloric acid. A similar process is adopted with the product resulting 
from distilling the mixture obtained by treating bitter-almond oil for two or three 
weeks with sulphydrate of ammonium, which mixture also contains picril (Laurent). 
— 4. The needle-shaped crystals' which sublime in the neck of the retort during 
the distillation of sulphite of benzoyl and ammonium with hydrate of calcium, are 
dissolved in hot alcohol, and recrystallised after bring treated with animal charcoal. 
The formation of the lophine is facilitated by heat ing file retort very quickly and 
covering the upper part, at the commencement of the distillation, with red-hot coala 
(Gossman n). The bcHt mode of conducting the process is to add a quantity of quick- 
lime, equal in weight to the hydrate, introduce the mixture into a rather shallow glo- 
bular retort coated with day, and cover the retort, as far as it infilled with the mixture, 
with live coals, from the very beginning of the operation. Only small quantities should 
be operated on at once, from 10 to 15 grms. of the benzoyl-compound, with about 4 to 
6 times the quantity of the lime mixture. When the operation is thus conducted, only 
h small quantity of amarine forms at first ; and when this has melted down, the upper 
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part of the retort begins to be covered with radiant masses of lophine, and the forma* 
tion of secondary products ceases, nothing being formed but lophine and free ammonia. 
At the commencement, a small quantity of an aromatic oil accompanies the lophine 
apparently resulting from the decomposition of the amarine into lophine and other 
products, the principal of which is amarone (Gossmann and Atkinson). Purifi. 
cation as in Laurent’s method ( 1 ). 

Properties . — Lophine forms colourless needles, often an inch long, grouped in tufts 
and having a lustre similar to that of caffeine ; they become opalescent after a while, 
but retain their lustre. At 250° the compound sublimes, gradually but completely,’ 
without previous fusion, and without decomposition. It melts at 265°, forming a 
transparent liquid, which at 260° solidifies in a radiating crystalline mass. It is taste- 
less and inodorous, with scarcely any alkaline reaction. The alcoholic solution exhibits 
fluorescence like quinine, but not in so high a degree. It has no action upon polarised 
light (Gossmann and Atkinson). G. Kuhn (Chem. Centr. 1861, p. 237) ob- 
tained, by the dry distillation of hydrochlorate of hydrobenzamide (p. 184), two 
modifications of lophine, ono crystallising in needles which melted at 230°, thaother 
(likewise obtained by Ekman, Ann. Ch. Pharm. cxii. 151) in needles which melted 
at 170°. 


The composition of lophine lias been variously represented by the formula; C^IP’N 1 
and C 23 H ,# N* (Laurent), C 2 'H lrt N* (Townes), C*'H' 7 N 2 (Gossman n and Atkin- 
son), C"H ,8 N 2 (Liszt). Townes's formula, C 2, H la N 2 agrees best, on the whole, with 
the analyses, and likewise affords the best representation of the formation of the com- 
pound from hydrobenzamide (or from amarine): 


Calculation. 

C 2l 

252 85 1 

H 16 

16 5 4 

N 2 

28 9 5 

C 2I H ,8 N 2 

296 100-0 


Laurent. 

Townes. 

856 860 

85-2 

5-4 51 

5 4 

92 ■ • 

91 

100 2 

997 


Gossmann 

and 

Gossmunn. Atklnuon. 

85 7 84-7 

5*5 5-6 

• • Jb5 

99-8 


Laurent’s second analysis, which differs considerably from all the rest, was probably 
made with impure material. 

Lophine is insoluble in water, very sparingly soluble in boiling alcohol and ether, 
crystallising in needles on cooling. It dissolves to about the same amount in rock-oil, 
and in oil of turpentine , whence it separates in a crystalline powder on cooling. It 
dissolves easily and without decomposition in boiling alcoholic potash. (Laure nt.) 

According to Ekman (Ann. Ch. Pharm. cxii. 15U, 100 pts. of absolute alcohol at 
19° dissolve 0*81 pt. of lophine, and at 21° from 0 84 to 0*91 pt. ; at the boiling 
point, 2’70t,o2 75 pts.; and 100 pts. ether dissolve 0'26 pt. lophine at 19°, 0*32 to 
0'33 at 20°, and 0 - 32 at 21°. Of an indifferent substance, having nearly the compo- 
sition of lophine, and formed, together with the latter, by the decomposition of hydro- 
chlorate of hydrobenzamide at 160°-200° (p. 183), 100 pts. absolute alcohol dissolve 
0 07 pt. at 16°, and 0*33 to 0’37 pt. at the boiling ]>oint ; and 100 pts. ether at the 
boiling point dissolve 0*69 to 074 pt. of the same substance. 

Decompositions. — Lophine boiled with nitric and forms nitrolophino (Laurent). 
It is dissolved by bromine , without evolution of vapours of hydrobromie acid. When 
the mass is dissolved in ether, and the solution mixed with alcohol and abandon^ to 
spontaneous evaporation, beautiful yellow prisms with rectangular base separate out ; 
these crystals give off bromine when heated, and, when water is poured upon them* 
turn white and fall to powder (Laurent), lophine in contact with iodide of ethyl 
does not form any substitution-compound not even when the two bodies are’ heated 
together to 100° in a sealed tube for several weeks. A portion of the iodide of ethyl 
is decomposed into alcohol and hydriodic acid, which combines with the lophine. 
(Gossmann and Atkinson.) 


The Iophine-salts are for the most part insoluble in water, and sparingly soluble 
in alcohol.— Thoy are rather unstable, having a tendency when reciystallised to giro 
up part of their acid and form basic compounds ; tins is particularly the case with the 
sulphate. (Gossmann and Atkin son.) 

Hydriodatt of Lophine, C* , H ,< N*HI I is prepared like the hydrochlorate, and crystal- 
lises readily in large needles, which are more soluble in alcohol and ether than the 
hydrochlorate. From a very acid solution, it separates in granular crystals. It dis- 
solves very easily in iodide of ethyl. In oilier respects it resembles the hydrochlorate. 
(Gossmann and Atkinson.) 

Hydrochlorate of Ixiphine , C* , H , *N'*.HCI, separates quickly on cooling from a solu- 
tion of lophine in boiling alcohol containing hydrochloric acid. If a solution in a 
sufficient quantity of tailing alcohol be mixed with such a quantity of hot water that 
no immediate precipitate is formed, the liquid on cooling yields well defined crystalline 
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laminae (Laurent). The second modification of lophinc, obtained by Kuhn 
(p. 184), forms a hydrochlorate, also containing C* , H'"N* HC1, which crystallises in 
interlaced noodles, melting at 1G<>°. When hydrochloric acid is added to a hot satu- 
rated alcoholic solution of lophine till the mixture exhibits a decided acid reaction 
the hydroclilorate separates on cooling in large transparent needles very much like the 
crystals of pure lophiuo. If left for some time in the mother-liquor, they change 
into small white opaque prisms, an alteration which is probably due to loss of water. 
Several other lophine-compounds exhibit a similar change, When lophine is treated 
with strong hydrochloric acid, it becomes resinous, and can only be restored to the 
crystalline state by removing the acid and crystallising from alcohol (Gossmann 
and Atkinson). The hydroclilorate is nearly insoluble in water, but dissolves 
pretty easily in alcohol (Laurent). It has a slight acid reaction, dissolves moro 
readily in water and alcohol than the pure base, and exhibits stronger fluorescence, 
((fotismnnn and Atkinson.) 

Ilydrochlorate of lophine unites with tetrachloride of platinum when the solnt ions of 
the two salts in boiling alcohol are mixed together, the double salt separating, ns t ho 
liquid cools, in orange-coloured crystals, the formula of which is probably 
2(C 2, n , -N‘MICl).PtCl 4 . The ehloroplntinnte of Kiihn's second modification ot lophine 
contains water of crystallisation, the amount of which was found to be different in 
different pr«*parations. 

Nitrate of Lophine, C^II'^NMINO 3 , forms fine light lamina?, devoid of lustre. When 
heated till they soften, they give off 1 at. water (Laurent). From ft concentrated 
alcoholic solution of lophine acidulated with nitric acid, the salt crystallises in small 
plates, which, if covered with strong nitric acid free from nitrous acid, are converted 
into an oily mass. (Gossmann and Atkinson.) 

Sulphate of Lophine is obtained in small shining rectangular lumimc, by heating 
lophine with alcoholic sulphuric acid, and mixing the solution with hot water, whore, 
upon crystallisation ensues. The alcoholic solution reddens litmus and is precipitated 
by water, a portion however remaining in solution, so that, on adding ammonia, a pre- 
cipitate of lophine is still obtained. Laurent found in the dry salt 115 and 13 2 per 
cent, of sulphuric acid ; tin* neutral salt requires 11*21 per cent, of sulphuric acid 
(Laurent). When a solution of lophine to which excess of sulphuric acid has been 
added is left to evaporate slowly, the sulphate separates in broad transparent tables, 
which become opaque and effloresce on exposure to the air. When crystallised more 
rapidly, the compound separates in large needles, which, if left for some time in tho 
mother-liquor, change into small white opaque needles. At each crystallisation, the 
salt becomes more basic, and by frequent solution and recry stallisat ion, the acid muy 
be almost entirely removed. (Gossmann and Atkinson.) 

Lophine also forms crystalline compounds with nitrate of silver aud dichloride of 
platinum . 

LOTALXTE. Syn. with Hohnwi.endk. 

LOXOCLASE. A name applied by Brdthaupt to a variety of felspar closely 
resembling orthoclase, if not identical with it. 

XUMlXCAXffTS. Oleaginous or fatty Indies used for reducing tho friction 
between parts of a machine or carriage. (See Urd s Dictionary of Arte, Jtfc, ii. 73G ; 
tho chapter on Railway and Waggon Grease in Richardson and Watts s Chemical Tech- 
n ol*>gy f vol. i. pt. 3, p. 742 ; and the article Paraffin Oils in this Dictionary.) 

IttCIFEK KATCBE8. See lire's Dictionary of Arts, tfc. ii. 737 ; Richardson 
and Watts's Chemical Technology, vol. i. pt. 4, p. 131 ; aud the article Puospiiouuh in 
this Dictionary. 

XUCUXX.XTS:. See Limestone, (p. 098). 

LtTMACCfiLLA. See LiMBSTONB, (p. G97). 1 

LVVA COXUTEA Chloride of silver (see Silver). 

&WAB CAUSTIC. Nitrate of silver fused at a low boat (see Nitrates). 
LUPUrnr. A bitter non-nitrogeuoua substance obtained from Iupiiu?-»e<xlw. 
(Cassolu, Ann. Ch. Pharm. xiii. 308.) 

IVPVUV, The yellow, granular, aromat ic powder situated at t he base of the cones 
of the hop, and forming from 8 to 18 per cent, of the cones. It contains five different 
Bulwtances ; vix. a volatile oil, a resin, a nitrogenous substance, a bitter principle, and a 
gummy substance. The cones contain aboHt 2 per cent, of the volatile oil. This oil 
and the resin probably give to beer its agreeable aromatic odour, while the bitter 
substance tends to preserve it. (Sw Hof, p. 1G5.) 

IV9U8 MITAUOBVaL The alchemical name of trisulphidc of antimony. 
XUTSL The lutes with which the joinings of vessels ure dosed are of different kinds 
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according to the nature of the operations to be performed, and of the substances to be 
distilled in these vessels. 

When vapours of watery liquors, and such as are not corrosive, are to be retained, 
it is sufficient to surround the joining of the receiver to the nose of the alembic, or of 
the retort, with slips of paper or of linen covered with flour-paste. In such cases also, 
slips of wet bladder may be conveniently used. 

When more penetrating and dissolving vapours are to be retained, a lute is to be 
employed of quicklime slacked in the air, and beaten into a liquid paste with whites of 
eggs. This paste is to be spread upon linen slips, which are to be applied exactly to 
the joining of the vessels. This lute is very convenient, dries easily, becomes solid, 
and sufficiently firm. Vessels may be formed of it hard enough to bear polishing on 
the wheel. 

Lastly, when acid and corrosivo vapours are to be retained, we must have 
recourse to the lute called fat lute. This lute is made by forming into a pa#te 
some dried clay finely powdered, sifted through a silken sieve, and moistened with 
water, then beating this paste well in a mortar with boiled linseed oil, that is, oil 
which has been rendered drying by litharge dissolved in it, and fit for the use of 
painters. This lute easily takes and retains the form given to it. It is generally 
rolled into cylinders of a convenient size. These are to be applied, by flattening them, 
to the joinings of the vessels, which ought to bo perfectly dry, because the least mois- 
ture would prevent tho lute from adhering. When the joinings are well closed with 
this flit lute, the whole is to be covered with slips of linen spread with lute of lime and 
whites of eggs. These slips are to be fastened with packthread. The second lute is 
necessary to keep on the fat lute, because this latter remains soft, and does not become 
solid enough to stick on alone. 

Gutta percha may bo united to glass, in tube apparatus, by fusing the gutta poreha 
at the point of junction by moans of a hot iron knife-blade. 

Fino porcelain clay, mixed with a solution of borax, is well adapted to iron vessels, 
the part received into an aperture being smeared with it. U. 

IiUTEOLZN. The yellow colouring matter of weld {Reseda luteola). It was first 
isolated by Chevreul (J. Cliim. nnhl. vi. 157), and has been more fully examined 
and analysed by Moldenhauor (Ann. Ch. Pharm. c. 180) and by 8ch ii t ze n berger 
and Paraf (ibid. Suppl. i. 139). Moldenhauer prepares it by exhausting weld with 
alcohol, distilling off the alcohol from the extract; then washing with water and drying 
the residue; exhausting it with ether; dissolving the residue left on evaporating the 
ethereal solution in alcohol; adding a larger quantity of water; heating to the 
boiling point; filtering hot; and leaving tho filtrate to cool. The product maybe 
purified by ^crystallisation from boiling very dilute spirit containing 1 or 2 per cent, 
alcohol. Scbutzenberger and Paraf exhaust the plant with alcohol, precipitate tho 
extract with water, and heat the precipitate with water to 25 0° in a steel apparatus; 
tho luteolin then crystallises on the sides of tho vessel on cooling, and may be purified 
by two crystallisations from superheated water. 

Luteolin crystallises from solution in boiling dilute alcohol, also from a hot saturated 
solution in dilute sulphuric or acetic acid, in yellow four-sided needles arranged in 
radiate groups ; it may also be obtained in needles by careful sublimation. It melts 
at 320° with partial decomposition, to a black-brown mass. It is inodorous, has a 
slightly bitter, astringent taste ; dissolves in 14,000 pts. of cold and 5,000 pt«. of boiling 
water, in 37 pts. alcohol [at what temperature?] and in 625 pts. of ether . It reddens 
litmus paper slightly, and unites with mctalliaj>xides. It dissolves with deep yellow 
colour in caustic alkalis and alkaline ca rbon a remaining in the pure state when its 
ammoniucal solution is evaporated (Moldenhauer). By prolonged heating with 
ammonia , it is completely dissolved, forming a deep yellow solution, and leaving 
on evaporation a dark coloured residue which gives off ammonia when heated with 
potash (Schiitzenberger and Paraf). In cold dilute acids it is but sparingly 
soluble; more easily in cold concentrated sulphuric acid, forming a yellow solution 
from which it is separated by water without alteration. It dissolves sparingly in cold 
concentrated hydrochloric acid , more easily in warm concentrated nitric acid , but is 
nearly insoluble in that acid when cold. Dilute nitric acid acts upon it only when 
heated ; strong nitric acid dissolves it with deep red colour, the solution being 
decolorised by prolonged boiling, with formation of oxalic acid (Moldenhauer). 
Heated to 200° with phosphoric anhydride , it yields a red substance which dissolves 
with violet colour in ammonia (.Scbutzenberger and Paraf). Distilled with 
chromate of potassium and sulphuric acid , it yields formic acid. It does not precipitate 
a solution of gelatin, but forms a green precipitate with a very dilute solution of ferric 
chloride , and colours a concentrated solution brown-r<xi (Moldenhauer). According 
to Chevreul, the aqueous extract of weld forms beautiful yellow precipitates with alum. 
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etannotts chloride, and acetate of lead , a blackish-grey precipitate with ferrous sulphate. 
and brown with sulphate of copper. • 

According to Moldenhauer, luteolin contains 62 *6 to 63*0 per cent, carbon and 3*70 
to 4*1 hydrogen, whence he deduces the formula C^ID'O 8 , requiring 62-8 C, 3*7 H, and 
33*5 O. According to Schutzenberger and Paraf, the air-dried substance heated to 
150° gives off 10 ‘23 per cent, water, .and that which has been dried over sulphuric 
acid gives off 7*02 per cent. at. the same temperature. Luteolin dried at 160° gave by 
analysis 61*6 to 62*5 per cent, carbon, and 3*5 to 3*8 hydrogen, whence Schiitzenberger 
andParuf deduce the formula C'vIPO*, which requires 62*1 C, 3*4 H, and 34*5 O. To 
the substance dried over sulphuric acid, they assign the formula C ,a H 10 O*‘, and to the 
air-dried substance, 2C , H 0 O“.H v O. A lead-salt precipitated from the alcoholic 
eolation of luteolin by alcoholic acetate of lead, gave by analysis 30*07 per cent. C, 
1*98 II, and 49*33 Pb v O, agreeing nearly with the formula C ,v H M C)\l > LrO, which 
requires 31*65 C, 1*76 H, 17*58 O, and 49 0 Pl^O. 

LXrriDZNli. C 7 H®N. An organic base isomeric with benzylamine or toluidine 
(i. 575), discovered by Anderson (Ann. Oh. Pharm. Ixxx. v.) in bone-oil. This oil 
contains a number of oily bases soluble in hydrochloric acid ; and on decomposing the 
resulting solution with potash and rectifying, lutidine passes over at about 145°. Tho 
same base is found in coal-tar naphtha and in shale naphtha, the liquid obtained 
by distilling the bituminous shale of .Dorsetshire (Or. Willi a ms, Oliem, Soc. J. vii. 97) ; 
also among the volatile bases obtained by tho distillation of peat. (Vo h 1, .Tahresli, 
1859, p. 742. Church and Owen, Phil. Mag. |4] xx. 110; Jahresber. 1860, p, 359.) 

A base isomeric, but not identical with tlmt from bone-oil, occurs among the products 
of the dry distillation of cinchonine, and passes over in rectilicatiou between 100° and 
166°. ( 1 reville Williams, who discovered this base (i. 869), and lias recently instituted 

a searching comparison between ihs properties and that of Anderson’s base (Proc. 
Hoy. Soe. xiii. 305), distinguishes it as /9-lutidino. The properties of the two bases 
and of many of their salts arc essentially different, as will be seen by the following com- 
parative statements. 

Physical properties of the Bases. — Doth bases when puro are odourless refractive 
oils, lutidine having a density of 0*9467 at 0°, and /8-lutidine of 0*9555 at the same 
temperature. Lutidine boils at 154°; /8-Iutidiuo bet wen 163° and 168°. Vapour- 
density of lutidine, by experiment (at 200°) — 3*839 (Anderson); of ^-lutidine 
(at 213°) = 3*787 (Williams); by calculation » 3*699. It may be inferred from 
this that the boiling point of /3-lutidine has not been estimated above the truth, be- 
cause if the fraction had been taken loo high, tho vapour-density would have erred 
in excess. 

Lutidine has a most characteristic smell, resembling that of its lower homologues, but 
less pungent, and more approaching the aromatic; this odour is never altered in tho least 
by any method of purification, and after boiling with nitric, chromic, or any other acid, 
it is still given off on neutralisation with an alkali. All the salts, however purified, 
emit the same smell on the addition of an alkali, 0-tutidine has also a most character- 
istic smell, quite unlike that of lutidine, and somewhat resembling that of nicotine, hut, 
with out the peculiar pungency of that base, and far more pleasant. No treatment 
with acids, or oxidising agents, and no amount of purification of its salts, makes the 
least alteration in the smell, or causes it to approach, however distantly, to that of 
lutidine. 

Lutidine dissolves readily when shaken with three or four times its bulk of water, 
and oil warming the liquid, it becomes milky, the base separating from it. 0-lvttdine, 
on the contrary, requires not less than 25 parts of water to dissolve it, and the solution 
does not become turbid when warmed ; on the cont rary, a mixt ure of water and lutidine, 
cloudy from excess of base, becomes clear on warming. Hence it appears that lutidine 
is less, j9-lutidine more soluble in hot than in cold water. ' 

Both lutidine and /3-lutidine unite with acids and with salts, forming crystalline 
compounds, most of which are very soluble. 

Compound of 0- lutidine with Cupric Sulphate. (C T H 9 N) 2 CuS0 4 . 4 IPO. — When 0- 
lutidine is gradually added to a solution of cupric sulphate, a copious pale green pre- 
cipitate is formed, which dissolves in excess, forming a rich blue liquid, which after 
filtration, soon becomes filled with brilliant blue prisms of considerable size, and 
having in the air-dried state the composition above given, 'lhey give of! 2 at. water at 
1 00°, and become anhydrous at 200°. (Williams.) 

Gold-salts, C 7 H B N.Hei.AuCr.--]Joth bases give salts having this composition; but 
a mixture of hydrochlorate of 0 -lutidine with trichloride of gold Is-came nearly solid, 
whereas with the lutidine-salt the precipitate occupied only half the bulk of the liquid, 
and did not require more than a fourth of the quantity of water to dissolve it that was 
necessary in the case of ^-lutidine. (Williams.) 
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m Mercuric salt of Lutidine , C 7 H 9 N.HgCl 2 . This salt separates from a mixture of the 
alcoholic solutions of lutidine and mercuric chloride, as a white bulky precipitate ; 
from dilute solutions it is gradually deposited in r;idiuting crystals. It dissolves iu 
boiling water, with partial decomposition ; more freely, and without alteration, in 
boiling alcohol. (Anderson.) 

Palladium-salts . — The chloropalladite of 3-lutidine, 2(C 7 H*N.HCl).PdCl 2 , is ob- 
tained, as a nearly solid mass of garnet-red prisms, on leaving a mixture of the base, 
hydrochloric acid, and chloride of palladium, to itself for four days. When heated for 
a long time to 100°, it is decomposed, 1 at. hydrochloric acid being given off from 2 at. 
of the salt, and leaving the compound : 


C 2(f H :iH N 4 CPPd- = 2(C 7 H 9 N.HCl).PdCl 2 .2C 7 H®N.PdCl 2 . 

The chloride of palladio- fl-lut idyl-ammonium, N 2 j ^ j Cl 2 , the base existing i 


tho last-mentioned substance, is easily obtained by acting on chloride of palladium in 
solution with 3-lutidine. This base is not easily soluble, and precipitates at once. 
(Williams.) 

On mixing solutions of hydrochlorate of lutidine and chloride of palladium, exactly 
similar in concentration to those above employed, no crystals were obtained by the 
time that tho contents of the vessel containing the 3-lutidine had nearly solidified : 
and oven after a month’s repose, the quantity obtained was much smaller than with 
3-lutidine. 

Platini c salts. — The chloroplatinates of both bases have the composition 
2(C 7 H"N.HCl).PtCl 4 , and crystallise in rectangular tablets; but tho 3-lutidino-salt 
exhibits tho same superior facility of crystallising that is observed in the corresponding 
gold- and palladium-salts. The presence of hydrochloric acid in oxcess greatly retards 
the formation of the lutidine-salt (Anderson) ; but Williams finds that this is not tho 
case with the 3-lutidiue*salt, a mixture of the hydrochlorate of 3-lutidine with phitiuic 
chloride and a large excess of hydrochloric acid instantly becoming nearly solid. 

Decomposition of the Platinir salts by hoi liny . — Chloroplntinate of 3-lutidine begins 
to decompose tho instant tho solution outers into ebullition, an insoluble yellow powder 
beginning to deposit, and rapidly increasing in quantity. After boiling with water, 

UC 7 H 7 Y S ) 

this salt has the composition of tetrahydrochlorate of pi dtino-lutidin* ,3N 2 p lr ' £.4 MCI. 


The solution of chloroplatinate of lutidine, on tho other hand, required 2j hours’ 
active boiling before any deposit began to form ; find even after several hours’ boiling, 
tho dopoait was very small. 

Platinous salts . — When equal weights (1 grm. each) of platinous chloride and 
3 lutidine were mixed in an apparatus surrounded with a non conducting medium, the 
temporaturo rose from 16° to 84°, and a hard brittle product was obtained, agreeing 
almost exactly in composition with the formula 2C 7 H 9 N.PtCl 2 . When lutidine was 
troatod with platinous chloride under exactly the same conditions, the temperature 
rose two degrees higher ; but the product, instead of becoming a hard brittle mass, 
remained of the consistence of treacle. 


Substitution-derivatives of Lutidine, 

Ethyl-3 lotid we. — A mixture of 1 vol. 3-lutidine and 2 vol. iodide of ethyl heated in 
u sealed tube to 94° for throo minutes, solidified on cooling to a mass of crystals of iodide 
of ethyl- fi-lutidine, C 7 II H (C 2 H S )N.UI . — The platinum -salt prepared therefrom in the 
usual way, crystallises in superb orange -col Cured fronds, containing 2(C*H ,, N.HC1). 
PtCl 4 . This salt when boiled with water turns black, and deposits platinum. After 
two days’ boiling, it yielded 27'5 percent, of tho metal, the original salt containing 28*99 
percent. (Gr. Wi 11 i am s.) 

Ethyl-lutjdink, — A mixture of lutidine and iodide of ethyl in the above proportions, 
heated to the same temperature for the same time, showed no signs of crystallisation 
on cooling. It required an hour’s digestion to effect combination ; and in twenty-four 
hours, only half the product had crystallised, the rest remaining in the form of a syrup. 
(Gr. Williams, Proc. Roy. Soc. xii. 311.) 

Mbtuyl-3-lutipine, C"H m N « C’H^CH^N. — 3-lutidine mixed with iodide of 
methyl, becomes boated, und forms hydriodate of methyl- & -lutidine, a salt very soluble 
in water and alcohol, but nearly insoluble in ether. Its alcoholic solution evaporated 
to a syrup, remains liquid if left at rest ; but on touching it, beautiful long needles 
shoot through the liquid, which soon becomes completely solid. The chloroplatinate , 
2(C* , H M N.HCl).PtCl 4 , forms crystals containing 30 29 per cent, platinum. (Gr. Wil- 
liams, Ed. Phil. Trans, xxi. [2] 317 ) 

LTCXVB. (Husemann and Marm£, Ann. Ch. Pharm. Suppl. ii. 383.) — Abase 
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contained in the box-thorn (Lycium barbartttn), The leaves are repeatedly boiled 
with water (the stems yield but a small product) ; the extracts are precipitated with 
basks acetate of lead ; and the filtrate, freed from load by sulpnydric acid, and 
neutralised with carbonate of sodium, is evaporated to a third of ita original volume. 
The liquid, very strongly acidulated with sulphuric acid, is then precipitated with a 
solution of phosphomolybdate of sodium, or a mixturo of 30 at. tungstate and 1 at 
phosphomolybdate. The light yellow precipitate, after washing with water acidulated 
with sulphuric acid, ismixed, while still moist, with carbonate of barium, dried over the 
water-bath, and exhausted with boiling alcohol. The extracts leave, after evapora- 
tion of the alcohol, a syrupy residue, from which the base may be dissolved out by 
dilute hydrochloric acid, while a resinous body remains undissolved. The hydro- 
chlorate, which has a strong acid reaction, is easily soluble in water, sparingly in 
absolute alcohol, noarly insoluble in ether, and crystallises from alcohol in dazzling 
white rhombic prisms, sometimes half an inch long, and from water in fern-like groups 
of crystals. The free base, obtained by treating the hydrochlorate with earl>onato 
of barium and alcohol, is a white, radio-crystalline, deliquescent mass, which haH a 
sharp but not bitter taste, dissolves easily in wator ana alcohol, very sparingly in 
ether, and melts with decomposition when heated. Most of its salts are crystallisable, 
and easily soluble in water ; some of them are also deliquescent. 

&TOOPOBXT7M. The fine dust of lycopodium, or clnbmoss, consists of the 
spores of the plant ; when diffused or strewed in the air, it takes fire from a candle, 
and burns off like a flash of lightning. It is used in theatres. 

From 1000 parts of these spores, Bucholz extracted 60 parts of a fixed oil soluble 
in alcohol, 30 of sugar, 15 of mucilage, 895 of a substance insoluble in water, alcohol, 
ether, essence of turpentine, and cold alkaline leys. 

The leaves contain 5-0 per cent, chlorophyll, 25 0 extractive matter and acetate of 
aluminium, 6 0 organic salts of calcium, magnesium, manganese, iron, load (?), and 
copper (?), and 64*0 cellulose. 

The infusion of lycopodium is used as a mordant, on account of the large quantity 
of acetate of aluminium which it contains. (Polouze et Fr6my, Traitk , vi. 469.) 

XtTDXAST STOIVB, Touchstone % or Basanite , a velvet-black siliceous stone or 
flinty jasper, used, on account of its hardness and black colour, for trying tho purity of 
tho precious metals. See Gold (ii. 929). 

XTBK9B. This liquid, which fills the lymphatic vessels, is colourless or yellowish 
when pure, red only if blood-corpuscles happen to be mixed with it. It is sometimes 
transparent, sometimes slightly turbid or opalescent, of a faintly saline taste and mawk- 
ish animal odour; its reaction is usually alkaline. It coagulates in from four to 
twenty minutes after its discharge from tho lymphatics, then forming a gelatinous, 
trembling, colourless eoagulum, which gradually contracts more firmly, and encloses a 
large number of the so-called lymph -corpuscles : this eoagulum usually occupies but a 
very small space in proportion to the serum. 

The especial morphological element* of lymph, in addition to fat-globules and nuclcua- 
1 ike formations, are the true lymph-corpuscles, which, however, do not differ essentially 
from mucus- and pus-corpuscles. In lymph that has been carefully collected, blood* 
corpuscles are not found, excepting when tho liquid has been obtained from tho 
lymphatics of the spleen, or from animals that have been starved to death. (II. Nasse, 
Ilandwort. d. Physiol . ii. 363-410.) 

The chemical constituents of lymph are in general similar to those of blood, without 
the red corpuscles. The spontaneously coagulating substance of the lymph isperf**ctjy 
identical with the fibrin of blood. In human lymph (obtained in cases of disease or 
injury), March and and Colberg found 0 52 per cent, and L'H^ritior 0*32 percent, fibrin ; 
while in the lymph of the horse, from 0 04 to 0*33 per cent, has been found by different 
observers. J. Muller found that frogs which had been starved to death during winter 
yielded a lymph perfectly free from fibrin ; whereas Nasse found that the lymph of frogs 
which had been kept in a heated room still coagulated. 

The albumin of the lymph has tho same general properties as blood-albumin. 
Geiger and Schloesberger found, however, that albumin from the lymph of a horse, 
though it exhibited no reaction with vegetable colours, did not coagulate on boiling, 
but that, on evaporation, a membrane was formed on the surface of the liquid as 
if a strongly alkaline albuminate of sodium had been present This lymph-serum was 
not rendered turbid by acetic acid, unless boiled after acidification : neither was it 
coagulated by rennet, whence the absence of casein may tie inferred ; nor by ether. 
In human lymph, the albumin has been found to vary from 0*434 to 6*002 per cent., 
and in that of the horse from 1*2 to 2*76 per cent. In the ash of lymph-albumin, even 
after repeated extraction with water and spirit, Nasse found an extraordinarily large 
quantity of alkaline carbonates. 
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Fat occurs fn lymph only in small quantities, and for the most part in a «>„ •„ 
form ; in the lymph of the horse, Nasse found 0-0088 per cent, of free fat, amlTS 
percent, of alkaline salts of fatty acids swhdein human lymph, Marchand and c* 
berg found 0 264 per cent of a pale reddish tat. 

The lymph also contains lactates. ^ ^ 

In horses' lymph , Nasse found 0 '0 Iff) 5 per cent, of extractive matters soluble 
in alcohol, and 0-9877 per cent, soluble in water only; while, according to Geiger 
and Schlossberger \ the whole of the extractive matters amount to 027 per cent. 
Nasse was unable to detect urea in the lymph of the horse. 

Mineral constituents. — In lymph, as in all the animal fluids, chloride ofsodiumis 
the preponderating mineral constituent: in horses’ lymph, it amounts, according toNaj-se, 
to 0-4123 per cent. Alkaline carbonates were found by Nasse in horses’ lymph, 
the quantity being estimated at 0 056 per cent. ; but Geiger failed in detecting them : in 
tfffe ash of the solid constituents of the lymph, however, the latter found an abundifhcc 
of alkaline carbonates. The presence of ammoniacal salts, which was suspected 
by Nasse, lias been definitely established in horses’ lymph by Geiger and Schlossberger. 
Nasse found that horses* lymph is comparatively rich in sulphuric acid, which exists 
in it pre-formed ; ho estimates the quantity of sulphate of potassium at 0-0233 per 
cent. Alkaline phosphates occur only in very small quantities. The earthy 
salts, with a small quantity of ferric oxide (arising probably from the presence of a 
few blood-corpuscles), were found by Nasse to amount to only 0’031 per cent, in horses’ 
lymph. 

The quantity of water in lymph appears to be very variable, but never so great as 
in the blood-plasma. In human lymph, Marchand found 96 926 per cent, and I/Heri tier 
found 92-436 per cent, water ; in the lymph of horses, the quantity has been fdund to 
vary fi-oin 92*6 to 98-37 per cent. 

Nasse has instituted an interesting comparison (based on direct analyses) between 
the composition of the lymph and of the blood-serum of the horse, from which it appea rs 
that the individual salts stand to one another in-precisely the same ratio in the two 
liquids, although their absolute quantity is very different, on account of the compara- 
tively larger proportion of water in the lymph. 

There are also considerable differences in the proportions in which the mineral con- 
stituents stand to the organic matters in the two liquids: while 100 pts. of salts 
corresj>ond to 1036 pts. of organic matters in the blood-serum, the ratio in the lymph 
is as 100 to only 786. According to Marchand and Colberg, human lymph contains 
organic and inorganic matters in nearly equal parts. (Lehmann' s Physiological Chemistry, 
translated by Day, ii. 299.) 

&YKrC17RXOnr» A Greek namo for Amber. 


M. - 

MACS is the arillus or envelope of the fruit of the nutmeg (Myristica. mo. sc ha la). 
It forms a somewhat thick, tough, unctuous, reticulated membrane, of a yellowish- 
brown or orange colour ; has a somewhat more agreeable odour than nutmeg, with a 
warm and pungent taste, and is used as a condiment in cooking. 

Mace contains two oils, one of which is uncttious, bland, and of the consistence of 
butter; the other, which is obtained by distillation with water, is thinner mid volatile. 
By cohobating four times, 4*7 per cent. oif>may bo obtained (Hoffmann, Report. 
Fharm. xliii. 296); from old mace, 4*1 per cent. (Bley, ibid, xlviii. 91). It is trans- 
parent and colourless; of specific gravity 0 931 ; smells strongly of maco, and has a 
burning aromatic taste. It forms a permanent liniment with aqueous ammonia. 

MACL8 is the name given to certain spots in minerals of a deeper hue than the 
rest ; sometimes proceeding from difference of aggregation, sometimes from the proseuce 
of a foreign substance : clay-slate, for example, may be maeled with iron pyrites. 

M4LCUS8. Twin-crystals (ii. 159). 

MACLVRnr. Syn. with Morintannic Aero (p. 1049). 

MASDBlt. Garancr. Krapp. — The root of Rulna tinctorum, extensively used 
in dyeing for the production of a variety of colours, namely, red, pink, purple, black, 
and chocolate. Other species of Ruhia yield similar colouring matters, and are also used 
as dyeing materials; viz. R. Mungista, or Mvnjeet , which grows in the mountainous 
regions of Hindoostan, and is used in that country for producing the red and chocolate 
figures seen in the chintz calicoes of the .East Indies ; and R. peregrina , which is culti- 
vated in the Levant, where it is called Alizari , and imported into this country under 
the name of Turkey-roots ; but RvJbia tinctorum , or dyers' madder , is Lho only specie* 
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cuWfatcd in Europe: it thrives best in a warn climate, and is grown extensively 
near Avignon in France, also in Alsace and in Naples ; in tlio north of Europe it 
requires a sheltered situation. r 

All kinds of madder have a peculiar smell, and a taste between bitter and sweet. 
Their colour varies extremely, being sometimes yellow, sometimes orange-red, reddish- 
brown, or brown. They are more or less hygroscopic ; so that even when closely packed 
in casks in the state of powder, they slowly attract moisture, increase in weight, and nt 
length lose their pulverulent condition, forming a firm coherent mass. Some kinds 
of madder, especially those of Alsace arid Holland, when mixed with water and left to 
stand for a short time, give a thick eoagulum or jelly — an effect which does not take 
place in the same degree with Avignon madder. Themudder of Avignon contains so much 
carbonate of calcium as to effervesce with acids. The herbaceous parts of the plant, 
when given as fodder to cattle, are found to communicate a red colour to their bones. 

The principal advantages which madder presents, as a dye-stuff, are the following 
1. It is capable of producing, according to the mordants and the method of treatment, 
a groat variety of different colours and shades ; such as black ; red of different kinds, 
from adull brownish red to u bright red and delicate pink, besides the peculiar colour 
known as Turkey-red: also purple of various shades, from a dull reddish-purple to a 
delicate bluish-purple or lilac, as well as chocolate of all shades.— 2. Its colouring 
matters have but little affinity for cotton fibre, and a great affinity for mordants ; So 
that it is not difficult to secure a good white on the parts of the tissue to which no 
mordant has been applied. — 3. The compounds which its colouring matter or matters 
yield with mordants, possess an unusually stable character ; so that they may bo ex- 
posed, without much detriment to the colour, to the action of various agents for tile 
purpose of improving or modifying the shade. 

Chemical Constitution of Madder. There is probably no subject connected 
with the art of dyeing which has given rise to so much discussion as the composition 
of madder, and the chemical nature of the colouring matters to which it owes itH valu- 
able properties. The subject has engagod the attent ion of a great number of chemists, 
among whom may be especially mentioned, Kobiquet and Colin, Kuhlnmnn, Gaulthier 
* de ClauLry and Persbz, Runge, Sehunck, Sehiel, Higgin, Debus, St rocker, Roehleder, 
Sacc, and Emile Kopp. Nevertheless, our knowledge of madder, as compared with 
that which wo possess of other colouring principles, is still confused and uncertain. 
According to some chemists (Sacc, for example) and many manufacturers, madder 
contains but one colouring principle, while most others admit the existence of at least 
two, viz. alizarin and purpurin. Moreover, according to some chemists, the colouring 
matter exists in madder ready formed ; whereas others suppose that fresh madder 
contains merely a colour-generating substance, which subsequently, by a kind of fer- 
mentation gives rise to the colouring matter properly so called : the latter, which is 
Sehunck* s view, appears to be based on the most, trust worthy experiments. 

When ordinary commercial madder is exhausted with boiling water, a dark-brown 
muddy liquid iB obtained, having a taste between bitter ami sweet. On adding 
a small quantity of an acid to this liquid, a dark-brown precipitate is produced ; while 
the supernatant liquid becomes clear, and appears of a bright yellow colour. The 
precipitate consists alizarin, purpurin, rubiacin. two resinous colouring matters, 
pectic acid, oxidised extractive matter, and a peculiar nitrogenous substance. The 
liquid filtered from this precipitate contains the bitter principle and the extractive 
matter of madder, as well as sugar, and suits of potassium, calcium, and magnesium. 
No starch, gum, or tannin can be detected in the watery extract. After the madder 
has been completely exhausted with boiling water, it appears of a dull red colour. It 
still contains a quantity of colouring matter, which cannot, however, be extracted with 
hot water, or even by alkalis, since it exists in a state of combination with lime and 
other bases, forming compounds which are insoluble in those liquids. ( Jf, however, 
the residue be treated with boiling dilute hydrochloric acid, that, acid dissolves a 
quantity of lime, magnesia, alumina, and sesquioxide of iron, as well ns ftome phos- 
phate and oxalate of calcium, which may be discovered in the filtered liquid; and 
if the remainder, after being well washed, be treated with caustic alkali, a dnrk-red 
liquid is obtained, which giveB with acids a dark reddish-brown precipitate of alizarin, 
purpurin, rubiacin, resin, and pectic acid. The portion of the madder left after treat- 
ment with hot water, acids, and alkalis, consists almost” entirely of woody fibre. 
(Sehunck.) 

Of the substances thus shown to exist in ordinary madder, the most important are 
undoubtedly alizarin and purpurin, which are in fact the essential re<! colouring 
matters of the dye-stuff. They were discovered by Robiquet and Colin, to whom 
we are indebted for the first memoir of any importance relating to the chemistry of 
Madder. (Ann. Ch. Pliys. [2] xxxiv. 225.) 
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Alizarin, the Lizaric acid of Debus, Madder-red ot 
rouge of Oaalthier de Chubry and Perm, was obtained by Sobiquet Md Coth™* 
sublimate, in beautiful reddish-yellow needles ; but the mode of preparation which the v 
adopted left it uncertain whether the alizarin pre-existed in madder ; or was a product 
of decomposition of some other body produced by heat 
It may, however , be extracted from ordinary madder, as used by the dyer, by the 
action of solvents, and obtained in crystals without sublimation .* hence its existence 
in ordinary madder maybe inferred (see i. 114; and for details of preparation, 
Gmelin y s Handbook , xiii. 326, and xiv. 130). Its composition cannot be regarded as 
definitely established. Wolff and Strecker’s formula, C‘°H 6 0 3 , is most in accordance 
with the relation of alizarin to chloronaphthalic acid, C ,0 H S C10® both of these com- 


pounds boing converted, by the action of nitric acid, into phthalic acid; butSchunek's 
formula, C H H lo O\ appears to pxplain more clearly the formation of alizarin from rubian 
(p. 746) : it must bo remembered, however, that the formula of rubian itself is by no 
means well established. Alizarin is very little soluble in water, more soluble in alcohol, 
but nearly insoluble in aluminium-salts. Its alkaline solutions have a beautiful violet 
or purple colour, and it forms lakes of various colours with the earthy and heavy 
metallic oxides. 


Purpurin, the Madder-purple of Itunge, Matter e color ante rose of Oaulthier de 
Claubry and Persoz, Oxilizaric acid of Debus, is extracted from madder by the same 

f rocesses as alizarin, and separated from it by its superior solubility in alum-liquor. 

t bears considerable resemblance to alizarin, yielding a crystalline sublimate when 
heated, and being very sparingly soluble in water, but more solublo in alcohol. 
The properties by which it is distinguished from alizarin, are its easy solubility in 
boiling alum-liquor, forming a solution of a beautiful pink colour, with yellow 
fluorescence ; and secondly, the colour of its alkaline solutions, which are cherry-red or 
bright red ; whereas alizarin forms violet solutions with alkalis. These differences 
might, however, be produced by the admixture of some foreign substance with alizarin ; 
ana accordingly some chemists, as already observed, do not regard purpurin as a 
distinct substance, but attribute all the colouring power of madder to alizarin. There 
are, however, other characters which show beyond doubt that purpurin is a distinct 
substance: viz. — i. Its decomposition when exposed to the air in alkaline solution, the 
colour of the liquid then changing from bright red to reddish -yellow, and ultimately dis- 
appearing almost entirely, after which purpurin can no longer be discovered in the solu- 
tion, whereas alizarin suffers no such decomposition (Sell u nek). — 2. Its optical 
properties. Stokes has shown that when a solution of purpurin is examined by a prism, 
the spectrum which it exhibits is totally different from that which is produced m like 
manner by alizarin. (See Light, p. 638 ; also Purpurin.) 

Considerable difference of opinion likewise exists as to the rolative value of alizarin 
and purpurin as dyeing materials. According to Robiquet and Schunck, the finest and 
most permanent madder-colours are produced by alizarin ; whereas Itunge and St .rocker 
are of opinion that the liveliest tints are produced by purpurin, and that this substance 
likewise plays the principal part in the manufacture of Turkey-red. According to E. 
Kopp, on the other hand, the real basis of Turkey-red is alizarin ; and he further states 
that purpurin, though it dyes mordanted fabrics perfectly, does not yield colours of 
bo great a degree of stability, and has not so great an affinity for oiled cloth, as alizarin. 

From Schunck’s experiments, it appears that all the usual madder-colours may bo 
obtained by means of alizarin, and that the colours so produced are as puro and brilliant 
as ordinary madder- colours are after a long Course of treatment with soap, acids, &e. 
They are likewise equally fast, and quitg equal to ordinary madder- colours in their 
power of resisting decomposition by soap, alkalis, &c. 

In short, the final result of dyeing with' madder and its preparations appears to be 
simply the combination of alizarin with the various mordants employed. It can easily 
be shown, indeed, that the finer madder -colours contain little besides alizarin in combi- 
nation with the mordant. If, for instance, a few yards of ‘ madder-pink calico ’ be treated 
with hydrochloric acid to remove the alumina of the mordant, then well washed and 
treated with caustic alkali, a violet solution is obtained from which acids precipitate 
yellow Hocks consisting of almost pure alizarin. Purpurin, on the other hand, is fouud 
to have almost entirely disappeared from all madder-colours which have l>een sub- 
jected to a long course of after-treatment ; a result quite in accordance with the fact above 
mentioned of the decomposition of purpurin in alkaline solution on exposure to the air. 
(Schunck.) 

Madder likewise contains certain yellow colouring matters : but they are useless, if 
not positively injurious, in the process of dyeing. Rubiacin is a yellow crystallised 
colouring matter, coinciding in most of its properties with the madder-orange of Run go. 
It is only slightly soluble in boiling water, but dissolves more freely in boiling alcohol. 



MADDER, 743 

and crystallises therefrom, on cooling, in greenish yellow lustrous scales and needles. It 
dissolves without decomposition in strong sulphuric and in boiling nitric acid, and with 
purple colour in alkalis. Its compounds with metallic oxides are mostly red. When 
treated with a boiling solution of ferric chloride or nitrate, it dissolves entirely, yielding 
a brownish-red solution, which gives with hydrochloric acid a llocculcnt precipitate <3 
rubiacic acid. 

Of the two resinous colouring matters already mentioned (p. 742), one is a dark- 
brown, brittle, resin-like body, very soluble in alcohol, ami melting at, a little above 
100°; the other is a reddish-brown powder, less soluble in alcohol than the preceding. 
These two colouring matters, together with rubiaciu, constitute probably the tawny 
or dun colouring matter of madder mentioned l>y the older chemists. They do 
not contribute to the intensity of the colours dyed with madder, and exert a very pre- 
judicial effect on the beauty of the dyes. If printed calico Ixi dyed with a mixture of 
alizarin and any one of these three colouring matters, the colours are found to lie both 
weaker and less beautiful than when alizarin is used alone. The red acquires an 
orange tinge, and tho purple a reddish hue, whilst the black is less intense, ami the 
pails which should remain while have acquired a yellowish colour. The elfcet. of those 
colouring matters must, therefore, be counteracted as much as possible by preventing 
them either from dissolving in the dyo-lmth, or from attaching themselves to the fabric. 

Tho other organic constituents of madder are also for the most part injurious in dye- 
ing. The pectin, in the state in which it exists in the root, is probably an indifferent 
substance ; but, in consequence of tho ease and rapidity with which it passes into poctio 
acid, it may act very prejudicially in dyeing, by combining with the mordants and 
preventing them from taking up the colouring matter. 

The extractive matter of madder, when in an unaltered state, produces no inju- 
rious effects directly ; but by the action of oxygen, especially at elevated tempera- 
tures, it acquires a brown colour, and then contributes, together with the rubiaciu and 
resinous colouring matters, to deteriorate the colours, and sully the white parts of tho 
fabric. Hence the uniform dirty reddish-brown tint which a piece of calico exhibits, 
both on the printed and imprinted portions, after having been dyed with madder; tho 
removal of ibis tinge is one of the objects of the after-treatment with soap and other 
materials. In the process of manufacturing garancin, this substance is partly decom- 
posed, partly removed by the subsequent washing: and this explains, in a great mea- 
sure, the greater purity and brilliancy of garancin colours, as compared with madder 
colours. Tho extractive matter, when pure, has the appearance of a yellow syrup, like 
honey, is easily soluble in water and in alcohol, and is not precipitated from its aqueous 
solution by any earthy or metallic salt ; hut the solution, if evaporated in contact with 
the air, gradually turns brown, and then gives an abundant brown precipitate with 
acetate of lead. Its aqueous solution mixed with hydrochloric or sulphuric acid, and 
boiled, becomes green and deposits a dark-green powder. Hence this extractive matter 
has been called chlorogenin by Schunek, rubichlorie acid by Kuchlodor. Tim 
xa nth in of Kuhlmann and the madder-yellow of Kungo appear to bo mix- 
tures of the extractive matter with a bitter principle. 

The sugar contained in madder is probably glucose : it has not hitherto been 
obtained in the crystallised state; but it yields alcohol and carbonic acid by fer- 
mentation, like ordinary sugar. The wo udy fibre which remains alter madder has 
been thoroughly exhausted by the action of various solvents (p. 742), always retains a 
slight reddish or brownish tinge, from the presence of some colouring matter which 
cannot l»e completely removed, and seems to adhere to it in tho same way as it does to 
tho fibre of unmordanted cotton. 

Tho inorganic constituents of madder-root have been analysed by If. K d c h li n 
(Ann. Ch. Pharm. lix. 344) and K. Moy {ibid. liv. 34G) ; those of the seed by SSchiol 
(Jiaudw. d. Chem. iv. 009). . 
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The Alma* madder (a) grown on s highly esleareous soil yielded 8-25 rwrwnf 
6 yielded 8<4~pe r cent. The seed of Avignon madder gave 8-14 per cent.Zh 

Formation of the Red Colouring Matters.— The extraction of alizarin and purtrari,, 
t tt>m msMet \>v the action of solvents shows that these colouring matters „ ist ^ . 
formed in madaer in its ordinal state, as used by the dyer. But it still remaij, 
wZion whether they exist in the root while growing or when newly dog op, or 
whether they are formed by any subsequent, process of ’ ehemieoJ change. Now it has 
ZZheen known that when ground madder is kept tightly packed in casks, neon- 
l^ZproZ in quality for several years, after which :t ogam deteriorates ; and it 
was always supposed that this effeet was due to some process of slow fermentation. 
The real YmturVof the change, however, remained for a long time unknown. Strecker 
supposes that the change which goes on consists in the conversion of alizarin into pur- 
lin- but this would constitute anything hut an improvement in quality, since the 
Mloure produced by purpurin arc in most respects inferior to those of alizarin. Besides 
this, alizarin is a body not easily decomposed unless exposed to the action of very 
potent agents ; and any portion of it once formed in the root, would probably resist the 
action of air and moisture for a very long period of time, if not entirely. Mr. Higgm 
of Manchester states, as the results of his experiments on this subject, that there exists 
in madder a peculiar albuminous ferment, which, by acting on the xanthm, gives rise 
to the formation of colouring matter ; and that this process takes place to some extent 
even during the short period of time occupied in dyeing. This view has been con- 
firmed in its main features by the experiments of Schunck. 

That the whole of the colouring matter of madder does not exist ready-formed m the 
article as used by the dyer, may be rendered evident by a simple experiment. If 
madder be exhausted with cold water, the clear watery extract does not contain any 
alizarin or other colouring matter, sincethe.se are almost insoluble m cold water. 
Nevertheless, the extract when gradually heated is found capable of dyeing m the same 
wav as madder itself. If made tolerably strong, it possesses a deep yellow colour and 
a very bitter taste ; but if it be allowed to stand in a warm place for a few hours, it 
gelatinises, and the insoluble jellv which is formed is found to possess the whole of the 
tinctorial power of the liquid, while the latter has lost its yellow colour and bitter 
taste Hence it may be inferred that the substance which imparts to the extract its 
bitter taste and yellow colour, is capable of giving rise to the formation of a certain 
portion of colouring matter. By extracting madder with boiling water, the subsequent 
oolatinisation or coagulation is prevented, and the extract retains its yellow colour and 
bitter taste ; a proof that the coagulation observed in the extract with cold water is a 
result of some process of chemical change which is arrested when the temperature is 
sufficiently raised. When the extract is agitated with a little animal charcoal, the latter 
absorbs the bitter principle, and gives it up again to boding spirits of wine, which on 
evaporation loaves it in an almost perfect state of purity In this manner Schunck 
obtained a substance to which he has given the name of Itubian, and of which the 
principal characteristics are these : — It is amorphous and shining like gum, has a deep 
vollow colour and an intensely bitter taste, is easily soluble in water and alcohol, it 
ir not a colouring matter in the practical sense of the word, for it gives to mordants 
in dyeing only the faintest shades of colour. But if its watery solution be mixed with 
sulphuric acid and boiled, it gradually deposits a quantity of insoluble yellow flocks 
and becomes almost colourless. These flocks after being well washed, arefound to 
dyo exactly the same colours as alizarin. In fact they contain alizarin. The liquid 
gives the reactions of sugar. Taking this fact into consideration, it becomes possible 
to give an account of the principal chaqfce which takes place in the process of manu- 
facturing garancin. It is evident that faring this process the easily soluble rubian 
becomes converted into the difficultly soluble alizarin, that there is in this case, in fact, 
an actual formation of colouring matter which is added to that already existing in the 
root. A similar change takes place when caustic alkali is used in place of the acid 
A solution of rubian on being mixed with caustic potash or soda, simply turns red, but 
on being boiled, it becomes dark purple and deposits a purple powder which consists 
chiefly of a compound of alizarin with alkali, insolable m caustic lye. Fermentation 
also decomposes rubian with great facility ; but in order to effect its de^mpoeition it 
is not indifferent what ferment is taken ; a peculiar ferment is essential to the purpose. 
A solution of rubian may be left for several days in contact with yeast Reco mposin g 
Albumin, casein, emulsin, &c„ without showing any sign of change. But if 
of madder with cold water be mixed with a large exc<*s ofaicohol, 
colour are precipitated, which, after being well washed with alcohohare found to «m- 
8 ist chiefly of an azotised principle called Er y t h r o z y m which exerts a peculiar 
powerful decomposing effect on rubian. If some of this substance be mixed with 
JTwatery solutionof rubian, and the mixture be left to stand at the ordinary tem- 
perature the rubian is found after a few hours to be as completely decorap wed as 
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if it had been treated with a strong acid or caustic alkali, though no ovolution of gas 
or any of the usual signs of fermentation have been manifested. The solution, if 
tolerably strong, gelatinises just as an extract of madder with cold water does, under the 
same circumstances. The jelly, when mixed with cold water, is found to be almost in- 
soluble. The water acquires only a slight colour, but contains sugar in solution, while the 
insoluble portion contains alizarin mixed with the ferment. This process of decompo- 
sition affords an explanation of the fact, well known to madder dyers, that if the 
dye-bath bo heated up rapidly to the boiling point, instead of gradually, as is the 
usual practice, prejudicial effects ensue. In fact., the sudden heating puts a stop to 
the action of the ferment, as would be the case in any other process of fermentation, 
whereas the gradual heating allows it to exert its full decomposing power on the rubian. 
Ilence, too, the advantage of mixing together several sorts of madder, one containing 
perhaps an excess of rubian in proportion to ferment, tin* other a superabundance of 
ferment to counterbalance it.. The improvement which takes place in the quality 
of madder after long keeping is probably also an effect of the same cause. Indeed, 
it seems highly probable that the alizarin, which undoubtedly exists ready formed 
inordinary madder, owes its formation to the action of fermentation on rubian; 
and an experiment made with fresh madder roots goos far to prove t hat this is in fact 
tho ease, and that the fresh root contains no trace of ready formed colouring matter. 
Some madder roots having been taken out of the ground and cut small, without being 
dried, produced the ordinary colours when used for dyeing in the common manner. 
But on treating the roots, after being cut into pieces as quickly as possible, with 
Ruling alcohol, a yellow extract was obtained, which contained rubian, but. which, 
even after all the alcohol had been driven away, was found incapable of imparting to 
mordants any but the slightest shades of colour; while the portion of the root left un- 
(lissolved by the alcohol, on being subjected to tho same test as tho extract, imparted 
to mordants no more colour than the latter. It was evident, therefore, that the alcohol 
in this case had effected a separation between the oolonr-produeing body and the ajpmt 
which, under ordinary circumstances, is destined to effect its transformation Into 
colouring matter. The same relation, it is apparent., subsists between rubiun and 
erythrozym, as between nmygdalin und emulsin. 

Erythrozym differs in composition from nil other known ferments, containing but a 
small proportion of nitrogen not exceeding 4 per cent. It acts on an aqueous solution 
of sugar nearly in the same mnrmer as yeast, giving rise to tho formation of alcohol, 
carbonic acid, hydrogen and succinic acid, but it is distinguished from all other fer- 
ments by its power of acting on rubian. 

As rubian, when subjected to the action of acids, alkalis, or erythrozym yields alizarin 
nnd glucose, the decomposition might at first sight be supposed to consist simply in 
the resolution of the rubian into these compounds, according to tho usual mode of de- 
composition of glucosides. The real decomposition is however much more complex, the 
products never consisting of alizarin and glucose only. The part insoluble in cold 
water contains in all cases, besides alizarin, t wo resinous colouring matters, namely, 
Rubiretin, C^II'K) 4 , easily soluble in alcohol, and Ve ran tin, C M H ,0 O 4 , lesssolublo 
in that liquid. But in addition to these, there is uniformly found accompanying tho 
alizarin, a third body, belonging, as far as general appearance and properties are con- 
cerned, to the same class of substances as rubiaein. The third body is, however, in 
each case quite distinct. When acids have been employed for tho decomposition of 
rubian, then this third body is found to have the following properties : — It is tolerably 
soluble in boiling water, and crystallises in lemon-yellow silky needles; it is decomposed 
on being heated, but resists the action of nitric and concentrated sulphuric acids ; this 
substance, Rubianin, contains, according to Sehunck, C w H a, 0 , °. When alkulis aro 
used instead of acids, the rubianin is replaced by Rubiadin, C ,fl II H 0\* which is a 
body crystallising in beautiful golden-yellow scales, insoluble in water, but soluble in 
alcohol, and completely volatilised when heated. But when rubian is decomposed 
by fermentation, it yields neither of these two, but in their place Rubiafin, a 
substance Agreeing in composition with rubiadin, and resembling it in most- of its 
properties, but essentially distinguished from it by passing into rubincic acid when 
treated with ferric chloride. This substance is usually accompanied by another ol 
similar properties, called Rubiagin, of which it is difficult to say whether it must be 
considered as distinct from the others, since it has not boen obtained in a state ai 
perfect parity. All these bodies which accompany alizarin make their appearance so 
invariably under the circumstances above mentioned, that their occurrence cannot lx 
considered as accidental. 

Assuming for rubian the formula Schu nek's view of the formation ol 

these compounds may be represented in equations as follows : — 

♦ Schtmc* give* for rubUdtn the formula, C* J H* J 0* ; but tbl* ii improbable on account of the unevet 
■umbers of hydrogen and oxygen atoms (O *= 8). 

3 52 
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a. Formation of alizarin (C ,4 H ,0 O 4 according to Schunck) : 

— 2C ,4 H ,0 O 4 + 7 IPO. 

b. Of verantin and rubiretin : 

C ai H « 0 i a _ C 14 H ,0 O 5 + C l4 H 12 0 4 + 6H*0. 

c. Of rubianin and glucose : 

C"1I S *0 16 + H 2 0 = C**H* 4 O l# + C a H' 8 Or 

d. Of rubiadin and rubiafin : 

C v«H^O ,ft + 21PO = C ,fl H ,4 0 4 + 2C«H l2 O a . 

Or rubiadin and rubiafin may be considered as products of the further metamorphosis 
of rubianin : — 

C“H«O l0 4 - H 2 0 = C» 6 U 14 0 5 + C 4 H ,8 0 6 . 

It appears, then, that rubian undergoes, not one, but three different processes of 
decomposition when acted on by acids, alkalis, or ferments ; that the formation of sugar 
is connected not with that of alizarin, but with that of rubianin and its allies, and that 
in fact there is no reason why only one of these processes should not take place to the 
exclusion of the others ; why, for instance, rubian should not be so decomposed as to 
yield alizarin alone, without any of the accompanying bodies, which are from this point 
of view, not only a source of loss, but also prejudicial in practice. 

The formation of alizarin and of the other products of rubian above mentioned, does 
not depend upon oxidation. Nevertheless, according to Schunck, rubian does suffer 
a partial oxidation when its aqueous solution, mixed with an alkali or alkaline earth, 
is exposed to the air, the product formed being rubianic acid, C bi H :9 G* 1 , (or perhaps 
CPU™ O'** =* G^'H^O 14 ). Its formation may perhaps bo represented by the equation : 
0»IP 4 0 , » + O 3 = O B H 3 "0 14 + 2C0 2 + 2H a O. 

Kubian. Hubianic acid. 

It is a true glucoside, and is resolved by the same agents which effect the decomposi- 
tion of rubian into alizarin and glucose, no secondary products making their appear- 
ance ; perhaps thus : 

C 2« H3 o OI 4 + 2H 2 0 = C l4 H ,0 O 4 + 2C e H ,2 0\ 

Hubianic acid. Alizarin. Glucu&e. 

For further details respecting all these products, see Bubian. 

TTao of Madder In Dyeing. The chief use of madder is in cotton-dyeing and 
calico-printing. In woollen-dyeing it is not so much employed, especially in this 
country, only the ordinary woollen goods being dyed red with it ; the colour is not so 
bright as that obtained with cochineal or lac, although more permanent and cheaper. 
Silk is seldom dyed with madder, because cochineal affords brighter tints. 

The series of operations usually adopted for printed calicoes is as follows: — 

1. The calico having been singed and bleached, the mordant is printed on; namely, 
*rrd liquor * (acetate of aluminium containing a small quantity of sulphate) for red or 
pink ; ' iron liquor ’ (ferrous acetate) for violet, purple, or black ; and a mixture of this 
with red-liquor for chocolate. 

2. The printed cloth is hung up with free access of air for about two days. During 
this process of “ ageing,” the mordant undergoes important changes, and becomes to a 
great extent insoluble, and therefore fixed in the cotton : red-liquor parts with a great 
part of its acetic acid, and its alumina remains as a highly basic sulphate ; iron-liquor 
absorbs oxygon and loses acetic acid, andds thus converted into a basic ferric acetate. 
Of late years, a “ rapid ageing process *,has come into extensive use; it consists in 
passing the printed calico through a heated chamber, the atmosphere of which is kept 
exactly saturated with water- vapour. This process is frequently completed in about 
half an hour, but the time required for it, as well as for the ordinary ageing process* 
varies with the amount of mordant upon the cloth. 

3. The next operation is called “ dunging,” and consists in passing the cloth through 

a hot mixture of cow-dung and water. During this process, superfluous portions of 
the mordant, which would otherwise get detached from the cloth (luring the dyeing and 
would be precipitated in combination with colouring matter upon the nnprinted parts* 
are removed (perhaps in combination with organic constituents of the bath)* and the 
remainder is converted more or less completely into phosphate. For a good many 
years past, the use of cow-dung in this process has been to a great extent superseded 
by that of an artificial preparation known as “ dung substitute,” first introduced by 
Mercer, the essential constituents of which are alkaline phosphates and arsenates (See 
Dybing, ii. 353.) v 

4. Steeping in the. madder-bath, which is kept lukewarm at first, and gradually 
raised to the boiling heat. 
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0. '‘Clearing,” bypassing the fabric through a boiling mixture of bran and water, or 
BO&p and water, or through a weak solution of chloride of lime, or by “ crofting,” that 
is, exposing it for some time on the grass to the action of air and light, or by several of 
these processes in succession. 

To obtain greater variety of colours, other dye-stuffs are sometimes added to the 
madder-bath, e.g. quercitron or fustic for orange, logwood for blacks, &c. 

For further details relating to the operations of madder-dyeing, see lire's Dictionary 
of <f c -> articles Maddkr and Tuhkky-Kki>. 

The chemical changes which take place during tie* process, may be shortly described 
as follows : In the first place, flic water of the dye-bath extracts the more soluble con- 
stituents of the madder, such as the sugar, extractive madder, and bitter principle 
(rubian). The latter is decomposed by the ferment, and the colouring matter thereby 
formed is added to that already existing in the root. As the temperature rises, tho 
less soluble constituents, such as tho alizarin, purpurin, rubiaein, resinous colouring 
matters, pectin and pectic acid, begin to dissolve, and at the same time combine partly 
with the mordants of t lie fabric, partly with tin* lime and other bases contained in tho 
root, or added to the dye-bath, and thus permit the liquid to take up fresh quantities 
from the madder. Tin* extractive matter acquires at the same time a brown colour by 
the combined action of heat and oxygen, and covers the white portions of a piece of 
printed calico with a uniform brown tinge. At the same time tho alumina mordant 
has acquired a dirty brownish-red colour, and tin* iron mordant a black or brownish- 
purple, so that tho fabric, after removal from the dyo-bath, presents a very unsightly 
appearance. To clear the whites, and at the same time brighten tin* colours by removing 
the rubiaein, resinous matters, extractive matter, and leave nothing but the 

alizarin combined with the mordants, is the object of the fifth operation or series of 
operations above-mentioned. But even this treatment, though sufficient for the more 
ordinary descriptions of goods, does not completely remove the foreign substances; 
for which reason the finer descriptions of printed calicoes art' subjected to an after- 
treatment, which is as follows: “The goods, after being very fully dyed, generally 
with addition of chalk, ami then washed, are passed for some time through a solu- 
tion of soup, which iH heated to a moderate temperature. By this means, a great deal 
of colour is removed, as may be seen by the red tinge of the soap-liquor, and the purity 
of the white portions is almost, entirely restored. During this process, the brown and 
yellow colouring matters are probably removed by double* decomposition, the alkali of 
the soap combining with and dissolving them, while the fat arid fakes their place in 
the fabric. After being washed, the goods are passed t hrough a weak solution of acid, 
mostly sulphuric or oxalic, or an acid tin-salt, which causes the colours to assume an 
orange tinge. The point at which the action of the acid liquid is to he arrested, can 
only be ascertained by practice. The next step in the process iH, after washing the 
goods, to treat them again with soap-liquor in a close vessel under pressure. By 
exposing the goods on the grass for some time after the first soaping, the use of acid 
may be obviated ; but the process then becomes much more tedious. In this way are 
produced those beautiful pinks and lilacs, which, for delicacy of hue, combined with 
great permanence, arc not surpassed by any dyed colours known in the arts. Whether 
the fat acid of the soap employed forms an essential constituent ot these colours, is not 
certainly known ; but it is probable that it contributes to their beauty and durability. 
It is certain, however, that they always contain fat. acid. If a piece of calico which 
has gone through the processes just described be treated with muriatic acid, the colour 
is destroyed, and a yellow stain is left in its place. r l his yellow stain disappears on 
treating the calico, after washing with water, with alkali, yielding a solution of a beau- 
tiful purple colour. This solution gives again, with an excess of acid, a yellow floccn- 
lent precipitate, which, after filtration, dissolves almost entirely in boiling alcohol, and 
the solution, on evaporation, affords needle-shaped crystals of pure alizarin, igix«slwith. 
white masses of fat acid. The latter, therefore, seems to occupy the place taken up by 
the impurities before treatment with soap.” (Schu nek.) , 

An essential condition for the production of permanent madder-colours is the 
presence of a certain quantity of lime in the bath. This was first pointed out by 
Hausmann, who, after having produced very fine reds at lb men, where the. water is 
calcareous, encountered the greatest obstacles in dyring the same reds at Bogrdlmch 
near Colmar, where the water is nearly pure; but on adding chalk to his dye- bath, ho 
obtained mis as beautiful and as permanent as those which he had formerly produced 
at Rouen. It has also long been known that Avignon madder, which is grown on a 
highly calcareous soil, and contains so much calcic carbonate as to e ffervesce with acids, 
affords the most permanent colours, whemt* Alsace madder requires the addition of 
chalk in order to produce the same effect. The lime appears to act by uniting with 
those constituents of the madder f the -rubiaein, pectic acid, &c.) which when taken up 
by the mordants in large quantity, act injuriously on the colour: for Hchunck and 
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Robiquet have Shown by experiment that, in dyeing with pure alizarin, the leas 
addition of lime is rather injurious than otherwise, as it weakens the colours withou 
adding to their durability. On the other hand, the addition of rubiacin, of the resinoui 
colouring matters, or of pectic acid to alizarin was found to be very prejudicial, the m! 
then acquiring an orange, and the purple a reddish hue, while the black beearm 
brownish, and the white parts of tho fabric assumed a yellowish tinge : but thest 
effects disappeared completely as soon as the foreign colouring matter was completely 
saturated with limo, the tinctorial power of the alizarin then reappearing with all it'* 
original intensity. Too great a quantity of lime must however be avoided, as it would 
tako hold of the alizarin itself, and prevent it from uniting witli the mordants. 

Preparations of Madder. Since madder contains a variety of substances which 
impair the brightness and permanency of the colours produced by alizarin and purpu- 
rin, it follows that the process of dyeing with it must be greatly facilitated the 
previous removal of these substances. This object is attained by treating madder with 
sulphuric acid, which destroys the rubiacin, resinous colouring matters, gum, pectin, ex- 
tractive matter, &c., and at the same time, by its action on the rubian still existing in 
the madder, increases the quantity of alizarin and purpurin. Madder thus treated 
produces dyes which require less clearing than ordinary madder-colours ; and there 
is this further advantage in its use, that nearly all the colouring matter contained in it 
is available for dyeing, whereas when crude madder is employed, nearly a third of the 
colouring matter remains in the residue unutilised. These considerations have led to 
the use of the following preparations of madder : 

1. Sulphuric Charcoal ( Charbon sulphuriquc). — This name was given by 
Robiquet to a product which he obtained by treating pulverised madder with a con- 
siderable quantity of rather strong sulphuric acid for several hours, then diluting witli 
water, filtering, washing, and drying the residue. It dyes strongly and produces very 
fine colours ; but being difficult and costly to prepare on tho large scale, its manufacture 
hns been abandoned, excepting for the preparation of col or in, a product introduced 
into commerce by MM. Lagier and Thomas, and obtained by exhausting the sulphu- 
ric charcoal with alcohol and distilling the solution to the consistence of nil extract. 

2. Garancin, first prepared by Lagier, Robiquet, and Colin, is obtained in a 
similar manner to sulphuric charcoal, excepting that a smaller quantity of ueid is 
added (less than a third of the weight of the madder), and the mixture is more largely 
diluted with water and boiled for a longer time. The product is washed, dried, and 
ground with a small quantity of chalk or sodic carbonate to neutralise any acid that 
may be retained by the woody fibre. Madder yields from 33 to 36 per cent, of garancin. 
Garancin colours are regarded as somewhat less stable than those obtained" directly 
from madder ; but, if the garancin bo well prepared, t lie colours are generally fine and 
brilliant, jyjd the white ground remains intact. The violets which it produces are how- 
ever not quite satisfactory, and to obtain a rose colour witli it is very difficult. 

3. Pin coffin, or Alizarine, commercial e t introduced by Messrs. Pincoff and Co. of 
Manchester, is a garancin prepared u nd washed with the greatest care, then made as neutral 
as possible, and heated alxive 100° by high pressure steam, whereby a certain quantity 
of brown colouring matter is destroyed or rendered inert. This product yields very 
pure and bright violet tints without requiring clearing, and the other colours obtained 
with it are equally satisfactory. 

4. Garanceux. — This is a product obtained by treating the waste madder of the 
dye-houses, which, as already observed, still retains a considerable quantity of colouring 
matter, with sulphuric acid, then filtering, washing, drying, and grinding. The 
substance thus obtained still dyes tolerably well, and may be used for a certain class of 
patterns not containing rose or violet tints. 

6. Flowors of Madder ( Fleur de Garance ) is the name given to a kind of washed 
madder first prepared at Avignon by MM. Julien and Rocquer. The madder is sus- 
pended in water containing a small proportion of acid, partly to saturate earthy carbo- 
nates, partly to render the colouring principles less soluble. It is left in contact with 
the water for some hours, during which time alizarin and purpurin are formed, and 
become insoluble, and sometimes a true fermentation is set up. The product is then 
carefully washed, so as to remove only the more soluble matters. The first liquors, 
being strongly charged with sugar, are subjected to vinous fermentation, and on 
subsequently distilling them, a considerable quantity of alcohol is obtained. Madder 
yields about 60 per cent of this product, which, being free from gummy and saccharine 
bodies, and especially from the brown colouring principle which soils the mordants, 
yield much finer colours than madder itself. More than half the quantity of madder 
cultivated Ut the present day is converted into flowers of madder and garancin. 

6. Madder Extracts. — Ail tho products above mentioned contain nearly the 
whole of the woody fibre of the root, an impurity which prevents their use in calico- 
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printing. To get rid of this, garancin or sulphuric charcoal, or flowers of madder, i»* 
treated with certain solvents, as in the preparation of colorin already mentioned, 
whereby the colouring matters are dissolved out and the woody fibre and other 
impurities are left behind. The solvents used for this purpose lire : — 

a. Aluminium-salts, alum being almost always the salt employed. The garancin, &c,, 
is repeatedly boiled with an aqueous solution of alum, the colouring matter precipitated 
from the filtrate by sulphuric acid, and the precipitate collected and washed. The 
extract thus obtained almost always contains alumina, but is otherwise very pure, and 
yields very brilliant colours in dyeing and calico-printing ; but the process is costly, 
because it requires large quantities of alum and sulphuric acid, and to recover the alum 
in the crystalline form, and separate it from the acid, the mother-liquors must be 
strongly concentrated in leaden vessels. Moreover, the residue of the madder, being 
impregnated with alum, which prevents its further use in dyeing, is totally lost. 

b. Alkalis and Alkaliru-salts. — The alkaline extracts are obtained by repeatedly 
treating madder or its derivatives with solution of caustic soda, carbonate or phosphate of 
sodium, or aqueous ammonia, Altering, precipitating the colouring matter by a mineral 
acid, filtering again, then washing and drying. This process is more economical than 
that with alum, but the extracts are much contaminated with resinous and pectous sub- 
stances, very dark coloured, and when used for dyeing, yield colours winch require verv 
careful soaping and clearing, whereby the depth of the colour is greatly diminished. 
The extracts may however be improved in quality by boiling them, while yet moist, 
with dilute sulphuric acid, then filtering and washing. 

c. Spirituous solvents . — The extracts prepared by treating good garancin or flowers 
of madder with alcohol or wood-spirit, have a tine yellow or yellow-brown colour, and 
dye very well, especially if they aro preserved in the pasty condition. If they are 
thoroughly dried, the colouring matters become so completely enveloped by the resin, 
that they are very difficult to moisten, and nearly insoluble in water, even at the 
boiling beat. 

d. Direct jyreparation of Hainan from Madder ; K. Kopp's process (Hull. Soe. 
industr. do Mulhouse (1801) xxxi, 9; R6p. Chim upp. 1861, pp. 166, 2211, 276; 
Jahresber. 1861, p. 938). — This process consists iu the treatment of madder witli sul- 
phurous acid . It differs essentially from all the preceding both in principle uud in 
practice, requiring the use, not of flowers of madder or garancin, but of madder in the 
natural state and as little altered as possible, in which, in fact, the colorific principle 
(rubian) has not yet been transformed into alizarin or purpurin, these compounds, when 
once formed, being no longer soluble in water containing sulphurous acid. 

The process, as carried out on the large scale by MM. Sell naff and- Laut.b of 
Strasbourg, is as follows : — The ground madder is macerated for eight or ten hours 
with 10 or 12 times its weight of water containing 2 or 3 per cent, of sulphurous acid ; 
the resulting solution is filtered, ami the residue is pressed. . On mixing* the filtrate, 
which contains the colorific matter, with 3 per cent, of its weight ot sulphuric acid, of 
specific gravity 1 *62, and heating to 30° or 40° C\, p ur puri n is deposited in large red or 
orange-coloured flakes, which are separated by decant at ion and tilt ration, and then washed. 

The mother-liquor of the purpurin, heated to the boiling point, gives off carbonic 
acid, and yields a precipitate of alizarin coloured greenish-block by a foreign substance, 
which is likewise produced by the action of acids on the xonthin ot MM. Kuhlmanii 
and Higgin. This green alizarin is collected, filtered, and washed. It may bo further 
purified by sublimation, or by solution in alcohol or wood-spirit. . 

The mother-liquor of the green alizarin contains the whole of the. sulphuric acid used, 
together with the saccharine, gummy, and other matters extracted by the wator from 
the madder. This acid liquor is used for converting into weak garancin, the madd^- 
residue which has been exhausted by aqueous sulphurous acid and pressed. The inode 
of operating is exactly the same as for transforming fresh madder into garancin. 

file mother-liquor of the garancin, which is still acid, but likewise saccharine, is 
neutralised with lime or chalk, and fermented so as to obtain alcohol. 

This process is very simple and economical, the quantity of sulphuric acid consumed 
being Xnt the same as employed in the preparation of ordinary garancin, and th. 
only other material used being the »m.Ul quantity ot eulphur (or pynte.) required td 

produce the sulphurous acid. ^ - . , - titrt . * 

By a careful experiment on the small scale, Kopp obtained from 100 pts. of Alsatian 

madder : 

1*85 gnus, purpurin. 

315 „ green alizarin ) dric<1 ftt 4 0 ° C. - 

0*30 „ yellow „ ) 

42-0 „ madder-residue dried at 40 . 

35.0 ” n n convert*! into garancin and dried ftt lOtr \ 
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aod he estimates the nnfSd colouring powers of these materials as equal to 11 time* 
that of the ma^ljp if employed in the crude state. 

It does not appear likely that any other antiseptic substance can be advantageously 
substituted for the sulphurous acid. Kopp has unsuccessfully tried phenol, creosot/ 
arsenious acid, and volatile oils ; while the use of antiseptic salts, such as those of 
aluminium, mercury, copper, lead. &c. is inadmissible, because the residues, which 
always contain a portion of the colouring matter, would be contaminated with metallic 
oxides, and could not then be rendered available for dyeing, in the form of garanein 
or garanceux. (See Hofmann’s Report on Chemical Products and Processes in tfte 
International Exhibition of 1862.) 

7. Madder Lakes. — These lakes, which are obtained by precipitating aqueous 
extracts of madder or its derivatives with salts of aluminium, iron, tin, &c., but espe- 
cially with aluminium-salts, possess a degree of fastness which withstands the strongest 
agents. They are, however, but little used in dyeing and calico-printing, on account 
of their high price, but are extensively employed as artists’ pigments. For the prepa- 
ration of an aluminous madder-lake, see Lake (p. 466) ; also lire’s Dictionary of 
Arts, iii. 15. 1 * 

The residue of madder treated witli sulphurous acid by E. Kopp’s process, but not 
yet exhausted, yields, when washed with boiling water, a yellow liquor still retaining 
a considerable quantity of colouring matter or of rubian. This liquor, mixed with 
a salt of aluminium more or less neutralised, furnishes, on boiling, tine red or rose- 
coloured lakes, according as the proportion of aluminium-salt is greater or smaller. 

The same liquid mixed with milk of lime, produces, on boiling, a violet lime lake 
(a compound of alizarin and purpurin with lirne), which may serve for producing, by 
double decomposition, other compounds of the colouring matter with metallic oxides; 
or, if decomposed with heated hydrochloric acid, it will yield the colouring matter in 
the form of a yellow or brownish-yellow extract resembling colorin (p. 748). 

Valuation of Madder. The method usually adopted for ascertaining the value 
of any sample of madder, is to dye a certain quantity of mordanted calico with a 
weighed quantity of the sample, and compare the depth and solidity of the colours with 
those produced by the same weight of another sample of known quality. 

Th i hi ergo (K6p.Chim.app. 1803, p. 157) proposes to estimate the value of a 
sample of madder by precipitating the alcoholic tincture obtained by treating madder 
with 100 times its weight of alcohol, with a standard solution of neutral acetate of 
'cad. A similar method was proposed some time ago by Basset, who, however, weighed 
lie precipitate. Thibierge states that the colour of the precipitate obtained, especially 
if controlled, by that of the precipitate produced by stannous chloride, is sufficiently 
iliaracteristic to detect the presence of any adulteration. The method of precipitation 
with 4 standard solution of acetate of lead is certainly expeditious, but it remains to 
tliat tIlP precipitation is regular and complete, and that the result is not 
pa by the presence of any foreign body extracted from the madder by alcohol, 
adder is sometimes adulterated with sand, clay, brick-dust, ochre, saw-dust, bran, 
bark, logwood, and other dye-woods, sumach, and quercitron-bark. Some of these 
®t®reiions arc difficult, to detect. r l hose which contain tannin may bo discovered 
>y the usual tests for that substance, since madder contains no tannin. If the *&!* 
eration is of a mineral nature, its presence may be detected by incinerating a weighed 
[uantity of the sample. If the quantity of ash which is left exceeds 10 per cent., adul- 
eration may be suspected. - ? 

MABDBR, EAST INDIAN. Munjeet. 

MADREPORES. Calcareous concretions produced by polypi, placed at the 
of calcareous ramifications which are fixed at their baseband perforated by 
i^^rpus pores. 

IIULOIBTERY. A term formerly applied to certain white precipitates; 
larid fiitrate of bismuth thrown down on adding water to a solution of the jftytelill 
gj|cid, /was called magistery of Irismuth . ‘ . ^ 

A precipitate or mass of crystals, or mixture of substances in * paltry 
Mltete. * ** 

ULm The oxide of magnesium (p. 754). * ' 

AX.BA. A pharmaceutical preparation consisting of a mertnre 
f*|veral hydrocarbonates of magnesium obtained by precipitating a soluble magneaiura- 
jpth an alkalino carbonate. (See Carbonates, i. 788.) 

BIA VIOEA An old name for black oxide of manganese (q. V.) ~ 

^^^® nate of mH g nesium - (See Cabbomatm, i. p. At) . 
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ytA OWllflltJM. Syn. Magnimn, Symbol Mg; Atalftie weight Mg , «■* 1 2- • 

This metal is usually classed with those whoso oxides coiaatitutClhA alkaline oA&as ; 
but it is much more closely analogous to zinc than to any other element. It occurs in 
the mineral kingdom, as hydrate, carbonate, borate, phosphate, sulphate, chloride. Aw 
nitrate, sometimes in the solid stato, sometimes dissolved in various mineral waters 
(including salt springs), and in sea-water; in a variety of minerals, consisting or 
silicate of magnesium combined with other silicates, as in soap-stone, meerschaum, 
steatite ophite, tolito, anorthite, hornblende, asbestos, talc, augite, chrysolite, —-and 
combined with aluminium, in spinel and zeilanito. It also wears in the bodies of 
plants and animals, chiefly as carbonate and phosphate, and in combination with 

Ort 0ur acquaintance with the compounds of this metal docs not date from early times. 
The knowledge of carbonate of magnesium or ma^wsia «//»«/, as a medicine, was firs 
promulgated from Rome in the beginning of the eighteenth century. V ulentin in 17 7 
Snd Slovogt in 170U, subsequently found the saint* earth m tlie mother-liquor of salt- 
petrifand m Epsom salts. W.minn, Black, Margraf, and Bergman pointed out the 
characters which distinguish it from lime, with which it was at first confounded. I)a>y 
tTob Sm it the metal magnesium, which Bussy succeeded in preparing in a 
state of greater purity. It has since been obtained in much larger quantities by 

Bunsen MatthioHsen, and Deville and Caron. . . 

Preparation of the metal.— \. By heat ing the anhydrous chloride with potassium in 
a porcelain or platinum crucible. When cold, the contents of the vessel are d«g™t*d 
in 1 cold water, by which the soluble chlorides are dissolved out and the met.il is loftos 
a it rev powder, which can be united into globules. (Hussy, 1 ogg. Ann xu i. HO.) 

% VW/!e ]}ectroh,sis of the fused chloride. A porcelain crucible is divided 111 it* 

and filled wit li fused chloride of magnesium ; and the salt is subjected to the net ion of u 

CtSol 10 ainc element. The native 

* r, :S 

f ,r the • be ur tabic is to fuse the mixture in a common , day tobacco p.poto*.#> 
0«O B rm* of Chloride rfny ~ 

100 fi-rms. of pulverise,! fluoride . f rah am j(i p,,,j I1( .d in globules, 

redness, in a cover, <1 earthen craobb 1 1 'h / ^ w of charcoal placed 

which tire afterwards heated nearly f wl ■ . •- , . , tri .,, nl ( >f dry hyurogen 

within an inclined tube of the same materia , ° g > ^ j upix*r part of the 


Magnesium on the I. 

*2 d 1 . am,,,a i ; , ]Xr bhiish-gtvY and dull. It a specific 

tSES^rJ: 

«%h. »t..«l.n^ the rh.nrtdso f m aenr.l,. m «*»«<***#!***#>" 

Sod the proportion of anhydrous •*’! prewnt. . 
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alter in a ary atmosptiere, Bat, in damp air soon becomes covered with a film of hviW. 

£?**&}£ * edn « 8S in the <£. orin oxygen gas, it burns with a didii* 
Muish-white lighWand forms magnesia. The light of burning magnesium is remarlf 
sJSWjr rich in chemical rays, and may be used for taking photographs. It decora Dose 
P W *?}. d * ateT but » lowly, acidulated water very quickly ; when thrown on aqueous 

i jEe lone add, it takes fire momentarily; strong sulphuric arid, dissolves it but 
WfW a mixture of sulphuric acid and filming nitric arid does not act upon it at or 
‘^TOary temperatures. It burns when heated in chlorine gas ; also in bromine-vapour 
tnough with less facility : in sulphur and iodine-vapour very brilliantly (Bunsen) It 
unites directly with nitrogen , forming a transparent crystallised nitride Mtr a N* 
(Deville.) ’ 6 

Magnesium forms but one series of compounds, in which it is diatomic, e.g. : 

The chloride Mg"CT - 24 -i- 2 . 3 65 ~ 96 0 

The oxide Mg"0 = 24 + 1 6 = 40 * 

MAOMBIirM, BROMIDE or, MgBr 2 , is found in sea-water and in numorous 
salt springs. It is produced by heating magnesium in bromine-vapour, or by Dassinir 
the vapour over an ignited mixture of imignesia and charcoal. In the anhydrous 
state, it is a white mass of crystalline aspect, which is not fusible below a red heat 
and not volatile. It deliquesces rapidly in the air, and dissolves in water with 
hissing noise and evolution of heat. The solution, which may also be produced bv 
dissolving magnesia in hydrobromic acid, yields, by evaporation over oil of vitriol 
crystals containing 3 at. water. When evaporated hy heat, it gives off part of its hv- 
tlrobromic acid, and leaves a mixture of magnesia and bromide of magnesium 

MAWMTOM CHLORIDE OP, MgCf* i, an ingredient of soa-wate’r and of 
many salt-springs and other mineral waters. It is produced when magnesium burns 
in chlorine gas also by passing a stream of chlorine over an ignited mixture of 
magnesia and charcoal. This however, is not a good mode of preparation, because 
the chloride of magnesium has but little volatility, and docs not separate easily from 
. Ne, ', llcr ?‘ n ,ho anhydrous chloride be obtained by dissolving magnesia 
in hydiochloric acid and evaporating to dryness, because it is then partly decomposed 
by the water, giving off hydrochloric acid and leaving magnesia. The best mode of 
preparing it is to evaporate to dryness a solution of magnesia in hydrochloric acid 
mixed-frith eel-ammoniac, and ignite the residue ill a platinum crucible. A double 
chloride of magnesium and ammonium is thus formed, from which the wator is oxpellod 
before it cun decompose the chloride of magnesium; and at a higher temperature the 

do ^ le . . chl ° rlde '« likewise decomposed, giving off sal-ammoniac, and 
living pure chloride of magnesium. 

a chloride of magnesium is a white translucent mass consisting of large 

,.uT K„3ST "T P* ftt c s - having a pearly lustre, and sharp bitter taste. It melts to a 

S '*”** hq ” d at “ r , IoW , heat It dissolves readily in water, with considerable rise of 
ire. The hydrated chloride is deposited from a hot concentrated solution on 
n noodles and prisms containing MgCl*. «H*0. The crystals arc highly deli- 
dissolve in 0 6 pte. Of cold wator, in 0 273 pts. of hot water, and in 2 pts. of 
specific gravity 0 817. F 

Unit , eS Wlt !’ . ,h " aIkuline chIorid “- The potassium-salt, 

1 .611 O. crystallises, by careful evaporation from the lost mother-liquor of 
sea-water in rhombohodral crystals. — The sodium-salt contains according to Posit i ale 
(CoWpt. rond. xx. 1 1 30), NaCl.MgCP.H'O. , B -fog^ial o 

MAOMSIUM, DETECTION A NT# ESTIMATION OT. Magnesreni- 

!fe^ T lw8 ' ‘5»y conta i n * coloured acid. The carbonate, boS phns- 

phate, arsenate, arsemte, and many of the organic salts, are insoluble in water- but 
tiicso salts are soluble in a solution of chloride of ammonium ; most of the 
ot|gl|niy soluble. 1 ho aqueous solutions have a bitter taste. AH magnesium-salts, 
the ignited metaphosphate, dissolve in hydrochloric acid. 

*** d 'y may.— All magnesium-salts containing volatile acids 
■ggi de composed by ignition, leaving a residuo of magnesia. Magnesium-salts heated 
^pe^the blowpipe with a small quantity of nitrate of cobalt, b^ve a toM^toSt 

s » l «0°»j —‘ Solutions of magnesium-salts are not-precipitahd 
eulphydne acV or sulphide of ammonium. The fixed alkalis and ' 
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white precipitate, insoluble in excess of ammonia ; but if the solution previously ejm- 
tainedan excess of acid, no precipitate is formed, the magnesium being kept in s<MUtH% 
by the ammoniacal salt produced, and even when the original solution is neutral, only 
a part of the magnesia is precipitated, the rest being held in solution in the 8&n#.: a 
manner. Maguesium-salts are not precipitated by carbonate of ammonium, ferfri* 
cyanide of potassium, or alkaline sulphates. Baryta or lime-water added t6‘ the 
solution of a magnesium-salt forms a precipitate of hydrate of magnesiugiu This 
reaction affords an easy method of separating magnesia from the alkalis. 

Ordinary phosphate of sodium added to a neutral solution of a magnesium-salt pro- 
duces a gelatinous precipitate of phosphate of magnesium, soluble in nitric or hydrochloric 
acid; but if ammonia be then added in excess to the acid solution, a precipitate of 
phosphate of magnesium and ammonium, Mg"(NII 4 )P0 4 , is formed, which is flocculent 
or gelatinous at first, but soon becomes crystalline, especially on agitation. The samo 
pfbeipitate is likewise produced on adding a soluble phosphate to the solution of a mag- 
nesium-salt already containing ammonia. It is an extremely delicate teat of the 
presence of magnesia. If the solution is very dilute, the precipitate attaches itself in 
crystalline grains to the sides of the vessel. According to Hurting (J. pr. Chern. 
xxii. 60), a solution containing ouly _JL- of magnesia, gives a precipitate, after 2* 
hours with phosphate of ammonium mixed with free ammonia, provided the latter so- 
lution is highly concentrated and added in equal quantity. Oxalic acid or acid oxalate 
of potassium precipitates neutral magnesium-solutions, provided no ammoniacal salts 
are present. 

3 Quantitative Estimation and Separation.— When magnesia occurs in .ft 
solution not containing any other ftfced substance, its quantity may he determined by 
evaporating to dryness, igniting the residue, then moistening it with sulphuric acid 
slightly diluted with water, and expelling the excess of that acid at a low red heat: 
sulphate of magnesium then remains, containing 337 per cent, of magnesia, or l\) 2Z 

ner cent, of magnesium. . , . .. . , 

If tho solution contains other fixed substances, the magnesia must be precipitated 
hv the addition of ammonia in excess and phosphate of sodium. I lie precipitatmt 
ammomo-magnesiun phosphate does not settle down at once, but its . opoMitiun may be 
accelerated by leaving the vessel in a warm place. Care must be taken, however, not 
to allow tho liquid To get very l.ot, as in that, case, hydrate <;t magnesium Will he pre- 
eipitated, and will be very difficult, to rodisxolve. The precipitate, after standing for 
about two hours, is collected on a filter and washed with water containing ammonia, as 
pure water decomposes it. It is then dried and ignite-b whereby it ,s converted in o 
pyrophosphate of magnesium, 2Mg*O.I“0» or Mg'I'-O', «»ut»uuii B MM per cent. 

niiignesia, or 2162 per cunt, magnesium. . . ^,1 

From the heavy metals, magnesium may be separat.il, either by HidphydHeMd 
or by sulphide of ammonium ; from aluminium and then u’l* me a h t> 
proper, also by sulphide of ammonium. In precipitating by sulphide of ainmomum^ 
however, it is necessary to guard against the Himuftanoons precipitation of sj "dig*** 
titics of magnesia, for which purpose the ammoniacal liquid should bolmilo d, bggr^ 
filtering, till' tho excess of ammonia is ex polled ; any magnesia that inay hav e bSgjgjff 
cipitated will then he rodissolvcd (II. Hose, I J ogg. Ann. ex. 411). o 

‘Star's S; “h... ...» - ~ — -a w •vzz-' fiiir. 

J Calcium by oxafafeo/ammoutam, with aildifm of .clilon.t.iof ammon.um.topwven .tho 
ipitation of the magnesia. When, however, the qimutity of ealmum 

^ ©rt 


precipi 

small 


in proportion to tho magnesium, this mode of 

i; and it is better, according to Sclieercr (Ann. lh. Fharm. <x. 

0 metals into sulphates ; dissolve the sulphates in water, car *j*., - 


results. 

the two metals into sulphates ; -- t—— : ,/ ■ , . , a* 

with stirring, tiU permanent turbidity is produced; leave the liquid to lheU^W 

teb time the sulphate of calcium will be compUdcl^ prccipimt^^rtlg 


hours, by winch time the sulphate - t n „ fllfc 

, -with a small quantity of sulphate of magnesium .wash the precipitate on a flit- 
t'Hcohol diluted with an equal volume of water ; then rcd.ssolvo t in water, add 


pitn an equal vuiumc ui , — -- - . -at 

cUoric acid in excess, an3 precipitate the lime with oxalic ac'd and ^inom.ij.^ 

lildte sulphuric acid, which extracts the magnesia in the form of sulgl»to, 
fette, containing the alkalis together with the excess of 
sulphuric arid, whiehprecipitntcs the baryta, and converts th. allmlis iuto^ulpluW. 
Magnesium may also be separated from % nlkali-metals by m< ans at mtrcupeoXUU. 
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The eolation, froth which ail metals except those of the alkalis and magnesium hare 
.been removed, and which must jjontain no fixed acid, is digested with excess of finely 
divided mercuric jMUifc ; the whole evapomtod to dryness, and the residue heated to 
drive off the magnesium then remains as magnesia, and the alkalis can 

be washed out wipfSpISv ? * 

Chancel (Comjp^rrend. r^yVecommends the following method. The magnesia is 
preci pi toted- from! solution containing sal-ammoniac and freo ammonia, by phosphate 
of ammonium ; the filtrate is evaporated to dryness; the residue carefully ignited to 
expel arotfiShniacal salts; then redissolved in water; and the solution is mixed with 
nitratq, of silver and a slight excess of carbonate of silver. Alter filtering off the 
phosphate of silver (and chloride, if the alkalis existed in the solution as chlorides), the 
excess of silver is removed from tho filtrate by hydrochloric acid, and the alkalis are 
estimated as chlorides. 

4. Atomic Weight of Magnesium . — Berzelius found that 100 pts. of magnesia, 
dissolved in pure sulphuric acid and ignited, g ive 293 8-3 of sulphate of magnesium, 
Mg'SO 4 , whence the atomic weight of magnesium would be 25*24, a result too high 
according to later experiments. 

Scheerer (Fogg. Ann. Ixix. 135), by determining the quantity of sulphate of 
barium produced from a given quantity of sulphate of magnesium, found fcr magnesium 
the numbor 24*2. The results of Svanberg and Nordenfeldt (J. pr. t’lioni. xlv. 
473), obtained by the decomposition of oxalate of magnesium (Mg"O0 '.211*0), made 
it 24*7 ; those obtained by converting a known weight of magnesia into sulphate 
gave it as 24 74 ; whilst those of Marehand and Schooror (Ann. Ch.Fharm. Ixxvi. 
219), obtained by igniting the native carbonate (magnesite), gave the number 24 04. 
Dumas (Ann. Ch. Fhys. [3] lv. 129) attempted to determine the atomic weight of 
magnesium by precipitating the chloride with nitrate of silver, but he found the 
greatest difficulty in obtaining the chloride free from magnesia. The mean of eleven 
experiments gave Mg" — 24 G. 

The mean of all these results is 24 32, but those of Marehand and Scheerer are 
generally regarded as the most trustworthy. Moreover Scheerer lias lately shown, by 
his method of separating calcium and magnesium above given (p. 753), that the 
Specimens of magnesite used by himself and Marehand in their determinations, con- 
tained small quantities of calcium not previously detected. He therefore considers 
that the number 24*04 found in those experiments was rather above than below the 
truth. On the whole, then, the atomic weight of magnesium may he regarded as 2 4. 

MAOVEBIUM, FLUORIDE OF. 01 •tained as a white tasteless powder by 
treating the carbonate with hydrofluoric acid, or mixing the sulphate with tluoride of 
potassium. It is insoluble in water and nearly insoluble in acids. 

IKaCWBSXUM, FLUOBORIDE OF. See Bokofli omims (i. 034). 

, MAOVESHTM, FLUOSILICIDE OF. See Siijcofluoridks. 

KA.ORE8IUM, IODIDE OF. Obtained by evaporation of its solution, as a 
difficultly crystallisuble hydrate, which deliquesces in the air, and when heated gives 
ofir hydriodic acid and leaves pure magnesia. 

JMtA.CfrXffESXUZVr, NITRIDE OF. Mg-N 2 .— Devi lie and Caron (Compt. rend, 
xliv. 394), by distilling impure magnesium, obtained a black residue, and a distillate 
of magnesium covered with small transparent needles, which easily decomposed, with 
formation of magnesia and ammonia, and therefore contained a nitride of magnesium. 
Briegleb and Gcuthor (Ann. Ch. PharftTi cxxiii. 228) have obtained the same 
compound, in the amorphous state, by igniting metallic riiHgnesium in ammonia or in 
nitrogen gas; tho latter method giving t lie purest product. Nitride of magnesium 
thus prepared is a greenish-yellow amorphous mass, becoming brownish-yellow when 
hot. iHeatcd in dry oxygen gas, it oxidises to magnesia, with vivid incandescence. Ib 
is decomposed by air and water, the reaction in the latter case being violent enough 
.to make the water boil. Acids both dilute and concentrated, with the exception of 
strong sulphuric acid, form ammonium- and magnesium-salts, even in tho cold ; strong 
sulphuric acid, only when heated, and with evolution of sulphurous anhydride. Thu 
nitride heated in hydrochloric acid gas, yields chloride of ammonium and chloride of 
magnesium ; in sulphydric acid, the corresponding sulphides. Carbonic anhydride and 
dry carbonic oxide decompose it, at the heat of a strong air-furnace, with separation 
of carbon and formation of cyanogen. When vapour of pentachloride of phosphorus is 
passed over nitride of magnesium heated in a stream of nitrogen, the nitride is ^>n- 
yerted into a jpr#yish-whito substance, probably P 3 N i , according to the equation 

6PC1 3 + 5Mg s N* = lAMgCI 3 + 2P*N A . . 

"When nitride of magnesium is heated to 160° —180° in a sealed tub&with oxvchloride 
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of phosphorus, and the excess of oxychloride is distilled off, there remains a residue 
which melts at 220°, and dissolves completely in wate^. with great evolution of heat, 
forming a solution which gives, with acetate of barium, a precipitate of metaphosphate 
of barium. Absolute alcohol and iodide of ethyl do not act ^ Made of msguesium, 
oven at 160°. ^ ;* ^ 

MAOWBSitTM, OXIDE OF. Magnesia . MgO'.^This etdcth , which is the 
only known oxide of magnesium, is producod in the form of^whito amorphous 
powder, when magnesium burns in the air or in oxygen-gas, and remains in the same 
state when the carbonate, nitrate, or any other salt of magnesium containing a volatile 
acid, is ignited in the air. It may be obtained crystallised in cubes and regulal^octa- 
hodmns. by strongly igniting amorphous magnesia in a stream of hydrochloric acid gas 
(II. Dovilie, Ann. C’h. Pharm. cxx. 280; Jahresb, 1861, p. 7); also, according to 
l)oJjray and Kuhlmann (Ann. Ch. Pharm. cxx. 283), by strongly igniting a mixture 
of sulphate ot magnesium and an alkaline sulphate in a platinum crucible, so that the 
magnesia separated by the heat may crystallise from the fused alkaline sulphate. A 
mixture of mtignesia and ferric oxide, strongly ignited in hydrochloric acid gas, yields 

a mixture of shining black octahedrons of magno-ferrite, MgO.bVO* or O 4 , 

and slightly colourod regular octahedrons of magnesia containing a small quantity of 
iron, exactly resembling periclaso, a mineral consisting of magnesia with 1 part in 25 
of ferrous oxide, which occurs disseminated through ejected masses of whilo lime-stone, 
and in spots of clustered crystals, on Monte Somma. 

Ordinary calcino<l magnesia is prepared by gentle but prolonged ignition of the car- 
bonate. It is a fine, white, very bulky powder, of specific gravity 3 07- bo 3*200, 
increased by ignition in a pottery-furnace to 3 6 1 (H. ltoso). It melts only at the 
very highest temperatures, as in the oxyhydrogon blowpipe flame, to which it imparts 
a pale red colour, and is then converted into a sort of onamol, which scratches glass 
liko a diamond (Clarke). It is tasteless and inodorous; changes some of the more 
delicate vegetable colours, as that of moistened red liLmus jiajier, like the alkalis; it 
is not caustic. It is partially decomposed by potassium at a white heat. It is very 
slightly soluble in water; in 55,368 pts., either cold or boiling, according to Fro- 
sonius (Ann. Ch. Pharm. lix. 117), the solution having a faint alkaline reaction. 

A hydrate of magnesium, MgJPO 2 , occurs native in rhnmbohcdral forms, as brucite 
(i. 684), and is precipitatod as a wliito powder on adding potash, soda, or baryta-water 
in oxcess to the solution of a magnesium-salt. 


MAOMTESIVM, SULPHIDE OF. A sulphide of magnesium is obtained, mixed, 
howovor, with mtignesia, by heating a mixture of charcoal and sulphate of magnosium. 
A puror product is obtained by adding to the proceding mixt ure, an alkaline porsulphide, 
or a mixturo of carbonate of sodium with excess of sulphur. According to Fr6my, 
sulphido of magnesium is easily produced by passing the vapour of sulphide of carboy 
over red-hot magnesia. 

Solutions of mtignesia are not precipitated by alkaline sulphides, but on mixing sul* 
phato of magnesium with sulphide of barium, sulphate of barium is precipitated, and 
sulphido of magnesium remains in solution. Sulphide of magnesium is liko wise 
obtained by passing sulphydric acid gas in excess into water containing Diagnosis in 
suspension. A solution of sulphide of hydrogen and magnesium is t hen formed, which 
is decomposed by boiling, into sulphydric acid, and a white gelatinous mass of sulphido 
of magnesium. 

Sulphide of magnesium forms double salts with sulphide of carbon, and with the 
sulphides of arsenic. 

Sulphide of magnesium is decomposed, by the continued action of water, into mag- 
nesia and sulphydric acid. The presence (if that acid in mineral waters may, perhaps, 
be accounted for by the existence of sulphido of magnesium in the strata through winch 
those waters percolate. (Pelouase and Fr£my, Trade, ii. 286.) ^ 

MAOIT1I8XUM-ETHTL. Mg(OH*) a . — When iodide of ethyl is added to 
magnesium- filings contained in a strong narrow glass tube, an action immediately 
takes place, Attended with rise of temperature, and evolution of a considerable 
quantity of gas containing ethylene, and apparently also ethyl and hydride of ethyl. 
If the tube, after being cooled with cold water, l>e sealed and heated for some hours to 
120° — 130°, the contents solidify to a white nmss, which, when subsequently distilled, 
yields a residue of iodide of magnesium, and a distillate containing undecomposed iodide 
of ethyl, and magnesium -ethyl, which may lx* separated by fractional rectification; 

Magnesium-ethyl is a colourless liquid, having a strong alliaceous odour, and boiling 

a higher temperature than iodide of ethyl. It bikes fire in the air, and decomposes 
water with violence. (Cahours, Ann. Ch. Pharm. cxir. 227, 364; Jahresb. 1869, 
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p. 416. SeeaboiAllvleh^t^Sqhaiari^Aia. Oh. Xbameix. au ; 

^ Mtijaeaiam-etbyl forms n^&BMhr-cw?t&Mised double Balt with iodide of magnesium 
probable formula, MgC*lpL ,~|pra tmlyn.) 

MJkOVBaxm^i matmn is produced by the action of magnesium on iodide 
of methyl in a manner similar to the atyX/fc; $*t' if likewise a mobile strong-smelling 
liquid, which insfently takes fire in the aiyy^ra&quickly decomposes water, with evolu- 
tion h gas and separation of magnesia. (C ah o u rs. ) 

;f ldHpnxc xaosr ORB. Native ferroso-ferric oxide (iii. 337, 397). 
: -^ v i33SS 'BTXC PYRITES. Ferroso-ferric sulphide {iii. 401). 

MAiffi^ gTTflM. It has been known from very early times, that the native black 
oxide of iron, or ferroso- ferric oxide (Fe 3 0 2 ) possesses, at cortain points of its surface, 
called poles, the power of attracting small pieces of iron. The Greeks gave to <rhis 
mineral the name of magnetes (fidyrrjrrts), from the village of Magnesia in Lydia, 
near which it was found in considerable quantity: hence the name Magnetism, ap- 
plied to the branch of science which treats of this peculiar kind of attraction, and of 
the various phenomena related to it. 

The attractive power of the natural magnet may be communicated to iron and stool 
by contact, the attractive power thus developed continuing, in soft iron, only so long as 
the contact lasts, whereas, in hard iron, and more especially in steel, it continues after 
separation from the natural magnet. A bar of steel rubbed lengthwise, and in one 
constant direction, with the pole of a natural magnet, becomes itself a magnet, capable 
of attracting iron, and imparting its power in like manner to other bars of steel. 

Another mode of imparting magnetism to iron or steel is by the action of an electric 
current or discharge, as already described in the article Ei.kctricity (ii. 448). A steel 
bar, placed within a helix of wire through which an electric current is passed, becomes 
a permanent magnet. Liist.ly, as we shall presently explain more particularly, a bar 
of iron or steel may bo rendered magnetic by placing it ill a certain position relatively 
to the earth. 

The properties of magnets are the same in whatever manner their power may bo 
developed. 

There are only two other metals, viz. nickel and cobalt, in which the magnetic power 
can be conspicuously developed by the means above mentioned : in nickel it is con- 
siderable, but much less powerful than in iron ; and in cobalt, still loss. All other 
j^odies are, indeed, more or less susceptible of magnetic influence, but they exhibit its 
effects only whou subjected to very powerful electric or magnetic forces ; and, in ninny 
W03, the mode of manifestation is very different from that which is exhibited by iron. 
See' D iamagnetism (p. 770). 

Distribution of Magnetic Power . — In a magnetised steel bar, as in the natural magnet, 
the attractive power is not uniformly distribute, but is more or less concentrated in 
certain points called poles, situatod at or near the ends of the bar, whence it dimi- 
nish^ with greater or less rapidity and regularity towards an intermediate point, or 
rather line, called the median line, generally in the middle of the bar. This may be 
shown by rolling tli e bar in iron filings, which then attach themselves in clusters round 
the ends, leaving the middle bare, as in fig. 716, If the two polos have equal attractive 


Figs. 716. 




Fig. 717. 





Fig. 718. 



power, and are situated at equal distances from the ends, and the power diminishes 
from each of them at the same rate towards the middle, the bar is said to be regularly 
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magnetised. This, Wey*, is not alway* t^^ flonMrtimee | magnet exhibits 
more than two poles, as shown mjh. 717. ^ 

Direction of a freely upended Maymtio ^jJHPTxegularly magnetised steel 
bar is suspended by its centre of gravityfhmf a.tfcafptbont torsion, or supported by 
an agate cap on a steel point, as in fig. 71% up .that i Mpm freely in a horizontal 
plane, it takes up a particular position wj^rfcpect to mTp&les of the earth, one end 
pointing more or less exactly towards tbpM the other to the Bouth. A bar-magnet 
thus suspended is called a m\gn e tie^eMl e, though the so-called needle is some- 
times a stout bar weighing several pounds. Small needles arc sometimes madfej C Ila t 
lozenge-shaped bars of steel, like that represented in jig, 718, ; , '•**, 

The particular angle which the bar in its position of equilibrium makes with the 
geographical meridian is different on different parts of the earth’s surface, and varies 
ut the mime place at different times. In some parts, the suspended magqet points 
exactly north and south ; in London, at the present time (1864), the direction is north- 
west and south-east, the position of equilibrium making an angle of 20° 46 - with the 
geographical meridian. 

The vertical plane passing through the two poles of the noodle is called the mag- 
netic meridian of the place, and the angle which it makes with the geographical 
meridian is called tho declination. 


One particular end of tho suspended bar always points towards tho north, the Other 
towards the south. If the bar bo placed exactly in the opposite position, it may remain 
for a while in a condition of unstable equilibrium ; but the slightest disturbance will 
cause it to swing back to its former position, in which, after a certain number of oscil- 
lations, it will come to rest. The two ends of the bur are accordingly designated ns 
the north and south poles respectively.* Every regularly magnetised piece of iron 
or stool has two such poles, and two only, which are not interchangeable. 

If tho magnetic needle, instead of having its movements restricted to a horizontal 
plane, bo suspended by its centre of gravity, in such a manner that it can move freely 
in all directions, it places itself, not only in the magnetic meridian, but likewiao at a 
particular inclination to the horizon, which also differs according to the locality, ami 
varies in the samR place at different times. In London, at the present time, a freely 
suspended magnetic needle places itself at an angle of 68° 15' to the horizon, with its 
north pole downwards. A magnet, suspended so as to exhibit this inclination, is called 
a dipping needle, and tho angle of inclination is called tin* dip. 

The north pole of the needle dips throughout the greater part of the northern hemi- 
sphere, and the south pole throughout the greater part of the opposite hemisphere^ ami, 
between these two portions there is a line not deviating greatly from the earth s eqiu&ai^* 
on which tho neodle has no dip, but stands horizontally. In short., as will be torn, 
from what follows, the movements of a freely-suspended needle in different part<^tw 
the world, are such as may be accounted for by regarding the earth as a great magnet, 
tho northern hemisphere exhibiting southern, and the southern hemisphere northern 
magnotic polarity. (Seo Magnetibm, Terrestrial.) » 


Magnetic Attraction and Repulsion. y> v \ 

A piece of unmagnetised iron is attracted indifferently by eit her pole of a magnet, 
and, it need scarcely bo observed, that tho attraction is mutual, so that, whichever of 
the two is movable, will move towards the other; and if both arc movabl«\ they will 
approach one another with velocities which are inversely as their masses. Hence, if a 
piece of unmagnetised iron or steel bo presented to either polo of a magnetic needle, 
the needle will move towards it. But, when a magnetised bar is presented to the 
needle, it is found that the north pole of the one attracts tho south pole of the Other, 
hut repels the north, while a south pole attracts a north pole, but repels a south. Tho 
general law of magnetic attraction and repulsion is then exactly similar to that of 
electric attraction and repulsion (ii. 376), viz. Similar magnetic jtolee repel , dissimilar 
poles attract one another . Hence, to determine whether any piece of iron or steel is 
magnetised or not, it is sufficient to present the several parts of its surface to a deli- 
cately-suspended magnetic needle : it every part attracts the needle, the piece of iron 
is destitute of magnetic polarity ; if. on the other hand, some parts attract, while others 
repel, the poles of the needle, the iron is shown to be magnetic, and the number and 
positions of its poles may be determined. 

Magnetic attraction and repulsion are not prevented by the interposition of any sub- 
stance not itBelf susceptible of magnetism. If a magnetic needle be deflected ftx»m it# 
natural position, by placing a piece of iron, or another magnet, near it, and allowed to 

* Sometimes by Rngllsh writers, and commonly by French author*, the pole which point* northwards 
[•railed the south pole (pile austral), and that which point* *outhward* the north pole (pile borfaJ} 
Ct the majmet. In order to avoid thi* confu*ion # Faraday sjwaks of thu pole which points northwards 
** the M marked pole.’* 
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settle itself in it& .position 
interposition of a screen 
interposed, the needle 
magnetic forces being 
The force of magne\ 
the distance between ths’ 



itioii w« not be disturbed by the 
ir, See . ; bat, if a plate of iron lie 
>w position, the distribution of the 
of the iron. 

ion varies inversely as the square of 
By the term pole we must hero 


understand the point of application of aifl the' forces exerted by one half of a magnet 
on any point of the other. It is evident, then,* that the poles must vary in position 
accdjWfog to the distance between the magnets ; but unless the magnets are very closo 
together, the distance 'between their poles will not differ sensibly from that which 
exists when the magnets are placed so far apart that all the acting forces may ho 
-<■ regarded as parallel. The poles, understood in this sense, do not of course coincide with 
the points of strongest attraction, which are generally at the ends of the magnet, hut 
are nearer to those points in proportion as the magnetic power decreases more 
, rapidly from the ends towards the middle. 

- This law of magnetic action maybe demonstrated in threoways: 1. By the. Torsion - 
construction of the magnetic torsion-balance is similar to that already 
deB<^ro*Sd;.(ii. 380) for the measurement of the electric forces, the shellac needle lasing 
replaced magnetic needle, and the shellac stem by a bar-magnet. The mode of 
exp^lll^^lig to determine the law of magnetic action with rogard to distance, is 
to that described at pago 381, vol. ii., for measuring the force of. 
Electric feftractio n and repulsion. 

2. By the Method of Oscillations. — Suppose a magnetic needle to be placed near a 
bar-magnet, with its centre on the prolongation of the axis of that magnet ; it will then 
place itself in the direction of that axis, and if disturbed from that position will 
oscillate backwards and forwards, and ultimately settle in its original position of equili- 
brium. Now the oscillations of the needle thus vibrating under the influence of magnetic 
attraction, are regulated by the same laws as those of a pendulum oscillating under the 
influence of gravity, that is to say, the squares of the times of oscillation are invm'sely as 
the attracting forces. Supposing then the power of the magnet and needle to remain 
constant during the experiment, the diminution of the attractive format different 
distances may be measured by counting the number of oscillations which the needle per- 
forms in a given time at different distances. It is necessary to observe, however, that, as 
oscillations of the needle are determined by tile magnetic force of the earth as well 
|| by that of the magnet, the terrestrial force must be either compensated or allowed for. 
^Vj*o simplify the calculations as much as possible, the experiment may be performed 
with an {istatic needle , that is to say, a system composed of two magnetic needles of 
ip&il power, joined together parallel to one another, but with their poles in contrary 
(Rreetions, by a small piece of straw or copper wire passing through their centres of 
gravity (ii. 413); such a combination will evidently place itself indifferently jn ull 
positions relatively to the magnetic meridian, because the magnetic force of the earth 
acta on the two needles composing it with equal force but in opposite directions. Now 
let one of the poles of such a needle be brought near the contrary pole of a bar-magnet* 
of^ettch a length that the action of its farther pole may be left out of account. The 
liHtanee bfl^Jtreey the poles of the magnet and needle is then to be measured, the 
rv eedi<^|B<g^to vibrate, and the number of its oscillations performed in a given time, 

^ jjlled. le is then removed to a greater distance and the experiment is 
repeated!* 'if then m and m are the magnetic forces at the distances d, d\ and n, ri the 
numbers of oscillations in the same time ; we have ri 1 : n" 1 «= m : m. 
NowRp&*rim enfc shows that the quantities, », ri d, d ' are related by the equation 
n z i d y that is to say, the number of^osciliutions in a given time are inversely 

as the distances ; consequently 

m : m' = d n : d * 


The same result may be attained by the use of a needle not rendered astatic. Let 
2i be the number of oscillations which it makes in a given time under the influence of 
the earth s magnetism alone ; n the number performed in the same time under the joint 
influence of the terrestrial force and that of a magnet placed at a certain distance from 
the needle in the magnetic meridian ; and ri the number performed in like manner 
when the magnet is removed to a greater distance. If then the nmgnetic forces of the 
earth, and of the magnet at the two distances mentioned, be denoted by F, »i f ml 
respectively, we shall have 

N* : ri* « F: m + F 
and N* : *=■ F : m + F 

- therefore ri* — N 1 : ff 1 » m : F 
and ri* — N 7 : iV 7 «=» m : F 
and finally m : m =*= ri* — N * : n'* — 2P. 




an it were, from the two pole«. Now these curves are clearly the graphic expression of 
the law of magnetic attraction and repulsion with regard to distance : for each of the 
filings under the influence of the magnet becomes itself a small magnet, the poles of 
which place themselves in a position determined by the resultant of the forces exerted 
upon them by the two poles of the magnet ; and this position of equilibrium variee ^ 
acceding to the distance of the filing from the two jades respectively. In fact, asmftB^ 
magnetic needle, placed on any part of the paper, will sett le itself in the direction of fc 
fangoht to the curve passing through that point. If placed on any point of 'I mp 
prolongation of the axis of the magnet, it will take up a position parallel to that axia '• 
urith itd poles arranged consecutively witli thoso of the bar-magnet ; at any point on the 
line 'drawn through the centre of the magnet at right angles to its axis — every point 
of which line is equidistant from the two poles — the needle will place itself parallel to 
the bar-magnet, with its poles in the contrary direction ; and in uny intermediate position, 
the needle will place itself obliquely to the magnet, its inclination increasing with the 
difference of its distances from the two jades. *• *»$► 

If then the mode of generation of the magnetic curves — or, what comes 0 the flam* 
thing, their general equation — can be determined, the 4aw of force %i£Jl jjftgard to 
distance may be deduced from it. The curves may be obtained in a state eontenumt 
for measurement by forming them over a plate of glass in the manner above. 
and laying upon it a sheet of paper covered with gum or starch paste. In th is manner 
the filings will be fixed on the paper, and the curves may be measured. 

Ily careful measurements of the curves formed by the joint aetion of two njagneiio 
poles, either contrary or similar, on iron filings or infinitely small magnets, Itoget has 
determined the following law : The difference of the cosines of the angles formed with the 
magnetic axis ( the line joining the two poles) by lines drawn from these two poles to any 
point ef a magnetic curve, is a constant quantity, the two anglts being taken on the same 
side of the axis. 9 

Hoget has described an instrument for tracing the curves by continued motion, 
founded on this property, and has also given the following method for describing them 
by points. * . 

From each pole as a centre, and with any radii whatever, describe two circles; 
produce the axis till it meets both these circles ; divide the whole length into any 
number of equal parts, and project each point of division perpendicularly on the two 
circumferences. If radii indefinitely prolonged be then drawn throoihthe centre of 
each circumference and the points thus determined upon it, these radii will intersect 
nne another in points belonging to the curves. 

If tho two acting poles are of contrary name, the curves are said to be converging 
{Jig* 719), and are the curvilinear diagonals in the direction of the magnetic axis of the 
Vol. UX X3C 
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quadrilaterals formed by the intersection of the rays. If On the other hand the two 
poles are of the same name, the curves are said to be divergent , their direction being 
that of the curvilinear diagonals perpendicular to the former. 

Now let A, B {fig. 720) be the two magnetic poles, M a point of the curve whose 
co-ordinates, referred to two rectangular axes, are x and y. Let AB be the axis 
of x, and its middlo point, O, the origin. Also let OA = OB =* A ; AM *= r ; BM = 
r'; angle MAB — *; MBA *» i. Then AP = A — x r cos i; therefore cos i = 

k - " - ; in like manner cos i — — X . Therefore, according to Boget's law, 


or 


v <* 


h — x A 
r — r 
k — x 
- xf r y 2 


constant; 
A + x 


+ x) 2 


constant. 


This is the equation of the magnetic curves, the upper or lower sign being taken 

according as the two poles are opposite or 
similar. 

From this equation, by the processes of the 
differential calculus, the expression of the in- 
clination of the tangent to the curve at any 
point may be found ; and as this tangent is 
the direction assumed by a magnetic needle 
having its centre placed over the point of con- 
tact with the curve, which direction is deter- 
mined by the resultant of the attractive and 
repulsive actions exerted upon it by the two 
poles A, B, it follows that the value of this 
inclination, properly expressed in terms of 
the distance of the point of contact from the 
two poles, will give the law of variation of 
tho intensity according to the distance. When these calculations are made, it 
is found, in accordance with tho results of the other modes of measurement above 
described, that the intensity of the force of magnetic attraction and repulsion varies 
inversely as the square of the distance. (See De La Hive, Traite de V Electricity tome i. 
note D, p. 592.) 


Fig. 720. 



Comparison of the Power of different Magnets. Distribution of Magnetism. 

The old method of comparing the power of magnets, or of different parts of the same 
magnet, consisted in ascertaining tho weights which they were capable of supporting. 
This method, however, can give only a rough approximation to the truth, inasmuch as 
the weight which a magnet can support deponds in great measure on the manner in 
which the weight is applied, and on the rate at which it is increased. When the weight 
witl\ which a magnet is loaded is very gradually increased, it is found to be capable of 
supporting a much larger weight than could be supported by it if applied all at once. 

Much more exact results are obtained with the torsion balance and by the method of 
oscillations, both of which methods have been applied to this purpose by Coulomb. 

To compare the force of two or more r^agnets by the torsion balance," these magnets 
are introduced successively through the hSe m {fig. 873 ; ii. 380) and the needle of 
the balance is kept at a constant angular distance by twisting the thread through differ- 
ent angles, which are to one another as the forces to be overcome. When the method 
of oscillations is employed, the magnets are placed successively at a constant distance 
from the needle, this distance being so great that they cannot alter the distribution of 
its magnetic power. 

Magnetic Moments . — Another mode of comparing the power of magnets is to place 
each of them successively in a small stirrup suspended from the thread of the torsion- 
balance, so that the magnet may remain in the magnetic meridian when the thread is un- 
twisted. The thread has then to he twisted through different degrees, so as to obtain 
for each magnet the same angle of deviation from the magnetic meridian. The angles 
of torsion thus found represent what Coulomb calls the magnetic moments of the 
several bars. It is evident that the magnetic moment depends both on the magnetic 
intensity of the bar, and on the distance of its poles from the axis of suspension. 

Distribution of Magnetism . — To measure tho relative attractive or repulsive forces 
exerted by the different parts of a bar-magnet. Coulomb introduced a vertical wooden 
rule into the glass case of the torsion-balam e, in such & position that it touched the 
needle of the balance which rested in the magnetic meridian when the thread was 
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untwisted. At the back of this rule was a vertical groove in which the magnet to be/ 
tested was made to slide up and down, so as to bring the several parts of its length 
opposite to the pole of the needle of the same name as the half of the bar which was 
presented to it. The needle was thereby repelled ; and to bring it back to its original 
position, the thread had to bo twisted through a certain angle, which measured the 
repulsive force exerted. The bar was then shifted in the groove, so as to bring another 
part of it opposite to the pole of the needle, and a similar experiment was made. 
The magnetic bar being very close to the needle, it is only the points very nearly on a 
level with the needle that can exert any sensible influence over it, those which are 
even a few millimetres above or below, noting too obliquely. 

In applying the method of oscillations to the same purpose, a small needle, magne 
tised to saturation, so that its magnetic state may not lx* altered by the action of the 
bar, is made to oscillate near different, parts of the bar. Denoting by w, )>*' the magnetic 
intensities at two different points, and by N % «, n the number of oscillations made in 
a given time, under the influence of the eart h alone, and under this influence addin') to 
that of the two points of the bar under consideration, we And, as on page 768, 
m : m' «■ n 3 — IV’* : n 3 — N 2 . 


Either of these methods gives directly the relative magnetic intensity of any part, of 
a bar, excepting at the extremities, fur which the intensities found by direct experi- 
ment must be doubled, in order to give the true force at these points, as compared with 
the rest: for the power observed at these extreme points would evidently bo double 
of wlmt it actually appears to be, if the magnet woro prolonged, so as to present, beyond 
these extremities, points of equal magnetic force with those which are wit hin them, as 
is the case for every other part of the bar. 

The results obtained by these methods may be represent oil graphically by erecting, 
at the several points of a horizontal line representing u magnetised bar, perpendiculars 
whose lengths are proportional to the intensities observed ut these points. The ends of 
these ordinates form a curve like that represented in fig. 721. 

It is remarkable that for all rectangular or cylindrical bars whoso 
Fig. 721. length exceeds 20 centimetres (or 8 inches) the form of this curve, thut 
is to Hay, the distribution of the magnetism, is the same, excepting that 
the space in the middle, where the magnetic power is little or nothing, 
occupies a greater or smaller space according to the length oft he bar. 

The poles, that is to say, the points of application of the resultants of 
all the forces exerted on each half of the magnet by an infinitely small 
needle or magnetic element, placed at such a distance that all the lines 
of force may be regarded as parallel, correspond with the centres of 
gravity of the surfaces enclosed by the curves of intensity. Ilenco 
for all magnets of equal foree and longer than 20 coniine Ires, the 
poles are situated at the sarno distance from the extremities*, this 
distance, according to Coulomb’s calculation, is about 4 centimetres 
(about l ‘6 inches). In shorter bars they are situated at about two 
thirds of the distance from the centre to the ends. 

The preceding results apply only to magnets whose length is voiy 
great in proportion to thoir transverse dimensions, and in which the 


form is perfectly regular — that is, prismatic or cylindrical, and the. magnet isation likewise 
regular: in lozenge-shaped needles, the poles arc much farther from the extremities. 


Maonbtic Induction. 

It has already been mentioned that a piece of iron or steel placed in contact with a 
pole of a magnet, either natural or artificial, becomes itself a magnet. This actiort 
likewise takes place, though with diminished intensity, at a distance, and is not pre- 
vented by the interposition of non-roagnetic bodies. This effect is called magnetic 
induction, and the law according to which it takes place is precisely analogous to that 
of electric induction (ii. 384), viz. that. The extremity of the iron or steel nearest to the 
inducing magnetic pole , becomes a pole of contrary name , and. the farther extremity a 
pole of the same name ' as the inducing pole. Thus, suppose a bar of soft iron to be 
placed in contact with the north pole of a magnet ; on presenting a magnetic needle to 
its farther extremity, the needle will turn its south pole to the bar, showing that that 
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end has become a north pole. If the bar be detached and the inducing magnet re- 
moved, the polarity of the bar is immediately destroyed, and the needle returns to its 
normal position ; and if the south pole of the magnet be now placed contact with 
or near to the end of the bar, the needle will turn round and present its north pole to 
the farther extremity. The polarity of the end of the bar which is in contact with 
the inducing magnet, cannot easily be tested in a similar manner, on account of the 
contrary action of the inducing pole ; but if a short steel bar be substituted for the 
soft iron, and left in contact with the magnet for a few seconds, it will, on being sepa- 
rated, exhibit two poles, that which has been in contact with the pole of the inducing 
magnet being a pole of contrary name. 

Moreover, the iron or steel thus rendered magnetic by induction will act in a precisely 
similar manner on any other piece of iron or steel in its neighbourhood, developing 
polarity in it, if previously unmagnetised, and altering the distribution and intennry 
of its polarity if previously magnetised. Consequently, just as the electric polarity 
of a charged body is intensified by developing electricity in a neighbouring conductor 
(ii. 385) so likewise may the polarity of a magnetic bar be strengthened by inducing 
magnetism in a neighbouring piece of iron. Thus, suppose a bar of soft iron, B, to be 
placed in contact with the north pole of a steel magnet, A, in tho manner represented 
in fig- 722, B will then become a magnet with its poles disposed similarly to those of 


Fig. 722. 



A, and will act upon A, just as if B were the original magnet, and A the unmagnetised 
iron. The original polarity of A will therefore be strengthened ; and, in fact, it is found 
that a steel magnet is rendered more powerful and capable of supporting a greater 
weight, by leaving pieces of soft iron in contact with its poles. 

It will be easily understood, from the preceding explanations, that the attraction of 
unmagnetised iron by the magnet is not an isolated phenomenon, but merely a parti- 
cular case of the general law of the attraction between similar magnetic poles. This 
is also easily shown by experiment. Suspend a piece of iron, a key for example, from 
the north pole of a bar magnet; then bring the north pole of a second magnet in contact 
with tho first ; the key will be held with greater force than before, because tho two 
magnets polarise it in the same way. Now' turn the second magnet round, and bring 
its south pole in contact with the north pole of the first; tho key will immediately 
dropoff, because the second magnet induces in it a polarity contrary to that of the 
first, and reduces it to tho condition of unmagnetised iron. 

The case is, however, different if the two magnets act at opposite ends of the un- 
magnotised iron. Thus, let two magnetic polos P, P', {Jig. 723) bo brought in contact 
with the two ends of a bar of soft iron B, not more than two or three inches long. If 
the polos P, P', are similar, the iron will not be held up by them, because they tend to 

Fig. 724. 



polarise it in opposite ways ; but if the poles P, P' are dissimilar, their polarising actions 
will conspire, and the piece of iron will be held up with greater force than it would be 
by either of them alone. Hence also a magnet bent in the form of a horse-shoe (Jig. 
724) will hold a piece of iron placed across its poles, with greater force than a bar 
magnet of the same size and intrinsic magnetic force ; and by uniting a number of 
such horse-shoe magnets with their similar poles toget her, great power may be obtained. 

Another fact tending to show that the attraction of iron by a magnet must be pre- 
ceded by magnetisation of the iron is, that very hard steel, which acquires polarity but 
slowly is scarcely attracted by the magnet. J 
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It is easy to see that the poles n, of a pieec of iron laid across the j>oles of a horse- 
shoe magnet will strengthen its polarity; in fact, it is the constant practice to keep 
horse-shoe magnets, when not in use, with a piece of soft iron — thence called a keepe r 
— across their poles. In like manner the best way of preserving the power of bar 

Fig. 725. 



magnets is to lay two of them side by side in a box, with their poles pointing opposite 
ways and with keepers placed across them (Jig. 725). 

Mo l ecu Jar Con $ titutio v of Mo g n r t x. 

All the magnetic phenomena hitherto considered are consistent with the sup- 
position that the north polarity resides in one half of the magnet, and the south 
polarity in the other, each kind of polarity gradually increasing in intensity from 
the median line to the ends. Hut there are certain effects which show that mag- 
netic, like electric power, resides in molecules, not in masses. Take a steel wire 
regularly magnetised, and break it in the middle. It will bo found that, each half 
is a complete magnet, having a north and a south pole, with a median line between 
them ; and if each half be again divided in the middle, four complete magnets 
will be obtained, each having a north and a south pole, and so on, to whatever 
extent the division may be carried. This result is easily intelligible, if we suppose the 
original magnet to be a collection of molecules, each having a north and a south pole, 
and all the similar poles pointing the same way. It is easy to see that, in such a row of 
particles, as in fig. 726, the opposite polarities towards the middle of the series will 

Fig. 726. 



neutralise one another, and only those of the two extremities will be perceptible; but 
that, if the series be divided at any point, each half will exhibit polarity similar to 
that of the whole. That such a series of polarised particles really act h like an ordi- 
nary magnet, may be shown by partly filling a glass tube with steel tilings, and passing 
the pole of a strong magnet five or six times along the outside of it in one constant 
direction, taking care not to shake the tube. Tin? individual filings will thus be mag- 
netised, and the whole column, if presented to a magnetic needle, will attract, and repel 
its poles, just like an ordinary bar magnet, exhibiting a north polo at one end, a south 
pole at the other, and no polarity in the middle; but on shaking the tube, or turning 
out the filings and putting them in again, so as to destroy the regularifyof the arrange- 
ment, every trace of polarity will disappear. 

It is necessary, however, to observe that, in a single row of particles, such as that in 
fig- 726, each possessing equal magnetic polarity, the resultant polarity would be exhi- 
bited only at the very extremities. Now, this is not what is actually obscmsl in 
magnets ; and the difference must be attributed to the lateral actions of the particles 
in the several rows composing the magnet, one on the other. 

Prorrstsc s of M agnrti xrt ti ov. 

From what has been said of the molecular constitution of magnets, it is clear that 
the process of magnet isation must consist in polarising each separate molecule of which 
the bar is compost'd. Now, when a bar of soft iron is placed in contact with a mag- 
netic pole, the nearest particles become polarised by the direct influence of that polo, 
these polarise the next, and thus the polarisation is rapidly develop'd all along the bar. 
But hard iron and steel offer a certain resistance, called the coercive force, to the 
polarisation of their molecules, so that the development, of magnetism in them, espe- 
cially in steel, is slower in proportion to the hardness of the temper. Thus, when a 
bar of hard steel is placed in eoutaot with the north pole of a magnet, the nearer 
extremity immediately becomes a south pole, but the farther end shows no polarity at 
first. A north pole is, however, formed at a short distance from Ihe south, and near 
this another weak south pole, just as if the bar were divided at that point, and the 
portion of it first polarised acted like a separate magnet on the portion beyond. These 
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pole* gradually advance along the bar, a feeble south pole appearing after a while at 
the farther end, succeeded, after a while — if the bar ia not too long— by a north pole, 
the bar then appearing regularly magnetised. If, however, the bar is very long, and 
made of very hard steel, it never attains this regular magnetisation, but exhibits a 
series of alternate or consecutive poles, which never reach its farther extremity. The 
coercive force may, however, be more or less overcome, and regular magnetisation 
facilitated, by striking the bar with a piece of metal, so as to make it ring, and throw 
its particles into vibration. 

It is obvious that the polarisation of the whole series of particles composing the bar 
will be accelerated by laying it between two bar magnets, with their opposite pules 
facing one another, or across the poles of a horse-shoe-magnet, the magnetisation then 
taking place in two directions at once, and both tending to the same result. 

Another process more generally adopted, consists in passing the pole of a magnet 
from one end to the other of the piece of steel to bo magnetised, repeating the friction 
several times and always in the same direction. Each particle of the steel is then 
brought successively under the. influence of the magnet, and it is found that the 
magnetic power of the bar increases with the number of strokes up to a certain point, 
after which no furt her increase takes place. The polarity imparted to each particle as 
the magnetic pole approaches it, is reversed when the pole passes over it, so that the 
polarity finally imparted to the bar is that which corresponds to the last position of the 
inducing magnetic pole. If, for example, the steel bar be rubbed with the north pole of 
a magnet, the end first touched will be a north, and the other end, by which the magnet 
leaves the bar, will be a south pole. It is not very easy to understand what is gained 
by repeating the friction, inasmuch as the polarity imparted by each stroke is reversed 
at the commencement of the next. Possibly the coercive force of the steel is over- 
come by the disturbance consequent on the continued reversal of the polarity, much in 
the same manner as it is by vibration. 

Greater power may be obtained by a combination of the two methods above described 
namely, by laying the bar to bo magnetise! between the opposite poles of two magnets, 
or those of a horse-shoe-magnet, then, taking two other bar magnets, one in each hand, 
bringdown their opposite poles on the middle of the bar to be magnetised, and keeping 
them at. an inclination of 26° or 30°, draw them outwards, with a regular motion, 
towards the extremities of the bar. Ten or twelve strokes given in this manner, and 
always in the same direction, will give to the bar, if not very large, as much magnetic 
power as it is capable of retaining. It is of course necessary that, the ]K>Ie of each 
movable magnet which touches the bar, should be of the tut me name as that of the 
fixed magnetic pole towards which it is made to move. This method, invented by 
D uham el, and called tin* method of single touch, is the best for magnetising compass 
needles, and bars of no great length and thickness, in which regular distribution of 
magnetism is desired rather than great attractive power; but for magnetising long, 
thick bars, especially when it is desired to give them their full power, the following 
method of AS pin us, called the double touch , is to be preferred. The bar is laid between 
two powerful magnets as in tin* preceding method, and likewise rubbed with the opposite 
poles of two magnets ; but instead of drawing these poles from the middle towards the 
opposite ends of the bar, they are tied together, with a piece of cork or wood between 
them to keep them at a certain distance apart, and made to travel together along the 
bar, first one way and t hen the other, begiiming;and leaving off in the middle. A horse- 
shoe-magnet may be conveniently used insfWl of two bar-magnets tied together. By 
this method it is likewise easy to magnetise two Bteel bars together, namely, by placing 
them parallel to one another, with soft iron keepers across their extremities, as in fg. 725, 
and passing the two magnetic poles several times round the rectangle thus formed, 
beginning in the middle of one of the bars, and leaving off at the same place. In this, 
as indeed in all methods of magnetising, the bars, after having been rubbed a certain 
number of times on one side, should be turned round and rubbed in the same manner 
on the other. 

In both these methods, when two movable magnets are employed, the polarity which 
any particle acquires while outside the magnetic poles, is reversed when by their 
motion it is brought botwoen them. Now the advantage of the double touch method 
consists in this, that the two poles of the movable magnet or magnets are separated by 
only a small distance, so that the sum of their actions on a particle between them is made 
as ^reat, and the difference of their actions on an outside particle as small, as possible. 
ThiB very circumstance, however, by developing powerful magnetism at once in a 
particular part of the bar, creates a tendency to the formation of consecutive poles when 
the steel is very hard. Hence, as already observed, the single touch method is usually 
adopted where regularity of magnetisation is the main object in view. 

Magnetisation hr/ the Electric Current . — Very great magnetic power maybe developed 
in soft iron by placing it within a long coil of wire through which an electric current 
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is passing (ii. 448). Steel bars may be magnetised in the same way, but the magnetism 
thus developed iu them is but feeble, apparently because there is a want of vibratory 
movement to overcome the coercive force. The magnetisation may indeed be 
facilitated, as in other cases, by striking the bar so as to make it ring while it is 
under tne influence of the current ; but the best mode of magnetising steel bars by the 
electric current, is to pass the bar through a short movable coil of wire, then tix it 
between two soft, iron electro-magnets, the coils of which are connected with tho 
movable coil, so as to form one continuous circuit, and, having made the connection 
with the battery, pass the movable coil backwards and forwards along the whole 
length of the bar, rubbing it at the same time against its surface, so as to excite a 
vibratory motion in the particles. In this way very powerful and regular magnetisation 
may be obtained (D again, Traite. de Physique, iii. 60S). It is easy to wet 1 , however, 
that ttfiis mode of magnetisation requires rather complex apparatus, especially as, to 
develops powerful magnetism in soft iron requires a very long coil of wire passing 
several times round the bar, ami consequently a powerful battery of several cells to 
overcome the resistance of the circuit. In most cases, therefore, the simpler methods of 
magnetisation by the single aud double touch are found more convenient. 

Magnetisation hy Terrestrial Induction. —I f a bar of soft iron, destitute of magnetism 
when placed horizontally, be held in the line of the magnetic dip, or in the vertical 
position, which in these latitudes does not differ greatly from it, its lower extremity 
will bo found to have, acquired north, and the upper, south polavity. On reversing the 
bar, the polarity will ho also reversed, the lower extremity being still a north polo. 
This effect is duo to the inductive action of the earth, the, northern hemisphere of 
which acts, as already observed, like the south pole of an ordinary magnet.. 

A bar of hard iron or steel held in a similar position, does not immediately exhibit 
magnetic polarity, but on striking it several times with a key or a hammer, it be- 
comes permanently magnetised with its north pole downwards. In this way, perma- 
nent magnets maybe obtained without the use of other magnets or of (lie electric 
current. The effect on steel maybe greatly augmented by resting it on a bar of iron 
held vertically, and striking l>oth. Score shy obtained powerful magnets by t he following 
method: A large bar of iron was placed vertically and struck, and having t bus acquired 
a certain amount of magnetic power, it was placed successively on each of two steel 
burs, 30 inches long, aud one inch wide, these bars being also placed vertically and 
struck at the same time. Six smaller bars of steel 8 inches long and halt an inch wide 
were then magnetised in a similar manner, by resting them vertically on one of the 
larger steel bars, and striking them, by which treatment they acquired in a few minutes 
considerable suspending power. Lastly, the six small bars were joined two and two 
by their opposite poles, by means of soft iron keepers, and rubbed with the others 
according to the double touch mclhed. Uy this treatment they were found to be 
magnetised to saturation. 

In consequence of the magnetic action of the earth, all bars of iron, such as railings, 
lightning conductors, &c., standing for a length of time in a vertical position, become 
permanently magnetised, their lower ends in the northern hemisphere acquiring 
north polarity. The magnetism of ihe native black oxide of iron has doubtless 
been produced by the same causes, the very different magnetic jsiwer exhibited 
by different specimens being partly attributable to the different positions of the 
veins of ore with regard to the line of the magnetic dip, that is to say, the line of the 
resultant of the terrestrial magnetic forces. 

Circumstances which influence the Power of Magnets. ^ 

Whatever maybe the process of magnetisation adopted, thorp exists, for each bar or 
needle, a limit of magnetic force which cannot be permanently exceeded ; this limit, 
which is called the point of saturation, depends essentially on the coercive power 
of the iron or steel of which the bar is made. 

Steel bars may, however, be magnetised beyond iheir point of saturation, ami do not 
return to it immediately, the time occupied m returning to it depending tqion various 
circumstances, such as changes of temperature, tin* neighbourhood of other magnets, 
position with regard to the earth, &c. To ascertain whet her a bar has been magnetised 
to saturation, it is sufficient to renmgn<( ise it, in the same direction, with magnets 
stronger than those which were used in magnetising it originally ; ii it thereby acquires 
but little increase of power, and this power disappears after a while, we may conclude 

that the point of saturation had previously been at tained. 

Influence of Size and Shape.— With regard to size, Coulomb found : 1, lliftt the 
magnetic moments of saturated magnets of the* same substance and of similar form are 
nearly proportional to the cubes of their like dimensions. 2. I hat, in cylindrical 
needles of the same length, tho magnetic power is sensibly proportional to the 
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diameter. 3. The time of oscillation of a bar having a rectangular section, whose 
breadth is thickness e t and length 2L, is given by the formula: 

t = meVl + n L, 

in which m and n are constants, depending on the nature and hardness of the steel. 

With regard to form, Coulomb found that thin lozenge-shaped bars have a greater 
directive, force than rectangular needles of the samo weight, thickness, and hardness. 

Influence of Hardening and Tampering. — Coulomb, having magnetised a steel bar 
to saturation, after hardening it to different degrees, and testing its power by the 
method of oscillations, obtained the following numbers : — 

Temperature of hardening 875° 975° 1075° 1187° 

Time of 10 oscillations 93" 78" 64" 63" 

Steel does not undergo any sensible modification of structure when hardetfbd at 
temperatures below 870 and accordingly the magnetic results are the samo at all 
degrees of hardening below this limit : but when hardened at about 1100°, the steel is 
capable of acquiring double the magnetic force which it retains when hardened at lower 
temperatures: for the time occupied by the ten oscillations being 63" instead of 93", the 
magnetic forces are inversely as the squares of these numbers, that is as 3969 to 8649. 

A steel bar hardened at a cherry-red heat, and then magnetised after having been 
tempered at different degrees, gave the following results : 

Tempering heat . . . .15° 267° 512° 1122° 

Time of H) oscillations . . . 63" 64\*>" 70" 93". 

Hence it appears that the magnetic force is less in proportion as the steel is more tem- 
pered, the coercive force in fact diminishing with the hardness. 

Very different results were obtained with thin and very elongated lamina* or needles. 
15y magnetising them at different degrees of hardness, Coulomb found that when har- 
dened at a white heat, they did not retain a higher degree of magnetic power than 
after having been completely tempered. In proportion as the hardness was diminished 
by tempering, the magnetisation became stronger, down to tin* tempering produced l>v 
a dull red beat. On tempering them still more, the directive force which they wen* 
capablo of receiving continually diminished, Biot explains this anomaly by the forma- 
tion of two consecutive poles in very elongated and strongly hardened needles, each half 
of the needle thus possessing two poles of contrary name, whereby the directive force is 
greatly lessened. But as the hardness is diminished, the poles nearest to the centre 
approach continually nearer to it, and finally disappear altogether. 

Compass needles are usually tempered at tin* blue, that is to say, at about 300° 0. 
In this state, the coercive force, though not at its maximum, is still very great, and the 
steel is less fragile than when more, hardened, and less liable to acquire consecutive poles. 

Nobili (Bibl, Univ. Ivi. 82) has endeavoured to explain the influence of hardening 
on magnetisat ion by tlio inequality of density of the different parts of the hardened bar. 
He found that when a bundle of thin steel wires (al>out 50) was very strongly magne- 
tised, and the wires separated a short time afterwards, each of them appeared strongly 
magnetised in the same direction : but when the bundle was made up again, and untied 
a few hours afterwards, several of the wires were found to be un magnetised, and some 
had had their polarity reversed. Similar results had previously been obtained by 
Coulomb. It appears then that, in a system of parallel rows of magnetised particles, those 
which are most strongly polarised destroy or reverse the polarity of the weaker series, 
und determine the polarity of the whole, and i ft the original polarity of all the rows w«-ro 
equal, the magnetic power of the* entire system would probably soon be extinct. Now 
n magnetised bar may be regarded ns made up of concentric layers of polarised particles, 
and if the external Bhell is rendered denser than the interior by hardening, so that a 
larger number of magnetic elements are there included within a given space, this ex- 
ternal shell will receive a higher degree of polarity than the external jmrtions, and 
accordingly will neutralise their action ami determine the polarity of the whole system. 
For the same reason soft iron which has been hammered or wire-drawn, acquires the 
power of retaining a certain portion of magnetism. According to this view, the coer- 
cive or retaining power does not depend upon any peculiarity in the physical or che- 
mical constitution of steel, but is entirely due to the different densities of the super- 
ficial portions of its mass. ■ This is in accordance with the fact that small bars are 
capable of retaining a proportionally greater power than large ones, their surface being 
greater in proportion to their volume. It is also supported by the following experi- 
ment made by Nobili. Two cylinders were constructed of the same kind of steel, and 
of equal length and diameter, but one solid, weighing 28 grms. the other hollow, 
weighing 16 grins. They were then hardened to the same degree, and both were mag* 
netised to saturation. When placed at equal distances from a compass-needle, the 
solid cylinder deflected it 9J°, the hollow cylinder 19°. The great difference of power 
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thus shown in favour of the hollow cylinder, the mass of which was not much more 
than half that- of the other, appears to be due to the circumstance that, it was hardened 
both within and without, and was therefore covered on both surfaces with the dense 
crust which, according to the preceding view, preserves the magnetic power, whereas 
the solid cylinder was thus hardened only at its outer surface. On the other hand, 
however, it must be admitted that this inode of explaining the retaining power of steel 
cboas not account for the known fact, that iron containing a small quantity of Hulphur 
iis capable of retaining magnetism, although perfectly homogeneous, and that very nurd 
^Bteel is scarcely if at all attracted by the magnet, 

f Influence of Heat. The pow'er of magnets is diminished by rise of temperature, 

temporarily or permanently according to the degree of heat applied. The effect of heat 
is to diminish the coercive force ; and at a red heat, as tirst observed by (filbert, a steel 
magnet loses the whole of its power. When, on the other hand, a magnet is only 
slightly heated, its power suffers only a temporary diminution, tin* original intensity 
being regained on cooling. This circumstance must he attended to in estimating the 
I relative intensities of the earth's magnetism at different localities, by observation of 
the oscillations of a magnetic needle, as, if the temperature is higher atone place than 
. at the other, allowance must he made for tin* diminution of magnetic intensity in tlio 
needle thereby produced. 

On tho other hand, magnetism is more easily imparted to steel at high temperatures; 
so that a bar may bo very powerfully magnetised by placing it while red hot between 
tho opposite poles of two strong magnets and cooling it quickly in that position. 
A steel bar heated to redness and then hardened by sudden cooling in the vertical posi- 
tion retains the magnetism imparted to it by the inductive action of t he earth. 

Coulomb has measured the decrease of the magnetic force of a haras its temperature 
is raised. He first tempered the bar so that its coercive force should not vary during 
the heating, then having magnetised it and heated it to various temperatures, he ob- 
tained the following results : 

Temperatures . . .15° 50° 100° 204° 425° f>37° 850° 

Time of 10 oscillations . fi’J" 1)7 d" 104" 147" 215" 21)0" very great. 

According to Khpffer, tin* effect of heat upon a magnet is not instantaneous, hut 
requires a considerable time to produce the utmost diminution of power of which it i« 
capable. For example, on plunging a magnet several times into boiling water, and 
leaving it each time for ten minutes, a, diminution of tin* magnetic form* took place at 
cadi inmn-rsion up to the sixth, after which the power remained constant. Kupffvr 
has also shown that when one half of a magnet is heated, that half becomes weakened, 
and the median line approaches nearer to tho opposite end. According to Christie, 
the greater part of the diminution of the force of a magnet by heat takes place instan- 
taneously, a result which is in accordance with tho accumulation of magnetic power 
near the surface (p. 767). 

Influence of Mechanical Action s on the Magnetic Power of Iron. 

We have already had occasion to notice tin* influence of friction, percussion, and other 
causes which agitate tho particles of bodies, in diminishing the coercive jwwer of iron 
and steel, thereby weakening the power of permanent magnets, and facilitating tho 
development of magnetism by induction. Various other mechanical actions which pro- 
duce a temporary alteration in tin* molecular condition of a niasH of iron, likewise 
produce a temporary alteration in the magnetic power which may be induced in it by 
any cause, the iron regaining its original magnetic power as soon as the disturbing 
force ceases to act. 

Torsion .— The easiest way of examining the effect produced by torsion on 'the mag- 
netic state of iron is that devis.d by K. Beequcrel, which consists in making use of 
the currents excited in a helix enveloping the magnet, by every increase or diminution 
of it* magnetic power (ii. 451). For t his purpose, a wire of well annealed iron, stretched 
by a weight, is passed through a vertical glass tube, round which is coiled a helix in 
connection with a delicate galvanometer. The wire in this position becomes magnetised 
by the inducing action of the earth, and it is found that, on twisting it either way. the 
galvanometer needle is deflected, in a direction which shows that the magnetic power 
of the wire is diminished by the torsion; and when the wire is untwisted, the needle 
moves in the contrary direction, indicating that the magnetic polarity of .ihe wire is 
returning towards its primitive state. On allowing the wire to oscillate freely by 
torsion, and interposing in the electric circuit a commutator which changes the di- 
rection of the current through the galvanometer every time it is reversed iri the helix, 
that is to say, at the moments when the wire passes through t I k- position of equilibrium 
and of maximum torsion, a continuous current may be obtained. 
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Wertheim has made numerous experiments on the relations between m 
and torsion, by a method similar to that of Becquerel, using however a homo 
of iron enveloped by two helices, one formed of thick wire to receive the current 
magnetises the bar, the other of a long thin wire to receive the induced curren 
convey them to a galvanometer. The helices are placed near the ends of the bar, 
occupy but a small portion of its length. Having first shown that the softest 
always possesses a certain amount of coercive power, and therefore always retain 
certain amount of the magnetic polarity once induced in it, Wertlioim obtained t 
following results; — 1. Torsion and detorsion do not by themselves develope any mag 
netism in iron : for on placing the bar at right angles to the magnetic meridian, and 
twisting it, no induced current is developed. — 2. If the bar is placed in the magnetic 
meridian, or subjected to the action of a magnet placed on the continuation of its axis 
or to the action of the electric current, the magnetising action of either of these causes 
is accelerated both by torsion and by detorsiou ; but when once the magnetic 
equilibrium is established, torsion weakens the total magnetisation, and detorsion 
restores it to its former amount : hence the maximum of magnetisation takes place in 
the state of mechanical equilibrium. — 3. If the bar is withdrawn from the action of the 
magnetising agent, repeated torsion and detorsion quickly destroys tin* excess of tem- 
porary magnetisation, but continues to act indefinitely on the permanent magnetisation, 
which is diminished by torsion and restored by dotorsion. — 4. When the bar is in any 
given condition of magnetic equilibrium, all the effects of torsion are proportional To 
the angles of torsion ; but the magnitude of these effects appears to depend much more 
upon the permanent magnetisation, than on the temporary magnetisation produced by 
the external cause.— 5. The form of the section of the bar does not appear to exert 
any influence, but the deflections increase with its area and with the intensity of the 
magnetisation. — 6. The order of the effects produced is the same for all kinds of iron, 
the only difference being in the absolute intensities of those effects. The hardest iron 
requires the greatest number of torsions and detorsions, to bring it to its condition of 
magnetic equilibrium, indicated by the equality of the opposite induced currents.— 
7. Steel also, the more it is hardened, requires a greater number of torsions and 

detorsions to bring it to a state of magnetic equilibrium; but when once this 

equilibrium is established, it cannot, according to Wertheim, bo modified by torsion 
and detorsion alone, as is the case with iron. Matteucci, on the othor hand, always 
obtained feeble currents in this ease, these currents being weaker as the steel was more 
hardened. Hard iron exhibits an anomaly which lias not been explained, the modifica- 
tion produced in it by torsion being greater immediately after the interruption of the 
magnetising current than during its passage. In this esise, the diminution does not 
take place till after some time. 

When the bar is in a state of temporary or permanent torsion before magnetisa- 
tion, similar results are obtained; that is to say, the magnetic maximum corresponds, 
not with the initial state of torsion, but with that which exists in the state of 

mechanical equilibrium ; so that the magnetism increases when the bar is twisted in 

the direction which diminishes the primitive torsion, and diminishes when the original 
torsiou is re-established. Hut. if the initial permanent torsion is produced while the 
bar is under the action of the magnetising current, a rotation of the maximum is 
observed ; that is to say, the maximum is displaced, and in the direction of the torsion, 
the angle of rotation being greater as the iron is harder, and the permanent torsion 
greater. This angle is always less than half the temporary torsion which necessarily 
takes place during the production of a permanent torsion. 

For further details on this subject, and on thfe Ireciproeal influence of magnetism ou 
torsion, see W iedemann (Gat iwtismus nnd EUctru-magmtisirms, ii. 430-449). 

Traction and Flection. — According to Matteucci, a sudden elongation produced 
by tension in a wire of iron or steel, while subjected to the magnetising action of an 
electric current, produces an increase in the magnetic force, and a sudden shortening 
diminishes it. These results have been confirmed by Wertheim, who has also shown 
that flection and deflection act in the same manner as torsion and detorsion. All these 
effects are due to the displacements of the molecules produced by these various forces, 
whereby they are enabled to arrange themselves, either in tho position most favourable 
for magnetisation, or the contrary. 

Wertheim finds, in tho increase of the magnetic capacity of iron by traction, an ex- 
planation of the well-known fact, that a magnet while loaded becomes continually 
Stronger, but returns to its primitive state as soon as the weight is removed. He also 
attributes the great irregularities of the compass in large iron ships to the inevitable 
flections of the iron which take place during the voyjige, these flections producing 
changes in the • magnetisation of the iron, of which the compensator* (p. 780) are 
Unable to take account. These phenomena are the converse of those observed by 
Xoule (Phil. Mag. xxx. 76 and 225), who found that an iron bar increases in length when 
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S eed under ordinary circumstances, but contracts if already powerfully stretched 
ichanical strain previous to magnetisation. 

Magnetism compared with Electr icity. 

phenomena of magnetic induction, above described, are analogous in almost 
irticular to those of static electric induction ; but there is one essential dif- 
between the two: there is no such thing as magnetic discharge. In the 
electrified bodies, we know that, when the opposite {wlurities of the neigh- 
surfaces attain a certain degree of intensity, discharge takes place between 
i the form of a spark ; and the distribution of the electric forces, after this 
discharge, is no longer the same as before, the one body appearing to have lost a 
certain amount of power, and the other to have gained it (ii. 385). But in magnetic 
induction, nothing of the kind is observed. Whatever may be the power of a magnet, 
and however intensely a piece of soft iron may be polarised by contact with it, the iron 
can take nothing from the magnet ; but as soon as the contact is broken, the soft iron 
loses its polarity, and the steel magnet is found to have lost nothing, but rather to have 
had its polarity intensified. Neither does hard iron or steel, though it remains mag- 
netised after separation, take any power from the original magnet, its retention of 
.polarity being in fact analogous, not to the condition of a laxly winch has been electri- 
fied by discharge, but to a non-conducting body like sealing-wax, which has beou elec- 
trified merely by induction, and tln*n removed from the neighbourhood of the inducing body. 
The phenomena of magnetism are not then precisely analogous to those of static 
electricity, notwithstanding the exact parallelism which exists between the two up to a 
certain point. But, as already explained under Ei.kctuicity (ii. 447), the laws of 
magnetic attraction and repulsion are exactly similar to those of the mutual action of 
electric currents. Two helices of copper wire, through which electric currents are 
passing, attract and repel one another exactly like magnets, and, accordingly, all the 
phenomena of magnetic attraction and repulsion may be accounted for, if we assume 
that a magnet consists of an aggregate of particles having electric currents constantly 
circulating round them in one direction. This theory has been sufficiently developed 
in the article referred to, and we need not dwell upon it further. 

But, us a bar of iron or steel is rendered magnetic by the action of an electric current 
passing near it alright angles to its length, we must suppose, if this theory be true, 
that an electric current has tin* power of inducing in magnetic bodies a system of electric 
currents in the same direction as itself; moreover, that those currents, once established, 
will continue, in soil iron, as long as the original current continues to act, and, in the 
case of steel, even after it has ceased. Now, this is not. what is observed to take placo 
in the action of electric currents on conducting bodies in general. Wo know that when 
a conducting wire forming a closed circuit is placed near another wire convoying an 
electric current, the latter, at the instant when it begins to How, induces, in the first 
wire, a current opposite in direction to itseLf, this current, however, being merely in- 
stantaneous, and no induced current being perceptible so long as the inducing current 
continues to flow with uniform strength; and, finally, that when the original current 
ceases (or the battery circuit is broken), another momentary current passes through the 
second wire in tho same direction as the inducing current. These effects of oiectro- 
dyqamic induction are evidently totally different from those which must be supposed 
to take place in magnets, according to Ampfcre’s theory ; and wo must, therefor*', sup- 
poso that magnetic bodies have a peculiar molecular constitution, which enables nil 
electric current passing noar them to excite continuous currents round their particles in 
the same direction as its own ; or rather, perhaps, that these currents pre-exist in nil 
magnetic bodies, even before the development of magnetic polarity, but ane disposed 
without regularity, so that they neutralise one another; and that magnetisation, 
either by an electric current, or by another magnet, is the process by which these mole- 
cular currents are made to move in one direction (ii. 448). 

The hypothesis that the molecules of magnetic bodies, such ns iron and steel, are en- 
circled by continuous closed currents of electricity, which, before the development of 
magnetic polarity, circulate indiscriminately in all planes, but, in a magnetised bur, 
circulate in such a manner that, on the whole, the prevailing direction of rotation is iu 
the same direction as that of the hands of a watch conceived as situated at the centre 
of the bar, with its face towards tho south pole and its back towards thfc north pole, 
and in a piano perpendicular to the line joining the two poles: this }iyj>ofhesia accounts 
for all the most important facts connected with magnetisation, and receives from sum* 
of them a striking confirmation. According to this view, magnetisation consists in 
giving to the particles of a piece of iron such an arrangement that the prevailing direc- 
tion of its molecular currents shall be that indicated above. Coercive force is, on the 
same view, a resistance to the motion of the particles, which requires to lx* overcome 
equally to produce magnetisation or demagnetisation; and the saturated state of m 
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magnet is when the greatest possible number of molecular currents circulate in ifl 
same direction, with their axes parallel to that of the magnet. jl 

That magnetisation is really attended by molecular motion is proved by theemissn 
of musical sounds by a piece of soft iron which is suddenly magnetised or demagnfl 
tised, when it is so supported that the greater part of its mass is free to vibrate. TJm 
magnetic effects developed by torsion likewise show the intimate connection betweejl 
molecular motion and magnetisation. This view also enables us to see why the coercive 
force of steel is increased by hardening ; for the hardness of steel is nothing more than 
the result of the great resistance which its molecules oppose to mutual motion. The 
difference between the molecules of soft iron and those of steel with respect to mag- 
netisation, may be regarded as analogous to that presented by a very finely hung 
magnetic needle and one that is coarsely hung, when a magnet is brought near them. 
The finely hung needle is immediately and completely turned from its normal position 
on the approach of the magnet, and at once returns to it when the magnet is removed: 
the coarsely suspended needle, however, is at first much less affected by the magnet, 
and does not turn to the full extent until the friction of its point of support is overcome 
by a gentle tap or shake, and, similarly, when the disturbing magnet is taken away, itdoes 
not return completely to its first position without the same aid. TIhh comparison may 
serve to explain the influence of a blow or vibration in facilitating the magnetisation ol 
an unmagnetised steel bar, and in weakening the force of a saturated steel magnet. 

Universality of Magnetic Action —Diamagnetism. 

Magnetism was fora long time regarded as peculiar to a small number of bodies, namely, 
iron, nickel, cobalt, and certain of their com pounds ; but later researches have shown that all 
bodies are more or less susceptible of magnetic influence, though they are not all affected 
in the same way. The question of the universality of magnetism was raised as early as 
the beginning of the eighteenth century. M uschenbroek and Nollet found that a 
large number of bodies in the state of powder, the ashes of plants, and small fragments 
of organic substances, were attracted by the magnet ; but they attributed the result to 
the presence of small quantities of iron in the substances examined. The subject was 
also investigated by Lehmann and Cavallo; and Brugmanns, in 1778, observed 
that bismuth is repelled by the poles of powerful magnets, — a remarkable discovery, 
which did not receive at the time the attention it deserved. Coulomb, in 1802, 
found that fine needles of gold, silver, and other metals, also of glass, and of various vege- 
table and animal substances, suspended by a thread of nnspun silk between the opposite 
poles of two powerful magnets, oscillated till they came to rest in a line between the 
poles ; but ho also showed that a very minute quantity of iron, not exceeding p s v^j7, 
intimately mixed with a needle of wax, was sufficient to produce this effect : lienee he 
considered it uncertain whether t he effects observed were due to the action of the mag- 
nets on the various substances themselves, or on minute quantities of iron contained in 
thorn. After tlio discovery of electro-magnetism, llecquerel observed that rods of 
shellac, wood, and other substances, suspended by threads of unspun silk within the 
coil of a galvanometer, placed themselves with their axes parallel to the plane of tlie 
coil, instead of at right angles to it, as an iron needle would : this effect was exhibited 
in a remarkable manner by a paper tube filled with ferric oxide. Lobaillif, in 
1828, found that a delicately suspended magnetic needle was repelled by bismuth and 
antimony, thus confirming the important observation previously made by Brugmanns. 
The same kind of repulsive action was subsequently observed by Saigey in several 
other substances. 

But these facts, however important they may now appear, excited but little attention 
at the time of their discovery, inasmuch as they could not be referred to any general 
law ; and the question of the universality of magnetism remained undecided, until 
Faraday, in 1845, discovered that most transparent substances, when subjected to the 
influence of powerful magnets, acquire the power of circular polarisation (p. 676) ; and 
regarding this effect as resulting from the action of the magnet on the molecules of 
the transparent body, he was led to undertake a scries of researches which resulted in 
the grand discovery, that all bodies whatever are subject to magnetic influence, but 
are not all affected by it. in the same way, being divided, with respect to their magnetic 
susceptibilities, into two great classes — the Magnetic and the Diamagnetic. The 
former class includes those bodies which exhibit tlie well-known phenomena of ordi- 
nary magnetic attraction and repulsion — being attracted \ when in their natural state, 
by either pole of a magnet, and, when shaped into hart or rods, and suspended joining 
two opposite magnetic poles, pointing a.r tally — that is to say, in a straight line between 
them. The bodies belonging to this class are mostly metallic (including oxides and salts), 
Viz. iron, nickel, cobalt, manganese, chromium, cerium, titanium, palladium, platinum, 
osmium. The magnetic properties of iron, nickel, and cobalt have long been known. 
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In other metals of the series, magnetic susceptibility can only be detected by tho 
use^lpiMignete of great power. Manganese, chromium, cerium, titanium, and osmium 
artj^Kced by Faraday in the magnetic class, because certain of their compounds exhibit 
th^Kdin&ry magnetic relations. 

second or Diamagnetic class includes all liquids and solids, both organic and 
in^Hanic, which do not belong to the magnetic class. The law which governs the 
adflEp of magnets on these bodies is as follows : — A particle of a diamagnetic bodg 
iMpnf in the neighbourhood of either pole of a moon ft is repelled by that pole, 
JHsnce, a bar of any diamagnetic substance suspended by its centre midway between 
flfwo magnetic polos will point equatorial/}/, that is to say, at right, augles to the straight 
Pline joining the two poles — that being the position in which every part of it is at the 
■ greatest possible distance from each of the polos ; and if its centre be placed on either 
side of the axial line, the whole bar will recede from that line, placing itself at tho 
saffte time equatorially. A globe or cube does not ptnnt, but exhibits the simple phe- 
nomenon of repulsion. If two small ballH of any diamagnet ic substunco be suspended 
between the two magnetic poles, they will bo driven towards ono another, as if they 
were actuated by mutual attraction. The position which a bar of any substance take's 
up when suspended horizontally between two magnetic poles furnishes the best means 
of determining whether it belongs to the magnetic or the diamagnetic class: if it bo 
magnetic, it will place itself axially ; if diamagnetic, oquutorially. 

The diamagnetic force cannot be perceptibly developed without the use of exceed- 
ingly powerful magnets : electro-magnets answer the purpose best, but large perma- 
nent magnets may also be used. The great power required to develope this mode of 
action accounts for its having been previously overlooked by most observers. 

Bismuth appears to bo tho most powerfully diamagnetic of all substances ; then 
follows phosphorus, then antimony, then heavy glass (silico-borate of lead). Among the 
metals, tho order of diamagnetic energy appears to be as follows: bismuth, antimony, 
zinc, tin, cadmium, sodium, mercury, lead, silver, copper, gold, arsenic, uranium, rho- 
dium, iridium, tungsten. (Faraday, Experimental Researches in Electricity, scries 
20 and 21 : Phil. Trans. 1846, 21.) 

Thallium is strongly diamagnetic, being nearly equal in that respect to bismuth. 
(C rookes.) 

Air and other gases exhibit decided magnetic and diamagnetic relations. In his 
first experiments on this subject, Faraday was led to tho conclusion that gaseous 
bodies were indifferent to magnetic action, forming the zero, or middlo point, betwoen 
the two classes of magnetic and diamagnetic bodies. Bancaluri has, however, since 
discovered that flame possesses diamagnetic properties; and ZantedoHchi has shown 
that air and other gases likewise exhibit diamagnetic relations. Tho researches of 
these Italian philosophers have been confirmed and extended by Faraday : the follow- 
ing aro tho principal results. 

An arrangement was made by which a stream of any gas could bo delivered in a 
vertical direction, either upwards or downwards, near tho middle point of the axial 
line, between two powerful magnotic poles of opposite names, but at a short distance 
on one side of that lino. By this arrangement it was found that the following gases 
were driven away from tho magnetic uxiH and passisl off in the equatorial direction ; 
that is to say, they exhibited diamagnetic relations with regard to atmospheric air- 
nitrogen, hydrogen, carbonic anhydride, carbonic oxide, coal-gas, olefiant gas, sulphur- 
ous anhydride, hydrochloric acid, hydriodic acid, fluoride of siliciurn, ammonia, chlo- 
rine, nitrous oxide, and the vapours of bromine and iodine. Nitric oxide and pernitric 
oxide were also slightly diamagnetic in air. Oxygen was strongly magnetic — that is 
to say, it was drawn towards the axis, and then along it in opposite directions towards 
tho two poles, round which it accumulated. , 

The first-mentioned gases evidently differed from each other in diamagnetic energy; 
bat it was found impossible by the means above described to form anything like a pre- 
cise estimate of their relative powers. To determine this point, the magnetic poles 
were surrounded with an atmosphere of one gas, while the other gas was directed in a 
vertical stream, either upwards or downwards, near the axial lino as before. By this 
method it was found that (l) In carbonic anhydride, air and oxygen passed axially ; 
nitrogen, hydrogen, coal-gas, olefiant gas, hydrochloric acid, and ammonia, equatorially : 
so likewise did carbonic oxide and nitrous oxide, but the action was feeble. (2) In coal- 
gets, air appeared magnetic, though but slightly ; oxygen was strongly magnetic : 
nitrogen was strongly diamagnetic ; olefiant gas, carbonic oxide, and carbonic anhydride, 
feebly so. (3) In hydrogen gas, air, when free from smoke, passed axially; but 
when mixed with smoke, it was either indifferent or passed equatorially. Hydrogen 
gas and atmospheric air seem to be not far removed from one another in the seals. 
Oxygen was strongly magnetic ; nitric oxide also magnetic, but in a leas degree. Ni- 
trogen was strongly diamagnetic ; nitrons oxide, carbonic oxide, carbonic anhydride 
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and olefiant gas were also diamagnetic ; hydrochloric acid and chlorine sligh 
Oxygen appears to be the most magnetic of all gases. v ! 

When a spiral of platinum wire was placed just below the middle point of thl 
line and ignited by a voltaic current, the stream of hot air which rose up again 
axial line was deflected at right angles to the axis, and passed off in the equa 
direction. The same effect was obtained in oxygen, carbonic anhydride, and coal 
Henco it appears that a heated gas is diamagnetic to the same when cold. A stS 
of cold air directed downwards near the axial line, was drawn towards that line. 

The flame of a wax taper or of burning ether also takes an equatorial direction will 
placed in or near the middle of tho axial line. When placed a little on one side < 
the axis, it is directed away from that line, just as if a gentle wind were blowing upon! 
it in that direction. When made to rise exactly in the axial line, it divides itself into ’ 
two long tongues, directed at right angles to the axis. This effect is particularly strik- 
ing with the large flame produced by setting fire to a ball of cotton Boaked in etjher. 
These effects are evidently analogous to those just described with hot air; but they 
are doubtless partly duo to the solid carbonaceous particles in tho flame, which are 
diamagnetic. In corroboration of this supposition, it is found that the brightest 
flames are the most strongly diamagnetic. (Faraday, Phil. Mag. [3] xxxi. 401 : sec 
also Zantedeschi, xxxi. 421.) 

Specific Magnetism. This term was introduced by E. Becquerel, to denote 
the action exerted by a magnet on the unit, of volume of a body placed at tho unit of 
distance, as compared with that which is exerted on a certain substance taken as tho 
standard of comparison. Another mode of estimation is to compare the effects pro- 
duced on a small magnetic needle, by a cube, equal to the unit of volume, placed at the 
unit of distance from the needle. The measurements are made either by the torsion 
balanco, or by determining the weight required to keep the body in a certain position 
of equilibrium while under the influence of the mugnet. 

By those methods, Pliicker, representing the specific magnetism of soft iron by 
100,000, has found for native magnetic oxide the number 40,227, for specular iron ore 
533, for brown haematite 71, which is the lowest number found for any of the com- 
pounds of iron, solid or liquid. 

Tho following are the results obtained by Pliicker for certain diamagnetic substances 
at ordinary temperatures, and for equal weights referred to water as unit. 

Specific Diamagnetic Powers. (P 1 ii c k e r. ) 

Water 1001 Flowers of sulphur 

3 Bosphorus . . . . 100 , Common salt 

♦Sulphide of carbon . . .102 Nitric acid . 

Hydrochloric acid . . . 102; Nitrate of bismuth 

Ether . . . . . 127 Sulphuric acid 

Oil of turpentine . . . 123 p Mercury 

This table shows that the diamagnetic powers of different groups of substances may 
be approximately expressed by simple numbers ; but it is doubtful whether this refeuit 
is accidental, or expresses an actual law. 

The following table contains some of the results obtained by E. Becquerel, tho 
magnetic power of water being taken as unity, and the results referred to equal volumos 
Liamagnotic substances are denoted by the minus sign. 


• 71b 
. 70V 4 
. 48 J 
. 35b 
. 34 $* 
. 23 { 


Specific Magnetic Powers . (E. Becquerel.) 


Solids. 


Specific 
magnetism 
In air. 

: 

Liquid!. 

Specific 

gravity. 

Specific 
magnetism 
in air. 

Water , 


-l'OO 

Water .... 

1*0000 

-1*00 

Zinc 

, , 

-0-25 

Alcohol .... 

0*8059 

-0*97 

White wax 


— 0*57 

Ammonia 

0*8059 

-1-02 

Melted sulphur 


-1-14 

Common salt . 

1*2084 

— 113 

Copper (electrotype) 

-1*41 

Chloride of magnesium . 
Sulphide of carbon . 

1*3197 

— 1-21 

Copper, pure . 
Lead, commercial 


-1-68 

1*3197 

-1*33? 


-1*53 

Sulphate of copper , 

1-1265 

+ 0*81 

Phosphorus . 


— 1*64 

„ of nickel . 

1*0827 

+ 2*16 

Selenium 


-1*65 

Ferrous sulphate „ 

1T728 

+ 18*02 

Silver, pure . 
Gold (nugget) 


-2*32 

M * * 

1*1923 

+ 21-12 


-2*41 

,, chloride . 

1*0695 

+ 919 

Gold, pure 


-3-47 

n » 

1*2767 

+ 3607 

Bismuth 

’’ ‘ i 


-21*70 
-22 67 

„ „ (concen- 

trated) 

1*4334 

+ 65*01 
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To compare the magnetic powers of iron with water, and thence with other bodie*,— 
which is somewhat difficult, o» account of the very mat disproportion existing 
between the two, — Becquerel made use of the concentrated solution of forrous chloride, 
as an intermediate term of comparison. This solution, which has a specific magnetic 
power of + 668*13, that of water being — 10, was introduced into a tube of thin glasi^ 
4 centimetres long, suspended between the contrary poles of two bar magnets, and its 
oscillations were compared with that of a bar of wax of the same length mixed with 
a known weight of soft iron filings. The numbers of oscillations made by such bars 
in a given time are independent of their bulk, and proportional to the quantity of 
filings contained in them. In this manner it was found that ferrous chloride expe- 
riences, for equal volumes, the same amount of action as an inert substance containing 
0*2 milligr. of iron per cubic centimetre. Now, the magnotic power of water, com- 
pared with ferrous chloride, being — *» —00 152, will also be equal to that of an 

inert substance containing 0 0152 x 0 2 <= 0 003 milligr. of iron per cubic centimetre, 
but of contrary sign. Hence, as a cubic centimetre of iron weighs 7*758 gems., the 
magnetic powers of iron, ferrous chloride, and water are, for equal volumes, as the num- 
bers + 1,000,000 : + 26*7 : —0*4 ; and for equal weights, as + 1,000,000 : + 140 : —8. 

Faraday has also compared the magnetic powers of a considerable number of sub- 
stances by the method of torsion. The next table contains some of his results for 
equal volumes in vacuo , and referred to water as unity. They were all obtained at 
the temperature of 15*5° C. (60° F.), and for gases under the pressure of 0*76 metre. 


Specific Magnetic Powers. (Faraday.) 


Substances. 

Magnetic 

powers. 

.Substances. 

Magnetic 

|>ow«rs. 

Substances. 

Magnetic 

powers. 

Proto-ammoni- > 
uret of copper \ 
Per-ammoniuret ( 
of copper \ 

Oxygen 

Air 

Olefiant gas 
Nitrogen 

Carbonic anhy- / 
drido . . \ 

Hydrogen . 
Ammonia gas 

+ 1*309 

+ 1240 

+ 0-181 
+ 0*035 
+ 0 006 
+ 0-003 

0*000 

-0*001 
- 0*006 

Cyanogen . 

Glass 

Zinc, pure 

Ether 

Alcohol (abB.) . 
Oil of lemons . 
Camphor . 
Camphine . 
Linseed oil 

Olivo oil . 

Wax . 

Nitric acid 

-0*009 
-0-188 
-0 772 
-8-797 
-0*816 
- 0*828 
- 0 855 
-0-869 
-0-886 
-0-880 
-0-887 
-0-911 

Ammonia (liquid) 
Sulphide of car-> 
bon . V 

Nitrate of potas-> 
Hium (Hat.) $ 

Sulphuric acid 
Sulphur 

Chloride of ur- f 
senic . £ 

Borate of lead > 
(melted) $ 

Bismuth 

-1010 

-1031 

-1036 

-1081 
-1 221 

-1*260 

-1*413 

- 20*369 


A comparison of the specific magnetic powers of different elementary bodies shows 
that, in many instances, the most magnetic are those which have the smallest atomic 
volume (i. 442), or those whose atoms are the cJosost together ; and that diamagnetic 
bodies, on tile other hand, are those whose atoms have the largest spaces between tliem. 
Thus bismuth, the most diamagnetic of all bodies, has also a high atomic volume (21*2); 
whereas iron, nickel, and cobalt have very low atomic volumes, vise, about 3*6. But 
on the other hand, copper and zinc, which have also small atomic volumes, viz. 3*6 
and 4*6 respectively, are slightly diamagnetic; and sodium and potassium, whose atomic 
volumes are larger than those of any other metals (sodium 23*7, potassium 46*6), 
are, according to Lamy, slightly magnetic. The relative distances betweon the atoms 
is, therefore, not the only, and perhaps not the principal, cause which deten^ines the 
difference between magnetic and diamagnetic bodies. 

No definite relation has yet been discovered between the magnetic or diamagnetic 
powers of compounds ana those of their elements. It is known, however, that the 
compounds of iron are for the most part magnetic ; but exceptions occur even among 
these, the ferrocyanide and ferricyanide of potassium, for example, being diamagnetic. 
The magnetic relations of atoms arc, therefore, dependent to a certain extent on their 
state of combination. 

The magnetic and diamagnetic powers of mixtures are, according to Matteucci, 
sensibly equal to the sum f? the mean] of those of their components. 

Specific Magnetism of Oxygen and Air. — Matteucci has compared the magnetic 
power of oxygen with that of iron by the following method, which serves also to show^ in 
a striking manner, that oxygen is magnetic: — A large bubble of oxygen is introduced 
into a tube filled with alcohol, and the tube is placed transversely between the hemi- 
spherical polaf extremities of a very strong electro-magnet. If the bubble is placed 
tangentially to the polar line, it elongates towards this line; and if its centre isorertbo 
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polar line, it shortens. If the alcohol is* saturated with protochloride of iron, the 
bubble in the latter position splits into two, which move away from one another. By 
ascertaining by trial the proportion of ferrous chloride, for which the bubble experiences 
no perceptible change of form, a solution will be obtained, having the same magnetic 
power as oxygen gas. By this method Matteucci found that oxygen has the same 
magnetic power as an alcoholic solution of ferrous chloride containing three milli- 
grammes of iron in a cubic centimetre. 

E. Becquerel has made numerous experiments for the purpose of measuring the 
magnetic power of oxygen as compared with water, and thence with iron. A small 
tube of glass filled with wax was suspended from a torsion apparatus, and the effects 
produced upon it by an electro-magnet in a vacuum, in oxygen and water, were com- 
pared. These actions, at the temperature of 12°, were, in oxygen under a pressure of 
0’76 met., Vo = — 0-2675; in a vacuum, V v = —01145; and in water, Vtr — 
+ 0*7033. Hence V„ - V v = +0-1530: V w - V, = -0-8178; and *the 
magnetism of oxygen, compared with water in vacuo, is 0*1530 : 0-8178 = 0-1871. 
Hence, for equal volumes, the magnetic power of oxygen is nearly I of that of water, 
but of contrary sign. For air the same method gives the number 0-03771 : hence, as 
the magnetic power of oxygon multiplied by 0*21 isO-392, it follows that the magnetic 
power of the air is due to the oxygen contained in it. These results are nearly the 
sumo as those obtained by Faraday (p. 773) and Matteucci ; and Becquerel has further 
confirmed them by Pliicker’a method. Lastly, he has shown that the magnetic power 
of oxygen is proportional to its pressure — a result probably true also for other gases. 

Taking the magnetic power of iron as the standard, and calling it 1,000,000, wo 
find that, for equal weights , the magnetic power of oxygen is 377, and that of air 88. 
Oxygen, weight for weight , 1ms three times the magnetic power of ferrous chloride, 
whom is the most magnetic of all liquids. Hence a cubic metre of oxygen gas would 
acton a' magnetic noedle with the force of 54 centigrammes of iron, and a cubic metre 
of air with the force of 11 centigrammes of iron. The whole atmosphere is consequently 
equal in magnetic power to a shell of iron covering the whole earth to the thickness of 
0*1 millimetre. It is easy to conceive that such a magnetic envelope, in a state of 
constant agitation, is capable of disturbing the magnetic needle ; and as its magnetic 
power varies with its temperature (see below), the heating which it undergoes at 
different hours of the day may contribute to produce the diurnal variat ions (p. 782). 


Influence of Temperature on Magnetism and Diamagnetism. — The effect of heat on 
the magnetic power of iron and steel has already been mentioned (p. 767). It was 
formerly supposed that iron at a white heat becomes totally unsusceptible of magnetic 
influence. Faraday has, however, shown that, though the susceptibility of magnetic 
bodies properly so called is rapidly diminished by heat, it is never completely 
destroyed, but is still perceptible at the highest temperatures, provided that electro- 
magnets of great power are employed to develope it These results havo been con- 
firmed by Pliicker, who has shown that the specific diamagnetism and magnetism of 
solids and liquids diminish, for the most part, as their temperature is raised, but that 
there are some exceptions to the rule. Mercury, for example, exhibits no change of 
diamagnetic powor at SOO 0 ; neither do sulphur and stearin, even when heated above 
their melting points. Brunner has shown that water in the state of ice and of vapour 
has the same specific magnetism as in the liquid state. 

According to Matteucci (Bibl. Univ. de G6n6ve [Arch, des Sc. xxiii.J, 24), the 
magnetism of iron increases up to a certain temperature, then decreases rapidly. The 
diamagnotic power of bismuth diminishes between 0° and 212° C.-^— nearly in proportion 
to the increase of temperature, and vanish el. jd together at the melting point. Non- 
metallic bodies, on the contrary, such as sulphur and phosphorus, scarcely suffer any 
diminution of diamagnetic power in consequence of change of state. 

A globule of iron melted in a lime-spoon by the oxy-hydrogen blowpipe was still 
attracted by the magnet ; but to exhibit the attraction, a very large electro-magnet was 
required, charged with 30 Grove’s cells. Matteucci estimates the magnetic power of 
melted iron at only 0*000015 of its power at common temperatures : hence it is not 
surprising that iron at a white heat should have been found insensible to the attractive 
power of ordinary magnets. Copper, standard gold, zinc, porcelain, and certain kinds 
of charcoal, which according to Matteucci are magnetic at common temperatures, become 
diamagnetic when heated. Platinum remains magnetic in the state of fusion, its power 
appearing scarcely to have suffered any diminution. 

Heat appears also to diminish the magnetic power of gases : thus Faraday found that 
heated air is repelled by the magnet when surrounded by cold air(p. 771). E. Becquerel, 
however, concludes from his experiments on oxygen, that heat aoes not act directly in 
diminishing the magnetic power of gases, the diminution observed being solely due to 
change of density. 
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Ittfiumce of Owm-Mtion and OrytUdKnt Struct *% on Afagnttion and Diamagnctum. 
— -Faraday observed that the position Assumed by a bar of bismuth under the influence 
of magnetic forces, is affected in a remarkable manner by its crystalline structure ; and 
that when a cubic crystal of the metal is suspended, between the poles of an electro- 
magnet, a certain line, perpendicular to the principal cleavage- plane of the cmtal 
(called by Faraday the magn e-cry stcdlic axis), tends to place itself axially between the 
poles, and in other parts of the field, tangentially to the magnetic curve passing through 
the point where the crystal is situated. Pliicker also remarked that a plate of tour- 
maline cut parallel to its axis, and suspended botween tho poles of an electro-magnet 
with that axis horizontal, places itself with the axis in the equatorial position, altho u gh 
the crystal is magnetic, in consequence of the iron which it contains, and if suspended 
with the axis vertical, is attracted by eithor pole of tho magnet. Hence he concluded 
that the axis is repelled by the magnetic poles, and that the repulsion thus exerted is 
mormpowerful than the attraction duo to the magnetic properties of the mass. Calc- 
spar, on the contrary, which is diamagnetic, places itself with its principal crystal- 
lographic axis in the line between the magnetic poles : similar results uro obtained 
with neavy spar and dioptase, which are magnetic. 

These phenomena have been reduced to a general law by the researches of Tyndall 
and Knoblauch (Ann. Ch. Phys. [3] xxxv. 375; xxxvii. 76), who have shown that 
when the particles of a body are more closely packed in one direction than in others, 
this direction — other circumstances being the same— is the one on which the forces 
acting upon the body are exerted with the greatest energy, and consequently this 
line of direction places itself axially or equaturially between the poles of u m a gnet 
according as the body is magnetic or diamagnetic. Thus a cylinder of carbonate of iron 
made into a paste with gum, places itself axially, if of uniform density in all directions ; 
but if the paste be strongly pressed between boards into a thin cake, a bar or needle 
formed out of it will place itself equatoriully between the poles, even if its length bo 
ten times as great as its breadth. Conversely, a bar formed of a paste of bismuth 
filings and gum, which places itself equatorially if of uniform density, will assume 
the axial position if the paste be compressed transversely to the length of tho bur. 

Tho effects observed in crystals of bismuth and other substances are of the same 
nature. That the molecular structure of crystals is not the same in all directions, is 
evident from their optical relations, their rates of expansion, and their heat-conducting 
]K>wers; and tho direction in which they place themselves under the influence of a magnet 
is determined by their relative densities in different directions, in tho sumo manner as 
in the artificial structures above mentioned. 

It is not, however, the direction of the axis of a crystal that ultimately determines 
the position which it assumes under the influence of a magnet, so much as that of the 
planes of cleavage, these planes taking tho axial direction when the crystal is magnetic, 
and tho equatorial if it is diamagnetic. 

Thus, if two cubes be formed of the same dimensions, one from a crystal of beryl, 
the other from scapolite, both of which are magnetic, tho former will place itself with 
its principal axis equatorially between the magnetic poles, the latter axially, because 
in beryl the cleavage-planes are perpendicular to the axis, whereas in scapolite they 
ure parallel to it. Conversely, a cube of nitre, which is diamagnetic, places itself with 
the principal axis equatorial, whereas a cube of topaz, also diamagnetic, takes up the 
contrary position ; because the cleavage -planes of nitre are parallel, and those of topaz 
are perpendicular, to the principal axis of the crystal. In all eases, the cleavage- planes 
place themselves axially or equatorially, according as the crystal is magnotic or dia- 
magnetic. The maimer in which this result is produced will be easily understood if 
we remember that a crystal may be rogarded as an aggregate of very thin plufos laid 
parallel to each other, but not in absolute contact. Jt is easy, indeed, to imitate tho 
Arrangement artificially. Thus, if a number of strips of emery-paper, an inch long and 
a quarter of an inch wide, be gummed together one upon the other, so as to form a 
rectangular bar, this bar will place itself axially between the poles of a magnet (tho 
emery being magnetic); in fact, it represents a magnetic crystal having its cleavage 
planes parallel to the axis. But if another bar be formed, also an inch long, of squaro 
pieces of emeiy -paper, a quarter of an inch broad, having their surfaces transverse to 
its length, it will place itself equatorially, because, in that position, the layers of 
magnetic substance will take up the axial position. If the paper be covered with a 
paste of bismuth powder instead of emery, the effects will bo exactly opposite. — 
Traiti ct EUctricitS, par A. De la Rive (i. 516—629). 

Plamay netto Polarity. Soon after the discovery of diamagnetism, the question 
^as raised, whether diamagnetic bodies possess opposite poles analogous to those of 
magnetic bodies. Faraday, from his earlier experiments, concluded that such was not 
he case, but that every part of a diamagnetic body was equally repelled by either 
t*>le of a magnet. On the other hand, Reich (Ann, Ch. Phvs, [3] xxxvi. 127) found 
Vo l. UL 3D 
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that a very delicately suspended ball of bismuth, though impelled by either pole of 4 
horse shoe magnet, when presented to them separately, remained at rest when sus- 
pended at equal distances from the two : hence he concluded that the resultant effect 
of the two magnetic poles is due, not to the sum, but to the differ- 
lftg. 727. eDce Q f fc ]j e j r action, just as would be the case with the attractive 
actions exerted by the two poles on a ball of iron, and that the 
first effect of the magnet on the bismuth is to deveiope in it a cer- 
tain polarity, whence results the repulsion. The question was like- 
wise examined by Weber and PoggendorflJ Pluck er, H. C. Oersted, 
and Matteucci, but without decisive results, and the question as to 
the existence of diamagnetic polarity remained doubtful till it was 
taken up by Tyndall (Phil. Trans., 1855 and 1856), who, by means . 
I , If of an apparatus suggested by Weber, has completely established the 
existence of polarity in diamagnetic bodies. • 

This apparatus, represented i nfig. 727, consists of two equal verti- 
cal helices, h h t h'h\ having an internal diameter of two centimetres, 
and coiled round copper tubes, which project above them at t, t 
these two helices convey the same electric current, but in contrary 
directions. They are fixed to a stout board suspended against a 
wall, and within them are suspended two small diamagnetic bars, 
attached to an endless cord passing round the pulleys P, P\ An 
astatic needle, an, represented in projection at NS, N'S', is sus- 
pended on a level with the middle of the helices h, h, by silk cords 
attached to the centre of a torsion-circle, r. This circle is capablo 
of turning independently of the screw v, the nut of which is em- 
bedded in a copper cross-piece fixed to the extremities of the copper 
tubes t, t'. The magnets NS, N'S' are enclosed in a copper box, «, to 
diminish the amplitude of the oscillations; they aro joined by a brass 
rod, on which they can be made to approach one another more or less. 

The deflections of the astatic needle are observed by reflection in a 
mirror //*, M, and measured by the reflection of a horizontal scale 

0 / II placed at a distance, as in Gauss’s magnetometers. On transmitting 
A I a voltaic current from one or two Grove’s cells through the two 
p j jj coils in opposite directions, the bismuth bars within them become 
* diamagnetised ; and by carefully raising or lowering the astatic bars 
N 8, S' N', a position may be found in which the magnets becomo in- 
different to the action of the current. If, whilst the apparatus is 
thus arranged, the wheel P be turned to the right, the bismuth bars 
will bo brought into the position represented in the figure, and the 
astatic needle will be deflected. This effect is clearly due to the de- 
— g velopinent of polarity in the bismuth bars : fbr, in consequence of 

the opposite direction of the currents on the two helices, the lower 
end of one bismuth bar will, if polar, bo in the same condition as the upper end of tho 
other, and each will therefore attract one particular end, say the north, of each magnet 
composing the astatic combination, and repel the south end : both bars therefore tend 
to deflect both magnets in the same direction ; on turning the wheel to the left, so 
as to bring the bismuth bars into the opposite position, the needles will be equally 
deflected in the contrary direction. 

These effects are most marked with bodies like bismuth and antimony, which have 
the greatest diamagnetic energy ; but they^are also distinctly shown, even in non-con- 
ducting bodies— such as heavy glass, phosphorus, sulphur, sulphide of carbon, &c. 

If the deviation produced by solid bismuth be represented by 75 divisions of the 
sculo employed, the following table will represent the action, found by Tyndall, of the 
other bodies enumerated in it: 


«£o. 


Bismuth, solid 

,, powdered 
Antimony 
Sulphide of carbon 
White marble 


75 

37 

13*5 

5*5 

5 


Heavy glass . 
Phosphorus . 
Distilled water 
Calcs par 
Nitre . 


4 

4 

4 

2 

1*7 


When magnetic substances, such as iron in bars or in filings, sulphate, carbonate, or 
chloride of iron, slate, solutions of salts of iron, nickel, or cobalt, are substituted for the 
diamagnetic bars, the astatic needles are deflected in the contrary direction to that in 
which, under the same circumstances, they would be deflected by diamagnetic bodies. 

Theory of Pl amsy oetUm. The phenomena of diamagnetism naturally suggest 
the inquiry, whether the repulsion exerted by a magnetic pole on dimnat^rnan'i* bodies 
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to a force distinct from that of magnetism, as exerted upon iron and other bodies of the 
magnetic class ; or whether, on the other hand, the magnetic and diamagnetic condi- 
tions of matter are merely relative, so that all bodies are magnetic in different degrees, 
and the apparent repulsion of a diamagnetic body, such as bismuth, is merely the result 
of its being attracted by the magnet leas t han the particles of the surrounding medium, 
just as a balloon recedes from the earth, because its weight is less than that of an equal 
bulk of the surrounding air. It is easy to show that the snme body muy appear mag- 
netic or diamagnetic, according to the medium in which it is placed. Protosulphate 
of iron is a magnetic substance, and water is diamagnetic : hence it is possible, by 
varying the strength of an aqueous solution of this salt, to make it either magnetic, 
indifferent, or diamagnetic, when suspended in air. Again, a tube containing a solution 
of protosulphate of iron suspended horizontally within a jar, also tilled with a solution 
of the same salt, and placed between the poles of two powerful electro-magnets, will 
plqpe itself axially or oquatorially, according as the solution contained in it is stronger 
or weaker than that in the jar. In the same manner, then, we may conceive that 
bismuth places itself oquatorially between two magnetic poles, because it is loss mag- 
netic than tho surrounding air. But the diamagnetism of bismuth and other bodies 
of the same class shows itself in a vacuum as well as in air: hence, if diamagnetism 
is not to be regarded as a distinct force, we must suppose that the it her is also 
magnetic, and occupies in tho magnetic scale tho place intermediate between magnetic 
and diamagnetic bodies. 


That a body suspended in a medium of greater magnetic susceptibility than itself, 
will recede from a magnetic polo in its neighbourhood, in consequence of the greater 
forco with which the particles of the medium are impelled towards the magnet, is so 
obvious a consequence of mechanical laws, that we can scarcely avoid attributing tho 
movements of diamagnetic bodies to the cause just mentioned, at least, when the body 
is suspended in air or other magnetic gas. There is, however, somo difficulty in 
reconciling the phenomena exhibited by compressed and crystallised bodies (p. 774) 
with this view. Tyndall some time ago (Phil. Mag. [4] ix. 20 />) objected 
to it, that tho intensity of diamagnetism as well hh that of magnetism is in- 
creased by compression; whereas, if the repulsion of a diamagnetic body were merely 
the result of tno greater attraction exerted upon tile particles of the surrounding 
medium, it ought to be weakest in that direction in which the body is most compresseib 
inasmuch as the compression must increase the total amount of attraction exerted on 
the particles of the body in that direction, but cannot in any way affect that which is 
exerted on the surrounding medium. Williamson (Proe. Hoy. Hoc. vii. 300) has, 
however, pointed out that, in considering this question, it is necessary also to take 
account of the attraction exerted on the magnetic medium (or ether ) interposed between 
the particles of the magnetic or diamagnetic body. When a cube of carbonate of iron 
is compressed, tho ponderable particles being more magnetic than tho medium which 
they displace, the force with which the body is attracted iH increased proj>ortionally 
to this excess. If it becomes more magnetic by compression, wo must, concludo that 
the loss of magnetic medium from its interstices is more than supplied by the mag- 
netic matter which takes its place. Carbonate of calcium, on the other hand, is less 
magnetic than the quantity of medium which its particles displace ; and when theso 
particles are brought closer together by pressure, the mass becomes more diamagnetic, 
because a certaiu quantity of the magnetic medium is thus replaced by tho less mag- 
netic matter. In both bodies, so long as they retain their original crystalline forms, 
tho optic axis is the direction in which the function of the ponderable particles predo- 
minates most strongly over that of the medium; so that in tho iron-salt it is tho 
strongest, and in the calcium-salt tho feeblest magnetic direction of the crystal. On 
the other hand, Hirst (Proc. Roy. Soe. vii. 448) suggests that, in estimating tho 
resultant action of a magnet on the particles of a body and the magnetic medium 
enclosed between thorn, account must be taken of the relative intensities of the action 
exerted on the medium in different directions: and he endeavours to show, by a process 1 
of reasoning for which we must refer to the paper above quoted, that, in two out of 
three possible cases, viz. (1), when the attraction of the magnet on the interposed 
medium is equal in all directions with regard to the line of compression, and (2) when 
it is greatest in that direction, the repulsion produced on a body whose specific 
magnetic susceptibility is less than that of the medium, will bo a minimum in that 
direction ; and, therefore, that in these two cases, the objection raised by Tyndall 
against the theory of diamagnetism under consideration is valid : but thAt, thirdly, 
in the somewhat improbable case in which the action of the magnet on the 
interposed medium is greatest in the direction at right angles to that of strongest 
attraction of the ponderable particles, the latter may be so far diminished, that 
the body may be most strongly repelled by a magnetic pole in the direction of 
greatest compression. If, therefore, this third case be also taken into account, Tyn- 
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fall's objection to the theory of a magnetic medium cannot he regard 
decisive. g<mjea as perfectly 

On the whole, then, the phenomena exhibited by compressed and cmtaJI.W v .. 
do not quite decide the question whether diamagnetic repulsion is merelvsJur .** 
phenomenon, or whether it is due to the action of a specific force That it 
differential can, as already observed, scarcely be doubted ; but, on the other h» 
existence of diamagnetic polarity shows decidedly that the effect is not wbollr d,L, 
this cause : for if it were, ever/ part of a diamagnetic body would be repelled h* 
either pole of a magnet. ^ 

It becomes necessary, therefore to seek some further explanation of the phenomena of 
diamagnetism ; and the following theory has been proposed by Weber andDe LaRive 
We must suppose, in the first place, that each molecule of a body possesses a natural 
polarity, by virtue of which, negative electricity tends to accumulate at a certain point 
°* °} lf ? Hurfkct ; (fif- 728 )> and positive electricity at the opposite point b Jfthis 
molecule is isolated and a good conductor, the two electricities will recombine alone 
its surface, forming currents contrary to those which are continually being produced in its 


Fig . 729. 



interior to re-establish the polar tension ; and the actions which these currents would tend 
to produce on any external point, destroy one another. If now the molecule be sup- 
posed to make one of a group, all the atoms of this group will act upon each other so 
as to bring their contrary poles towards one another, as in Jig. 729, and the opposite 
electricities, instead of recombining on the surface of each molecule, will form inter- 
molecular discharges, and, consequently, a current in the direction of the external arrows. 
These currents, existing in all the molecular groups, are in fact those which are 
assumed to exist in Ampere's theory (p. 769): in unmagnetised iron, they run in all 
directions, and the effect of magnetisation is to reduce them to parallelism. Now 
theso currents cannot pass between the molecules composing the group unless these 
molecules are sufficiently close together; and, accordingly, it is found that magnetic 
bodies are, generally speaking, those whoso atoraS are most closely packed • in other 
words, those which have the smallest atomic volumes (p. 773). Moreover, heat, which 
increases the distance between the atoms, diminishes the magnetic power of a body, and 
may even destroy it altogether. Diamagnetic bodies, on the contraiy, having, generally 
speaking, a large atomic volume, -that is to say, their atoms being very wide apart, — 
these atoms cannot discharge their opposite electricities one to another, but are in the 
state of the isolated atom {Jig. 728). If, however, these independently polarised atoms 
are brought near an electric current, or the system of currents constituting a magnet, the 
atoms are brought, by the polarised molecules of the current, into such a position that the 
contrary poles of the two systems are brought face to face, as in the formation of induced 
currents {Jig. 447, vol. ii. p. 454). Consequently, these atoms will place themselves, in 
their own group, in the same manner as those in Jig . 729 ; and if the action is suffi- 
ciently powerful, the polarity of the atoms of the molecular group will be increased by 
their mutual influence, to such an extent, that discharges will take place between them 
producing a current in the opposite direction to that of the magnet, in consequence of 
which the body will be repelled from the magnet. According to this theory, then, the 
chief difference between magnetic and diamagnetic bodies consists in this — that in the 
former the currents pre-exist round the molecular groups, and merely require to be 
brought to parallelism by magnetisation ; whereas in the latter, they are brought into 
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existence only under the influence of powerful currents, capable of bringing the atoms 
into the necessary arrangement. 

There are, however, considerable difficulties in the reception of this theory. In tlm 
first place, the diamagnetic powers of bodies are by no means proportional to their 
atomic volumes. Potassium and sodium, which have much greater atomic volumes 
than bismuth, are slightly magnetic; whereas zinc and copper, whose atomic volumes aro 
very small, are slightly diamagnetic. With regard to these two latter metals, Do la Hi vo 
observes that they are very good conductors, and, therefore, that the recomposition of 
the opposite electricities may take place along tho surface of each, in spite of tluir 
close proximity : and in support of this explanation he remarks, that on combining copper 
with chlorine and oxygen, which diminish its conductivity, it becomes magnetic. Hut 
this mode of explanation will not account for the maguetism of potassium and sodium, 
whiyh are intermediate in conductivity between iron and copper. Moreover, it. is 
difficult to see how, according to this theory, the diamagnetism of a body should be 
increased by compression. On the whole, it must be admitted that wo aro still very far 
from a satisfactory theory of diamagnetism. 

MCikGSrSTXSllK, TE2UIESTRIAL. The magnetic action of the earth has boon 
spoken of in a general way in the preceding article : wo shall here examine it more 
particularly. A magnetic needle suspended by its centre of gravity in such a manner 
that it can move freely in all directions, and placed beyond the influence of other 
magnets and masses of iron, places itself: 1. At a particular angle with the geo- 
graphical meridian of the place: this is called the declination. — 2. At a particular 
angle to the horizon, called tho inclination or dip of the needle. 

1. Declination — also called tho Variation of the Compass.- — The angle which this 
magnetic needle makes with the north and south line, or with the geographical meridian, 
is most conveniently observed with a needle whose movements are restricted to a 
horizontal plane ; as by supporting it on a steel point by an agate cap (fig. 7 IN), or on a 
stirrup of paper or copper suspended by a thread of unspun silk. When a needle thus 
suspended is carried to different parts of the earth's surface, its direction is continually 
changing. In certain parts of tho world, it points exactly north and south ; in all others, 
its position of equilibrium is more or less inclined to the geographical meridian of tho 
place. A vertical plane passing through its position of equilibrium is called the 
magnetic meridian of the place. 

The declination varies in direction and in amount both with place and with time. 
It is always spoken of with reference to the position of the north pole of the needle. 
Thus, when we say that the declination at Tendon is at present to the west, wo mean 
that the north pole of the needle points west of the geographical north. 

The points of the earth's surface at which the needle points due north and south aro 
situated on certain lines, called lints of no declination. One of these lines, whoso 
direction does not deviate* much from that of a great circle of the globe, may be traced 
from a certain point north-west of Hudson's Bay, across Canada, into the Atlantic 
Ocean, cutting the extreme east point of South America, near Cape St. Koeho, whence 
it passes across the South Atlantic Ocean, and meets the meridian of London near the 
60th degree of south latitude. Another line of no declination passes across the 
Southern Ocean at about 1*20° east longitude, traverses the west, of Australia in a 
nearly northerly direction, then passes westwards, forming a large loop enclosing tho 
islands of the Indian Archipelago and the two peninsulas of India, whence it passes 
northwards along the west of Japan, and enters Siberia, where it has not. been furt her 
traced. Another branch, which is perhaps a continuation of that which traverses tho 
Indian Ocean, passes northwards across the White Sea. There are, therefore, two 
systems of lines of no declination, which probably join «no another in file polar 
regions, so as to form a single curve passing round the globe, 

Between the American line on the west and the Asiatic lines on the east — that is to 
say, over nearly the whole of the Atlantic Ocean and the Old World — the declination 
is to the west; over the rest of the earth's surface it is to the east ; mid it diminishes 
on both sides as we approach these lines. In London, at the present time (1804), tho 
declination is 20° 46' W. 

Inclination or Dip . — Suppose a bar of unmagnetised steel to be suspended at its 
centre of gravity by a thread of unspun silk : it will come to rest in the horizontal 
position. But if it be magnetised, it will not only place itself in the magnetic meridian, 
but will take up an inclined position, the north pole in these latitudes pointing down- 
wards. The amount of the inclination or dip of the needle is best observed by mean* 
of a long needle supported by its centre of gravity on a horizontal axis (fig, 730), so 
that its movements are confined to a vertical plane. A dipping-needle thus mounted 
is represented in fig , 730. The horizontal circle serves to place the plane of the 
needle’s motion in the magnetic meridian, and the vertical circle to measure the dip. 
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As the needle always tends to place itself in the magnetic meridian, it is clear that 
if the vertical plane to which its movements are confined is placed at right angles to 
the magnetic meridiaD, tho needle will stand vertically, 
this being the only position in which it can place itself 
in the magnetic meridian. If this position be determined 
and marked on the horizontal circle, the vertical circle 
may be placed in the magnetic meridian by moving it 
round 90° therefrom. The angle of inclination may 
then be directly observed. 

The dip, like the declination, is of different amount in 
different localities. There are two points, one in each 
hemisphere, at which the dipping-needle stands exactly 
vertical; these are called the magnetic poles o£ the 
earth ; and about midway between them is a line called 
the m agn etic eq uator, or line of no dip, at which 
it stands horizontally. The magnetic equator is a some- 
what sinuous line, not differing much from a great 
circle inclined to the geographical equator at an angle 
of 12°, and cutting it in two points near the longitudes 
10° E. and 170° W., reckoned from the meridian of Paris. 
At all points between this line and the north magnetic 
pole, the north pole of the needle is directed down wards, 
the contrary being the case in the other magnetic hemi- 
sphere. The dip goes on increasing from the magnetic 
in London at the present firm* it is 68° 15', reckoning 

On comparing the positions assumed by the needle at different parts of the earth's 
surface, it is easily seen that they may be accounted for by regarding the earth as a great 
magnet, having its poles at the points where the dipping needle stands vertically, and 
its median line coinciding with the magnetic equator. The northern terrestrial 
magnetic pole, which corresponds with the south pole of an ordinary magnet, is situated 
on tho continent of North America, to the north-west of Hudson's Bay, and, according 
to tho observations of Capt. J. C. Ross, made in 1830, in latitude 70° 5' 17" N, and 
longitude 96° 13' W. from Greenwich (Aragn's Meteorological Essays, translated by 
Sabine , p. 360). The position of the southern magnetic pole has been approximately 
fixed by the observations of the same navigator, in latitude 73° 8. and longitude 130 E. 
The line of no declination passes through those two points, and the lines of equal decli- 
nation converge towards them. From observations made at different points in England 
and the south of Scotland, between March 1858, and October 1860, Sabine deduces 
68° 69'’2 as the dip at the mean epoch, 1st January, I860, at, a point whose latitude 
and longitude were the means of those of the stations included in the survey, namely 
latitude 52° 20', longitude 1° 41' W. from Greenwich. Tho minimum dip was observed 
at St. Leonard's (latitude 50° 51', longitude 0° 33' E.), where it. was 67° 44' 5 ; and 
the maximum 71° 29' 5, at Jordan Hill, near Glasgow (latitude 55° 52', longitude 
4° 19' W.), the direction of the isoclinal lines , or lines of equal dip, being from 
N. 71° 22' E. to S. 71° 22' W. (Bop. Brit. Assoc., 1861, p. 250). 

That the earth really acts like a magnet, is further shown by the magnetisation ot 
masses of iron placed in or near the line of the dip. In our latitude, where the line 
of dip does not differ greatly from the vertical, bars of iron standing constantly in the 
vertical directions, such as railings, lightngsg-conductors, &r., become magnetised 
with their north poles downwards, just as they would be if placed above the south 
pole of a steel magnet. 

The magnetisation of the masses of iron in a ship by the earth’s action, causes a 
considerable deviation of the compass-needle from its normal position ; and as the 
direction of the magnetisation thus induced is constantly changing as the ship changes 
its latitude, it is evident that serious irregularities in the indications of the compass 
may thence result : in short, there are several instances of shipwreck on record which 
have been clearly traced to this cause. This source of irregularity may, however, bo 
corrected by fixing a disc of iron, called a compensator, in such a position with regard to 
the compass, that its action shall be equal and opposite to that of the whole mass of 
iron in the ship : the needle will then be free to take up its normal position under the 
influence of the earth's magnetism. It is, however, found ‘better in practice to place 
the compensator in such a position that it shall produce an action equal to that of 
the iron in the ship, and in the same direction , so that, when placed in position, it will 
double the deviation produced by the iron in the ship : the amount of this deviation 
will thus be ascertained, and may be allowed for. This great service to navigation is 
the invention of Mr. Barlow, of Woolwich. 


Fig. 730. 



equator towards each pole 
Trom the horizontal plane. 
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The magnetic power of the native black oxide of iron is, doubtless, also due to the 
inductive action of the earth, and the very different powers exhibited by different 
specimens of the ore may, in part at least, be attributed to the different position of 
the veins with regard to the line of the magnetic dip. 

3. Intensity of the Earth's Magnetic force . — The magnetic force of the 
earth, like that of an ordinary magnet, is of different intensity in different parts. The 
relative intensities at different places are measured by counting the number of oscilla- 
tions made in a given time by a magnetic needle : for these vibrations are subject to 
the same laws as those of a pendulum, being isochronous when small, and the squares 
of t ho numbers of oscillations in a given time being proportional to the force which 
tends to bring the needle back to its position of equilibrium. 

The observations may be made either with the dipping or the horizontal needle. 
When a dipping-needle is disturbed from its normal position of equilibrium, it is 
urgeftback to that position by the whole force of the earth’s magnetism : so that, if tho 
intensities of the terrestrial magnetic forces at any two places are devoted by F, JF, and 
the corresponding number of oscillations made in a given time by «, m', we have, forth© 
relation between tho two forces, 

F : F' = : n'\ 

The horizontal needle, on the other hand, is urged back to irs normal position by only 
a portion of the terrestrial force, which becomes less as the magnetic latitude is greater. 
For the total force F acting on the needle in the line of the dip, may be resolved 
into two others, one vertical, which is destroyed by the suspension, the other, f, horizon- 
tal, which is that which is effective in moving the needle ; and if i be the dip at the 
place of observation, this horizontal force f is equal to F cos i. Hence, for any two 
places at which the total intensities art* F, F,' the angles of dip t, i* , and the numbers 
of oscillations n, n, we have the relation, 

n' 1 t F cos i 

n 2 J’ F" cos i. 

Therefore, F n 2 cos i ' 

F" ?/* cos 

At the magnetic equator, ; — o, cos i =* 1, anil therefore,/ *=» F; at the magnetic 
poles, i — 90°, and therefore f~ 0: in fact, at these points, the horizontal needle 
takes up all positions indifferently ; and near the poles, the force which directs it is very 
small, so that its indications cannot be depended upon. Hut, excepting in these high 
magnetic latitudes, the results obtained with the horizontal needle are more trust- 
worthy than those obtained with the dipping-needle, on account of errors affecting tho 
latter, from want of perfect horizontalit y in the axis, the friction on the supports, 
&c. ; whereas the horizontal needle is easily suspended by a thread of unHpun silk, 
which gives it almost perfect freedom of motion. [For full details on the construc- 
tion of instruments for observations on terrestrial magnetism, see Heequerel, 
TraitS de V ElectriMte ft dn Magnetism/\ Paris, 1840, tome vii. The atlas to flint work 
contains large diagrams of these instruments, and maps representing the directions 
of the magnetic meridians and parallels on the surface of the globe. See also Dagu i n, 
TraitS de Physique, tome iii. pp. 27, 55.] 

The magnetic intensity increases wit h the latitude. JTumlfohJt found a point of 
minimum intensity on the magnetic equator in Northern Peru, This vuluo is gene- 
rally taken as the unit to which the magnetic intensities at other parts of the globe are 
referred, as in the following table. 


Locality. 

Date. 

Latitude. 

Mn^nctk 

intensity 

Ix>rality. 

Date. 

Latitude. 

Magnet |c 
intensity. 

St. Anthony . 

1802 

0° O' 

1*087 

Brussels . 

1829 

60°62'N 

1*374 

Carthagena 

1801 

10 25 N 

1*294 

Berlin 

1829 

52 61 

1*300 

New York 

1822 

40 43 

1*803? 

Christiania 

1820 

69 65 

1*419 

Naples 

1805 

40 60 

1*274 

Petersburg 

1828 

69 00 

1410 

Lyons 

1805 

45 46 

1*333 j! 

Baffin’s Bay . 

1818 

02 43 

1*690 

Paris 

1800 

48 62 

1*348 jj 

Spifzbcrgen 

1823 

79 40 

1*507 


Referred to the same unit, the magnetic intensity was 1372 in London in 1827 (Sabine) 
According to ftabine, the intensity at the north magnetic polo is 1*624; at the south 
magnetic pole, according to Sir James Ross, it is 2*052. The smallest intensity, 0*7 06, 
observed fey A. Erman, is at 19 c 59' *S. and 10*2* E. (from Paris). 

In later observations made by British observers, an absolute unit of intensity has 
been adopted, corresponding with a second of time, a foot of space, and a grain of mass. 
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The magnetic intensity on this scale at London is at present 10*29; that is to say, it 
is a force capable of generating in one second, in a mass of one grain, a velocity of 10*29 
feet per second. The total force, expressed in absolute units, has been observed to vary 
at different parts of the earth’s surface from about 6*4 to 15*8. (Sabine, Admiralty 
Manual of Scientific Inquiry ; ed. 1859, p. 89.) r-ft 

The mean amount of the total force in England, deduced by Sabine from the magnetic 
survey already referred to (p. 780), for 1st January 1860, is 10*332, the minimum, 
10*225, having been observed at St. Leonard’s, and tho maximum, 10*626, atForn Tower 
(lat. 56° 22 ; long. 3° 50' W.). Tho direction of the isodynamte lines, or lines of 
equal intensity, in England, at the above date, was from N. 57° 35'*7 E. to S. 57° 35’*7 W. 

The isodynamic lines differ considerably from the isoclinal lines, or lines of equal 
dip, but bear considerable resemblance to the isothermal lines ; whence it appears 
probable that the magnetic intensity of the earth (like that of an ordinary magnet) 
is affected by heat. (For a chart of these lines, see Becquerel, loc. cit.) According to 
Gauss, there are in each hemisphere two points of maximum magnetic intensity coin- 
ciding with the points of greatest cold, but not with the magnetic poles determined by 
tho dip and declination of the needle. 

Variations of the Magnetic Elements, 

' The declination, dip, and intensity at any point of the earth's surface are subject to 
continual variations, both regular and irregular; and the regular variations are of 
two kinds: secular variations, of considerable amount, and extending over long 
periods of time; and periodic variations, of small amount, and running through their 
phases at short intervals. 

Variations of the Declination. — 1. SecuJar. Tho earliest exact observations of tho 
magnetic declination were made at. London in 1576, and at Paris in 1580. At London, 
in 1576, it was 11° 15' to tho east ; from thnfc time it diminished till 1657-1662, when 
it was nothing, the needle then pointing due north and south; it then became westerly, 
attaining its maximum of 24° 36' in 1800. In 1831 it had diminished to 24° O', and 
it is now (in 1864) 20° 45' W. At Paris it was 11° 30' E. in 1580, 0 in 1663, attained its 
maximum of 22° 34' W. in 1814, and had diminished to 20° 25' W. in 1851 At the 
Capo of Good Hope, the declination in 1605 was 0° 30' E., became nothing between 
1605 and 1609, then westerly, attaining its maximum of 25° 40' W. about 1791. In 
all cases the declination given for each year is the mean of those obtained for each day 
and for each month, so as to eliminate the diurnal and annual variations. 

2. Annual. — The declination of the needle is subject to small annual variations, 
which were discovered by Cassin i in 1780. At Paris and London, it is greatest about 
iho vernal equinox, diminishes from that time to tho summer solstice, and increases 
again during tho nine following months. The annual variation does not exceed from 
15' to 18'. It is also different in amount at different epochs. At London, from 1818 
to 1820, it was reduced almost to nothing; at which time, also, the secular variation 
was extremely slow, being near its maximum. 

3. Diurnal. — The diurnal variations of the declination were discovered by Graham 
in 1722. In Europe, the north pole of the needle begins to move westward at sunrise, 
and continues moving in the same direction till an hour or two after noon ; after which 
it returns and regains its original position at about 10 p.m., at which it remains all 
night. It appears, then, that the westerly declination is greatest during the warmest 
part of tho day. The amplitude of these movements is very small, and differs at dif- 
ferent times of the year, being sometimes froft*J20' to 25', at other times not exceeding 
5' or 6'. It also becomes less as wo approach fhe magnetic equator : thus, in the island 
of Rawak it never exceeds 3' or 4'. 

The periodic variations of the declination are the result of the superposition 
of two distinct variations, — one depending on the horary position of the sun, the other 
on his distance from the equator, the latter constituting the annual variation. 

Variations of the Dip . — The secular variations of the magnetic dip are of smaller 
amount than those of the declination. At Paris, in 1671, when the dip was first 
observed, it was 73° O', and has since been continually diminishing; in 1851 it was 
66° 35'. In London alao the dip has continually diminished since 1720 by about 2'*8 
per annum. In August, 1821, it was 70° 2'*81 ; in May, 1838, it was 69° 17 ‘30; in 
Angustand September, 1854, it was 68° 31'13 ; it is now 68° 15. 

The dip likewise exhibits annual and diurnal variations, being, aceordingto Hanstcen, 
about 15' greater in summer than in winter, and 4* or 5' greater before noon than after. 

Variations of the Intensity . — It is not yet distinctly ascertained whether tho 
magnetic intensity of tho earth exhibits secular variation? : indeed, the settlement of 
the question is attended with very great difficulty, inasmuch as it requires that tho 
needles used should preserve thefr magnetic power unaltered throughout the whole 
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coarse of the observations — a condition scarcely possible to fulfil for any great length 
of time. Gauss has found, indeed, by a peculiar method of observation which is inaa* 
pendent of the force of the needles used, that the magnetic intensity at Gottingen has 
not varied sensibly during several years ; but the time over which these observations 
extended is as yet too short to warrant any general conclusion on the subject It is, 
Iwiirover, scarcely possible that the declination and dip should change at any place 
without some corresponding variation in the intensity. By absolute measurements 
made monthly at Kew since April, 1 857, it appeurs that the total force had increased 
at that place, up to March 1862, at the average rate of 0 00125 annually. 

Periodic variations of intensity are more easily observed. In studying these, it is 
usual to observe separately the variations of the horizontal and vertical components of 
the magnetic force. The horizontal component exhibits an hourly variation, which is 
the resultant of two elementary variations — one diurnal, the ot her semi-diurnal. The 
amplitude of the semi-diurnal variation increases with the latitude, and is nothing at 
the equator. The phases through which it passes depend on the angular distance of 
the sun from the magnetic meridian. In mean latitudes, the curve which represent*! 
the variation of the horizontal component is similar to that of the diurnal variation of 
the declination, but six hours behind it. The semi-diurnal period is scarcely perceptible 
at St. Helena, but increases in distinctness at higher latitudes. 

The variations of the vertical component of the intensity follow t he same periods us 
thoso of the horizontal components. • 

Irregular Variations or Perturbations of the Magnetic Elements . — The magnetic 
needle, especially the declination-needle, frequently experiences accidental deviations, 
which deflect it more or less from its normal position for various intervals of time, 
sometimes for several hours. Some of Ihese disturbances may be traced to known 
causes, — namely, the aurora bon alis, earthquakes, ami volcanic eruptions. But fow 
observations have been made on the perturbations arising from tin* two latter causes, 
which, moreover, produce sensible effects at small distances only. The deviation* 
arising from ihese irregular disturbances rarely exceed a fraction of a degree, and tho 
needle returns to its primitivo posit ion as soon ns the disturbing cause has ceased to act. 

The coincidence of the aurora borealis with certain perturbations of the magnetic 
needle was discovered in 1710 by Celsius and II iorter. During the occurrence ot 
an aurora, the declination-needle is seen to deviate from its normal position, even ill 
localities where the meteor itself is not visible; sot hat the inspection of the needle often 
se rves to announce the, presence of an aurora, no trace of which can be directly seen. 
In our latitude, tho deviation does not exceed 20'; but it. is greater in the Arctic regions, 
where, indeed, the phenomenon has been principally studied. The culminating point of 
the auroral arch is always situated in the magnetic meridian of the place, and the 
centre of the crown to which the streams of light, converge is situated on the pro- 
longation of the line of the dip. So long as the auroral arch is stationary, the needle 
remains nearly at rest ; but as soon as the arch begins to throw out streamers, the needle 
oscillates, sometimes through several degrees, The effects iire more decided in propor* 
tion to the brightness of the aurora. The dip and the intensity are likewise affected 
by the aurora as well as the declination. 

The establishment of magnetic observatories, in which the motions of the needle aro 
observed continuously, haH led to tho discovery of perturbations which cannot be attri- 
buted to any of the preceding causes. One of the most, remarkable facts brought to 
light, by observing the. movements of the powerful magnets with which these establish- 
ments are furnished, is that the magnetism of tho earth is in a state of constant fluc- 
tuation, like the waves of the sea. Hence, in studying the diurnal, annual, and secular 
variations of the declination, &c., it is necessary to take the mean of a lurgo number 
of observations, in order to eliminate the irregular disturbances and brin^ out tho 
general laws. 

Another very remarkable phenomenon is the simultaneous occurrence of magnetic 
perturbations in very distant countries. Thus, Sabine mentions a magnetic disturbance 
which was felt simultaneously at Toronto, tho CHpe, Prague, and Van Diemen s Land. 
This coincidence of magnetic perturbations is so exact, that it has been proposed to 
make use of them in determining the longitude of the place of observation. Humboldt 
and Oltmann, in 1806 , observed some remarkable perturbations recurring at the same 
hours for several successive nights. These simultaneous perturbances have received 
the name of magnetic storms. . , 

There are also local perturbations extending to small distances only. Humboldt 
mentions one which was observed in the Saxon mines, hut was imperceptible at Bor in. 
Magnetic storms observed simultaneously from Sicily to Upsala, were imperceptible 
between Upsala and AJtona. 

l«Aaw»TO-*MCT»rcXTT. The development of electricity by magnetic 
action. (See Electricity, ii. 451.) 
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UOsMtKim. This name is specially applied to certain 
devised by Gauss for measuring the intensity of the garth’s marnieri* i BUruae *>ti 
JBecquerel, Traite de V Electricity et du Madnetisme, tome vii and ru (8* 

de Physique, Hi. 78.) ^ Uln > TVa# 


, iii- 78.) . .. 

MAGNJUM. Dnry's name for Magnesium : ft is also adopted bv Gm*r • . 
Handbuch. ' ■ ■■ m mhifi 


MAOVOrsnszTE. A compound of ferric oxide and magnesia, 2MsO IF *n* 
or 3Mg0.4Fe 2 0* f occurring in octahedral crystals among the products of "the! * f. 
of Vesuvius in 1855. Specific gravity about 4 6. (Rammelsberir p oe „ a „™ ptlnn 
457 ; Jahresber. 1859, p. 770. ) > SB- . cvu. 

MAHOGANY. See lire's Dictionary of Arts, <fc. iii. 16. 

m MJkXZE. Zca Ma 'ti. — The composition of the grain of this plant and of its ash is 
given in the article Cereals (i. 825, 827). See also Zf.in. On the germination of mmze 
see v. Plant a (Jahresber. 1860, p. 523). On the growth of maize in aqueous solu- 
tions of its constituents, sec St oh maim (ibid. 1861, p. 734). 

MAJOKAWA. See Marjoram. 

MAXWAH BUTTER. Syn. with Galam Butter (ii. 758). 

MALACHITE. Native carbonate of copper. (See Carbonates, i. 783.) 

• MALACOLITB, also called Sahlite , Pyrgom , Fassaite.—A variety of augite, 
consisting of silicate of calcium and magnesium’, with more or less iron (ferrosuin), a 
small portion of the bases being frequently also replaced by water. 

MAX AXIOM'S. A mineral having the form of zircon, and nearly related to it in 
composition. Hardness = 6 6. Specific gravity = 39 to 4' 05. Brown ami vitreous 
to subresinous ; powder reddish brown or uncoloured. 

Analyses.— a. From Hitteroe, Norway, bySchoerer (Pogg. Ann. lxii.436). b. From 

the Ilmengebirg, by Hermann (J. pr. Chem. liii. 323).— c. From Chunteloube, Haute 
Vienne, by Bamour (Rammdsherg' s Miner alchemic, p. 891): 



SiO a 

ZrO a 

Fo a O* 

Mu'CF 

VO 

CaO 

MgO 

H’O 

a. 

31-31 

63-40 

0-41 


034 

0 39 

Oil 

3 03 = 98-99 

b. 

31-87 

59-32 

3-11 

1-20 




4 00 = 99-50 

c. 

3105 

61-44 

329 

014 


0 08 


3 09 « 99 09 


These analyses lead to the formula 3(Zr0 2 .Si0 J ).IP0 or 3ZrSiOMPO which 
requires 32 60 per cent. SiO 3 , 64-22 ZrO 3 , and 3 18 water. 

MALAMIC ACID. \ c 

MALAMIDE, t hee Maltc acid - Amides of. 

MALAMTLIC ACID. Syn. with Amyl-malic acid. (See Malic ethers.) 

MALANIL. Syn. with Phbnyl-malimide. 

MALAVILXC ACID. Syn. with Phenyl-mai.amic acid. 

MA&ANXL1DB. Syn. with Phknyl-malamide. 

MA&BXO A.OZB. C<H'0* - J O’. Vyromalic add. Tyrosorbic acid. 

(Lassaigne, Ann. Ch. Phys. [2] xi. 93.— Pelouze, ibid. lvi. 72.— Liebig Ann Ch 
Pharm. xi. 276.— Buchner, ibid. xlix. 57.— KeKul6, Ann. Ch. Pbarm. Suppl. i 129 • 
ii. 85; Jahresber. 1861, p. 364 ; 1862, pp. 308, 319. —Gm. viii. 151.)— An acid isomeric 
with fumaric acid, and differing from malic i*»id (C , H s O') by 1 at. water. It is pro- 
duced, together with fumaric acid, by the dry Affiliation of malic acid. It has not yet 
been found ready formed in any plant. Equisetic acid, obtained from Equisetum flnvia- 
ttle was for some time regarded, on the authority of Kegnault, as identical with maleic 
acid ; but Baup has shown that it is really identical with aconitic acid (C^HHP). 

To prepsire maleic acid, malic acid is heated in a capacious retort, of which it fills 
about a fourth, the distillation being pushed on rapidly. Water then passes over first; 
afterwards, white vapours of maleic acid, which condense in the water. As soon as 
the residue in the retort thickens, the fire must be withdrawn ; the distillation then 
goes on of itself for some time, till a solid residue is left in the retort, consisting of 
fumaric acid. An additional quantity of maleic acid may be obtained by distilling 
this residue at a higher temperature ; but the product is then coloured and difficult to 
purify. By evaporatiug the distillate at a gentle heat, the maleic arid is obtained in 
crystals. 

Maleic acid crystallises in oblique, rhomboi'dal prisms, generally having their summits, 
modified with octahedral faces. It is colourless and inodorous ; its taste, sour at first, 
soon excites a very unpleasant sensation of nausea. It is very soluble in water and in 
alcohol; dissolves also in ether. The aqueous solution reddens litmus strongly ; when 
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left to itself in an open Teasel, it creeps np the sides and effloresces in forms Hh» 
cauliflower heads. ** 

The crystals melt *y&out 130°, and the liquid acid begins to boil at about 160°, being 
then resolved into wawr and maleic anhydride, If the acid, instead of 

being rapidly hea$$£ to 160°, be boiled in a very long and narrow tube, so that the 
water which escapes is obliged to fall back upon it, the maleic acid is converted into 
the isomeric body fumaric acid. The same transformation takes place on heating 
the acid in a tube sealed at both ends. * 

Maleic acid is also converted into fumaric acid by heating it with concentrated hydriodic 
or hydrobromic acid , or by boiling for some time with dilute nitric acid. When 
hydriodic acid is used, the fumaric acid is subsequently converted into succinic acid. 

Maleic acid in contact with water and sodium-atnalyam takes up hydrogen, and is 
converted into succinic acid: 

C 4 II 4 0 4 + IP - C^IPO 4 

Maleic Succinic 

acid. acid. 

The same transformation takes place when maleate of calcium is fermented in con- 
tact with cheese. (Dcssaignes.) 

In contact with water and bromine, maleic acid is converted into di bromosuccinic 
acid, C^IPBr'O 4 , and another more soluble acid of the same composition, called iso- 
dibromosuccinic acid. (Kekule.) 

Ma i. rates. — Maleic acid is dibasic, forming acid salts, C'lPMO 4 , and neutral salts, 
C^H/M'^OV The maleatos bear considerable resemblance to the fumarutes, with which 
they are isomeric ; but they may be distinguished by tin* difference of solubility between 
fumaric and maleic acid: solutions of the maleatos are not precipitated by other acids, 
whereas on adding a mineral acid to the solution of a furnurate (sufficiently concen- 
trated and not warm) a precipitate of fumaric acid is formed. 

Mai rates of A m mon i am.— -a. The neutral salt is obtained as a crystalline jolly by 
saturating the aqueous solution of the acid with ammonia, and evaporating over limo 
in vacuo. Absolute alcohol added to the concentrated aqueous solution throws down 
the salt in the form of a white crystalline powder, which may be dried by repeated 
washing with alcohol, and pressing between paper, but, when exposed to the air, 
quickly becomes glutinous and deliquescent (Bur. Ii nor). This suit does not precipi- 
tate a solution of sesquichloride of iron, a character which distinguishes it from the 
corresponding salt of aconitic arid. 

0. The acid salt is obtained by exactly neutralising a known quantity of the. aqueous 
acid Math ammonia, then adding an equal quantity of the acid, and evaporating to the 
crystallising point at a gentle heat. It forms crystalline lam tier, which are permanent 
in the air, redden litmus, and give off' nothing at 100° : their solution evolves ammonia 
when boiled ; it is very easily soluble in water, but not in alcohol. 

Maleates of Barium, a. Neutral salt. C 4 H*Ba"OV2H . Maleic acid forma 

with baryta-water a pulverulent precipitate, which disappears on the addition of a small 
quantity of cold water, but reappears after a while in shining scales (Lassaigne). 
According to Pelouze, the precipitate is converted into the crystalline scales, even with- 
out addition of water. On adding a saturated solution of baryta-water to the concen- 
trated aqueous acid, the precipitate redissolves at first in the excess of acid; even when 
sufficient baryta-water has been added to neutralise tin* acid, the precipitate is but 
small : but, after a few minutes, the whole solidifies to a tremulous gelatinous mass, 
resembling hydrate of aluminium, which, after being pressed, dries up to small crystal- 
line lamina*. These crystals are obtained still more distinct on evaporating the 
aqueous solution (Regnau It). -2. The salt is also obtained by adding carbonate of 
barium to the hot aqueous acid, as long as effervescence continues, then filtering hot, 
and leaving the solution to crystallise (Bii ch ner). — 3. The concentrated acid added 
to acetate of barium throws down a white crystallo-granular, neutral salt. Part of the 
salt, however, remains dissolved in the acetic acid which is set free, and may be preci- 
pitated by ammonia : this portion is also crystallo-granular, and haa the same compo- 
sition (Bii ch ner). The salt crystallises from its aqueous solution on cooling, in small 
shining needles united in stellate groups; and the solution, when evaporated at a tem- 
perature below its boiling point, becomes covered with a crystalline crust (Buchner). 
The crystals, after drying in the air, lose f>2 per cent. (1 at.) water at lOO'-' (Buch- 
ner), and 7*3 per cent, at 150° (Regnault). They dissolve sparingly in rohl water 
(in 9 pta. water at 20°, according to Regnault), with tolerable facility in boiling water, 
easily in aqueous maleic or acetic acid, easily also in excess of baryta-water. 

0. Acid salt, C*H # Bh'' 0*.»>HH) — Obtained by saturating the aqueous acid with kite 
neutral salt; or by saturating a known quantity of the Waling aqueous acid with car- 
bonate of barium, and adding another equal quantity of acid to the hot filtrate. The 
resulting solution yields, after rather strong concentration, indistinct crystals, which 
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redden litmus, give off the whole of their water of crpUMtotion (19-67 per cent.) at 
100°, and*di 980 lve in water, but not in alcohol (B 

Maleatee of Calcium,.— a. The neutral salt, ohtti£ino<l accord- 
ing to Buchner, in small needlea^ejy soluble in in alcohol, by 

saturating the boiling aqueous acm$j(4th carbon a b* "< - '1l|^jgopcon trati ng the 

flltratojtjb a gentle heat. According to Pelouze, a sonifltfb of i^Beate^ of potassium 
mixea with concentrated aqueous chloride of calcium remains clear, after a few 
days deposits needles which are but sparingly soluble in water# By saturating the 
boiling acid with carbonate of calcium and evaporating the filtrate at* a gentle heat, 
small needles are obtained united in salino crusts ; they do not give off any water at 
100°; dissolvo readily in water, but not in alcohol (Biichner). This salt, when fer- 
mented with casein, is converted into succinate of calcium. (Deasaignes.) 

3. The acid salt , C"H"CV t) K .6IPO, is formed by dissolving the neutral salt in a 
quantity of the aqueous acid equal to that which it already contains, and concent rating 
the solution somewhat strongly. It forms long rhombic prisms, which are permanent 
in the air, redden litmus, give off 24 1 per cent. (£ at.) of water at 100°, and dissolvo 
readily in water, but not in alcohol. Oxalic acid added to the solution, throws down 
the lime. (Buchner.) 


Maleate of Copper , C'H s Cu*0‘. — 1. On boiling carbonate of copper in the aqueous 
acid, the filtrate is found to contain in solution but a small quantity of salt, which 
crystallises out on evaporation ; if the residue on the filter be freed from the carbonate 
of copper still adhering to it, by means of dilute acetic acid, which dissolves but a 
small quantity of the maleate, the latter remains in the form of crystals, which may be 
washed with cold water.— 2. When a concentrated solution of acetate of copper is 
mixed with an equivalent quantity of maleic acid, and evaporated at a gentle heat, 
acetic acid goe9 off, and maleate of copper crystallises out ; the crystals must be washed 
with cold water. Tho light blue crystals are but sparingly soluble in water, even at a 
boiling heat, but dissolvo readily in aqueous ammonia. (Bite h u e r.) 


Maleate of Cupr ammonium . — The dark blue solution of maleate of copper in 
junmonia may bo evaporated, even near its boiling point, without loss of ammonia, and 
alcohol added to the concentrated solution precipitates the compound in the form of a 
neutral, azure-blue, crystalline powder, which gives off ammonia when heated with 
potash, and dissolves readily in water, but not in alcohol (Buchner.) 


Maleate of Jr on (ferricum ). — Neither mnloie acid nor maleate of potassium preci- 
pitates ferric acetate ; neither is ferric chloride precipitated by maleate of ammonium. 
A boiling solution of maleic acid dissolves a small quantity of ferric hydrate, forming 
a brownish solution which yields a red-brown syrup on evaporation. 


Maleate of Lead , C‘H 2 Pb w 0 4 .3H 2 0. — 1. Free maleic acid forms a precipitate 
with neutral acetate of lead (Lassaigno), but not with the nitrate (Braeonnot) ; if 
the solution is dilute, tho white precipitate changes in a few minutes into shining 
micaceous laminae ; but if tho solution is concentrated, ami the acetate of load in 
excess, the mixture solidifies to a tremulous mass, which changes slowly — or quickly 
on tho addition of water — into crystalline laminae, which with difficulty give off thoir 
16*5 per cent. (3 at.) water (Pelouze). — 2. Maleate of potassium added to nitrate of 
lead, throws down white flakes; these soon change to a translucent pasty mass, and 
then, when washed upon a filter, diminish considerably in volume, and are converted 
into small pearly needles (Lassaigne). The salt dissolves in nitric, but not in 
acetic acid. (Braeonnot.) 

M aleates of Magnesium, a. Neutral $tdt, C'H , Mg"0 4 (at 100°). — The aqueous 
acid saturated at the boiling heat with carbonate of magnesium, yields a liquor which 
leaves on evaporation a tumefied spongy mass perfectly soluble in water. The con- 
centrated solution of the salt yields with alcohol a bulky precipitate, which is not 
hygrometric, but gives off 27 36 per cent, water at 100°: it is very soluble in water and 
in dilute alcohol 

3. Acid salt , C®H 8 Mg"0 8 .6H a 0. — By cooling a solution of 1 at. of the neutral salt 
and 1 at. maleic acid in hot water, small transparent and colourless rhombic crystals 
are obtained, which redden litmus strongly, grate between the teeth, taste like Epsom 
Salts, and dissolve readily in water, but are insoluble in alcohol. At 100° they give 
goff 34*95 per cent, water. 

Maleate of Nickel, C'H*Ni"O l .H 2 0. — By boiling the aqueous acid with carbonate 
of nickel, and evaporating the dark green, slightly acid filtrate, a gummy liquid is 
obtained, and ultimately apple-green crystals and crystalline crusts, insoluble in 
alcohol, but readily soluble in water, (Biichner.) 

Maleate s of Potassium. «. Tho neutral salt, C 4 H 3 K ? 0* (at 100°), is obtained 
by saturating the acid with carbonate of potassium, and evaporating, inradiute crystals 
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which arc soft like wax, vear*olubie in water, but insoluble in alcohol, Qtradding 
alcohol to the concent^g ^j^ ^us solution, this salt is procipitated a» kgrwulo- 

$. Acid salt, saturating the agid with carbonate of potassium, 

adding an equal fcid, and ooeligjjphe solution, after sufficient con- 

centration, this saitffflflODtShiftrffi small crystals ijty soluble in water; the solution 
reddens litmus. is insoluble in alcohol. It does not give off uny* water 

at 100°. 

On adding nH|$eio amd to a concentrated solution of the neutral potassic salt, no 
precipitate is foirtned immediately, but tho acid salt is deposited aftor some time. 
(Buchner.) 

Maleatcs cf Silver, a. Neutral, C 4 II*Ag*0‘. — The acid gives no precipitate with 
nitrate of silver, but maleate of potassium or ammonium throws down a white proei- 
pitatcs(La8saigne, Braconnot). The white precipitate obtained with an alkaline 
maleate changes in a few hours to tolerably large, transparent and colourless crystals, 
having an adamantine lustre ; aftor drying, it detonates slightly on the application of 
a gentle hoat. (Liebig.) 

(3. Acid salt, CFHMgO* (at 100°). — Obtained in flno colourless needles by mixing a 
solution of maleic acid with nitrate of silver, and evaporating at a gentle heat, 

Maleates of Sodium., a. Neutral, C*H*Na' i O\ — The aqueous acid saturated with 
carbonate of sodium and evaporated, yields a magma of needles on cooling. The salt is 
precipitated from its aqueous solution by alcohol, as a crystalline powder. It is not 
deliquescent. 

0. The acid salt , C 4 H*NaO*.3JFO, obtained like the acid potassium-salt, forms 
rhomboidal prisms, sparingly soluble in cold, more soluble in boiling water, insoluble 
in alcohol. The solution has an acid reaction. The crystals contain 28‘3 per cent, 
crystallisation-water, which they give off at 100°. 

Sodio-potassic maleate , C 4 H*KNa0\H*0. — On neutralising an aqueous solution of 
maloato of sodium with carbonate of potassium, then evaporating and cooling the syrup, 
a few small crystals are obtained, floating in a gelatinous mother-liquid. On precipi- 
tating tho concentrated aqueous solution with absolute alcohol, and setting the crystal- 
line magma aside in contact with absolute alcohol, there is finally obtained a white, 
easily deliquescent, crystalline powder, which gives off 91 3 per cent. (2 at.) water at 
1 00°, and contains 25 65 per cent, potash, and 1 7*64 per cent, soda. (Buchner.) 

Neither the ammonio-potassic nor the ammonio-sodic salt has yet been obtained. 

Maleates of Strontium — a. The neutral salt , C 4 Il , 8r"0 ‘.511*0, forms silky 
needles. — 0. The acid salt, C"H*Sr"0 , .8H , O t obtained like tho corresponding barium- 
salt, crystallises in rectangular prisms, which are limpid, and acid to litmus-paper. 
Tho salt is soluble in water, but insoluble in alcohol. It gives off the whole of its 
water (31‘4 percent.) at 100°. (Buchner.) 

Maleate of Zinc, C 4 H*Zn"0\2lI i 0. — On boiling the aqueous acid with carbonate 
of zinc, and evaporating the filtrate at a gentle heat, gelatinous flocks are de|>oHilod, 
which become completely crystalline on standing. The solution when heated, deposits 
the salt in crystalline crusts. Tho crystals do not lose anything at 100°; they are 
very soluble in water, but insoluble in aleohoL (Buchner.) 

Substitution-derivatives of Maleic Acid. 

Maleic acid does not yield substitution-products by the direct action of chlorine or 
bromine; but compounds have been obtained by indirect processes, having the compo- 
sition of these substitution-products, and analogous to maleic acid in their properties. 

Bromomaleic acids. Those compounds are produced by the decomposition of 
tho brominated derivatives of succinic acid. 

Monobromomaleic acid, C^H’BrO’.— Of this acid then* are four modifications. 
One of them, usually called bromomaleic acid, is obtaim*d, as an acid barium-salt, 
by boiling an aqueous solution of dibromosuecinate of barium : 

2 (C*HW| 0 , _ C-IIBrOVjo* + Btt'Br’. 

Bromomaleic acid, obtained from this barium -salt in the usual way, crystallises readily 
in large nodules, formed of prismatic crystals. It melts between 126° and 126°, and >#* 
resolved, at about. 150°, into water and bromomaleic anhydride, an oily liquid, 
which, after repeated rectification, boils at about 21 2°, and in contact with water is slowly 
reconverted into the acid. 

Bromomaleic acid is converted by sodium-amalgam into succinic acid. It does not, 
like bromom&lic acid, yield tartaric acid when boiled with lime. When heated U> 100" 
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ifitli irat«r and bromine, it yield a a eiystallisabli 
bsd44»,romotartaric acid: v 

i C*R*BrO* + - 





SSHBr. 


“M^-sSSss 


Bromomaleic acid is dibasic. Its salts usually f< 

The silver-salt, C*HBrAg 9 0\ separates, on mixing 

mtl&p of silver, as a white amorphous precipitate, whit 
decomposition from boiling water. (Kekule.) 

IsobroTnomaleic acid. This acid, isomeric with the preceding, is produced by h r 
mdibrommcciaic acid to 180°, or by boiling and evaporating its aqueous solution" 18 
C 4 II 4 Br 2 0* — C 4 H s BrO 4 + HBr; 

also by boiling isodibromosuccinic anhydride with water. 

Isobromonmleic acid, is very much like bromomaloic acid, but melts at a higher 

temperature, viz. 160°. Its silver-salt is easily decomposed by' boiling with watA > . 

I$o6romo77ialeic anhydride, C‘IIBr0*0, is obtained, with evolution of hydrobromic 
acid, on heating isodibromosuccinic anhydride to 180 It is crystallisuble. 

Two other acids having the composition of bromomaleic acid, viz. meta- and para - 
broanomaleic add , are found, together with dibromosuccinic acid, in the most soluble 
portion of the secondary products resulting from the action of bromine on succinic acid. 
Both are crystallisable and very soluble in water. The former melts at 126° — 127° ; 
the latter at 172°. Their silver-salts are more stable than that of isobromomaleic acid. 
C 4 Br*0 3 ) 

Dibromomaleic acid , jp>0 3 . — This ac ^ * 8 P ro ^ uce ^* * n small quantity, 

together with dibromosuccinic acid, and the two last-mentioned modifications of mono- 
bromomaleic acid, by the action of bromine on succinic acid. It is found in the last, 
mother-liquors, and may be obtained therefrom by distillation and slow evaporation of 
the distillate. It is probably a product of the decomposition of previously formed 
tribromosuccinic acid. 

Dibromomaleic acid crystallises in nodular groups of large neodles. It is extremely 
soluble, and volatilises with the aqueous vapours. Melts at 112°. Its lead - and silver- 
salts are crystalline precipitates, which detonate when heated ; the silver-salt, also, by 
percussion. (Kokuld, Lchrbuch d. org. Chemie , ii. 315. — Ann. Ch. Pharm. cxxxi. 1.) 

C 4 HC10 3 f 

Cbloromaleic acid. — Obtained by the action of pentachloride of 

phosphorus on tartaric acid. When 1 pt. of tartaric acid is heated with 5 or 6 pts. of 
the pentachloride, large quantities of hydrochloric acid are evolved, together with oxy- 
chloride of phosphorus, which must be removed by prolonged heating to 120° in a 
current of air. The residue consists of oily chloride o f chloromaleyl, C 4 HC10 2 .C1*, which 
is resolved by water into hydrochloric and chloromaleic acids. 

The reaction may bo explained as follows : — The first product of the action of penta- 
chloride of phosphorus on tartaric acid is the tetrachloride of the radicle of that acid : 

C 'h.° J |o' + 4PC1 1 = CffO’.Cl' + 4POCI* + 4HC1, 

Tartaric acid. Tetrachloride 

of tartryl. 

and this tetrachloride, which is identical with dichloride of dichiorosuccinyl, is resolved 
by heat (in a manner analogous to the decomposition of isodibromosuccinic acid, already 
mentioned) into hydrochloric acid and dichloride of monochloromaleyl . 

C 4 H 3 C1*0 3 .C1 3 « e*HC10*.Cl 3 + HC1. 

Dichloride of dichloro- Trichloride of 

succinyl. dhlhromalcyl. 

Chloromaleic acid forms white microscopic needles, soluble in water and fusible by 
heat. It is dibasic. The lead- and silver-salts are crystalline precipitates. (Perkin 
and Duppa, Ann. Ch. Pharm. cxv. 105.) 


Isomaleic acid, C 4 H 4 0‘. 

Isomalic acid (p. 794), treated with pentachloride of phosphorus, yields a chloride, 
which, when in contact with water, is converted into this acid, isomeric with maleic 
acid. 

Isomaleic acid is crystallisable, less soluble in water than maleic acid, more soluble 
than fumaric acid. The neutral potassium-salt forms deliquescent crystals. The 
lead-salt is an amorphous precipitate. The silver-salt is very soluble in water, and its 
solution, when boiled, deposits metallic silver. (Kammerer, J. pr. Chem. Ixxxviii. 
821 ; Jahresber. 1863, p. 379.) 

KA1BZO AVETDIZBE. C'H’O* ~ C 4 H*0».0. (Pelouze, Ann. Ch. Pharm. 



MALIC ACID. 

. 26&-^Keknl4&& Sapp! kit 87.) — This compound is obtained by i 
l maleic acid, and g^d fying^the product several times, the first portion c_ — 

» being each It is a white crystalline mass, which melts atl 

oils at 196°. U0fmjfok water it is converted into maleic acid. ^ ^ , 

p Maleic anhydride maites directly with bromine, producing a substance which hat the 
-composition of dibromosuccinic anhydride, C^H'BriCKO, is converted by water into 
isodibromosuceimc acid, and is resolved at 180° into hydro bromic acid and isotyromoM 
maleic anhydride. (KekulA) < 



nun AOHk C‘H‘0 1 . (CH’OTj 0 *. (Gm. x. 205.— Q«rh. i. 787.)— This 

acid was discovered by Scheele in 1785, but its composition was first correctly deter- 
mined by Liebig (Ann. Ch. Pharm. xxvi. 166). It is very widely difhised in the 
vegetable kingdom, and is contained iu plants, sometimes in the free state, sometimes 
in foe form of a potassium-, calcium-, or magnesium-salt. It is found iu abundance, 
together with citnc acid, in unripe apples, in the fruits of the barberry, sloe, elder, 
and mountain-ash, and in gooseberries, cherries, bilberries, strawberries, raspberries, 
and many other acid fruits. It is likewise found in the roots of marsh-mallow, 
angelica, aristblochia, bryony, liquorice, primrose, and madder ; in carrots aud potatoes ; 
in the leaves and stems of aconite, belladonna, hemp, celandine, holy thistle, lettuce, 
tobacco, poppy, rue, sage, house-leek, tansy, th vino, valerian and melilot ; in the flowers 
of chamomile, elder, and mullein ; in pino-applos and grapes ; iu the seeds of carraway, 
cumin, parsley, anise, flax, and pepper; in asufoctida, opopanax, myrrh, &c. 

Malic acid, as it exists in plants, exerts a rotatory action on polarised light. An 
acid having exactly the same o.omj>oaition and properties, including the rotatory power, 
is produced, according to Piria (Ann. Ch. Phys. [3] xxii. 160), by the action of nitrous 
acid on osparagin or on active aspartic acid ; but, by acting with nitrouB acid upon 
inactive aspartic acid (produced by the metamorphosis of fumarimide), Pasteur nas 
obtained a modification of malic ucid destitute of rotatory power (Ann. Ch. Phys. [3] 
xxxiv. 46). 

Malic acid is found, according to Berzelius, among the residues of the preparation 
of nitrous ether. Debus (Ann. Ch. Pharm. c. 1) could notdetect malic acid in these 
residues, but found instead, glyoxylic acid. 


Preparation . — From the berries of the Mountain-ash. These likewise contain small 
quantities of tartaric and oitric acid, especially while very unripe. (Liebig.) 

The juice of mountain-ash berries, not quite ripe, after being pressed, boiled up and 
filtered, is partly neutralised with carbonate of potassium, leaving, however, a sufficient 
excess of acid to redden litmus pretty strongly ; then precipitated by nitrate of lead 
(or with neutral acetate of lead, if carlxmate of potassium is not used) ; set aside for 
a few days, till the curdy precipitate is completely converted into small needles ; theso 
crystals freed from the admixed mucous or flocculent compound of lead-oxido and 
colouring matter (which is particularly abundant when acetate of lead is usod) by 
careful elutriat ion with cold water; and, lastly, well washed with water. — a. Tho needles 
are boiled with a quantity of dilute sulphuric acid not sufficient to decompose tho 
whole of them, as long as any granular deposit continues to subside ; the uniform pulpy 
mass mixed with aqueous sulphide of banum, till a filtered sample is found to contain 
baryta ; the liquid filtered (the sulphido of lead then acting as a decolorising agent); 
the colourless filtrate boiled with excoss of carbonate of barium; tho liquid again 
filtered (tartrate and citrate of barium remaining on the filter); the baryta precipitated 
from tho filtrate by careful addition of dilute sulphuric acid ; and the filtrate, which 
should show no turbidity, either with sulphuric acid or with chloride of barium, evapo- 
rated to the crystallising point. If the filtrate should become turbid on addition of 
sulphuric aci<L it must be evaporated down, the residue exhausted with alqohol; the 
liquid filtered from the remaining nmlate of barium ; and again evaporated. — b. Or 
the needles of impure malate of lead are boiled with a slight excess of dilute sulphuric 
acid; the filtrate divided into two equal portions; one portion exactly neutralised with 
ammonia; the other portion then addfd; and the reddisn liquid evaporated and cooled; 
it then yields nearly colourless crystals of acid malate of ammonia, which may lie 
rendered quite colourless by recrystallisation. These crystals are then precipitated by 
acetate of lead, and the precipitate, after thorough washing, is decomposed by aul- 
phydric or sulphuric acid. (Liebig.) 

By similar processes, malic acid may be obtained from house-leek, from cherries ot 
barberries, from the berries of Iihue coriaria , from the stems of rhubarb, from apples, 
and from tobacco. 


Properties. — The aqueous solution of malic acid concentrated to a syrup, and then 
left to evaporate in a warm place, yields groups of colourless shining needles or prisma 
of 4 or fi feces. They melt at 83° C. (Pelouze), at 1(H) 0 (Pasteur), and do art 
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taste, and deli- 


Mpfer any loss of weight at 120°. They are odourless, have i 
the air. Malic acid is soluble in alcohol. 

The aqueous solution of active malic acid rotated the plane of polarisation of a luminous 
ray to the left :[«]*=— 6°. Some of its salts possess dextrorotatory, others ltevo- 
rotatory power. The presence of acids, whether 'mineral or organic, increases the 
tendency to laevo-rotation. (Pasteur.) 

Decompositions. — 1. The acid heated for some hours to between 175° and 180° in a 
retort placed in the oil-bath, is resolved, without any evolution of gas or carbonisation, 
into water, maleic acid, which passes over in the liquid form with the water, and 
crystallises soon afterwards, ana about an equal quantity of fumaric acid (ii. 741), 
part of which distils over, while the rest remains in the retort in the form of a crystal- 
line mass. If the malic acid be suddenly heated to 200°, and kept for some time at 
that temperature, a comparatively large quantity of maleic acid is obtained ; but at 
150°, the malic acid is very slowly, but almost completely, resolved into water %ml 
fumaric acid. The first product of the decomposition perhaps consists entirely of 
maleic acid, which, however, if the heat be not quickly raised to the point of volatili- 
sation, is converted into fumaric acid. (Pelouze.) 

If a strong fire be made to act immediately on the malic acid, it swells up, turns 
brown, and yields, together with maleic and fumaric acids, large quantities of car- 
bonic oxide and carbonic anhydride, empyreumatic oil, and charcoal, which must be 
regarded as decomposition-products of the maleic and fumaric, not of the malic acid. 
(Lassaigne). — 2. In the open fire, the acid burns with tho odour of burnt sugar. — 
3. The acid in combination with potash is decomposed by bromine , with formation of 
bromoform (Cahours, Ann. Chim. Phys. [3] xix. 507). — 4. Nitric acid easily con- 
verts it into oxalic acid, with evolution of carbonic anhydride. 

6. By the action of reducing agents it is converted into succinic acid. The roduc 
tion takes place readily on heating it with concentrated hydriodic acid to 130° (Schmitt, 
Ann. Ch. Pharm. cxiv. 106); also when malate of calcium is fermented in contact 
with yeast. (Piria, ibid. lxx. 102; Liebig, ibid. 104, and 363.) 

6. By slow oxidation in the cold with acid chromate of potassium, it is converted into 
malonic acid (Dessaignes, Ann. Ch. Pharm. evii. 251) : 


C 4 H“0 4 

Malic 

add. 


+ O 2 - 


C 8 H 4 0 4 

Malonic 

acid. 


+ H 2 0 + CO*. 


When heated with chromate of potassium and sulphuric acid, it gives off all its carbon 
as carbonic anhydride (Doberoinerl. Boiled in dilute aqueous solution with 
peroxide of nianganese, it yields a distillate containing aldehyde (Liebig, Ann. Ch. 
Pharm. cxiii. 14). 

7. Malic acid gently heated with excess of potassic hydrate , is resolved into oxalic 
and acotic acids : 

C 4 H 4 K 2 0 4 + KHO - C 2 H 8 K0 2 + C* 2 K*0 4 + H 2 . 

When malate of calcium (1 pt.) is heated with pentachloridc of phosphorus (4 pfs.), 
chloride of fumaryl passes over (Perkin and Duppa (ibid. cxii. 24). When 
malic acid (1 at.) is heated with the pentachloridc (2 at.l till it begins to turn brown, 
and the product is decomposed with water, fumaric acia is obtained. (Liis-Bodar f, 
ibid. c. 327.) 

Mala. tbs. —Malic acid, though most probably triatom ic, as shown by the consti- 
tution of its amides (p. 796), contains only 2 a£ hydrogen replaceable by metals. It 

may therefore be conveniently represented b/.the formula (C 4 H*0*)"'>0 , (8imilartofhut 

H 2 ) 

of glycollic acid, which is diatomic but monobasic), and the neutral and acid malates 
H ) Hi 

by the formulae C 4 H 8 0* JO 8 , and C 4 H*O a VO*. Malic acid has a great tendency to form 
M 2 > H.M ) 

acid salts. 

The active and inactive modifications of malic acid yield respectively active and 
inactive salts. The former sometimes exhibit hemihedral modifications ; the latter are 
always holohedral. 

The malates heated to 200° give off water, and are converted into fumarates : 


C 4 H 4 M*0* 


C 4 H*M*0 4 


HK>. 


Nearly all malates are soluble in water. A solution of the acid or of a malate is not 
precipi tated by lime-water or chloride of calcium , either in the cold or on heating; but 
on the addition of alcohol, a white precipitate of calcic malate separates. Neutral 
malate of calcium is also precipitated by long boiling of a solution of malic acid, nearly 



MALIC ACID. $0 , 

neutralised with ldj^T.Qf lime. With acetate of lead, malic acid forms a white prect 9 $» 
tate soluble in excess of malic acid and in ammonia: this precipitate when heated iSHl ** 
mother-liquid, melts to a semifluid, transparent mass, Malates are not blackened liy 
heating with fuming sulphuric acid; this reaction distinguishes malic from citric and 
tartaric acids. 

Malates of Aluminium. — Tho neutral salt is a transparent gum, which ml dens 
litmus slightly, is permanent in tho air, and dissolves readily in water, forming a solu- 
tion which is not precipitated by potash or ammonia. There is also a Ixisie suit 
sparingly soluble in water. 

Malates of Ammonium. — a. Tho neutral salt is very soluble and unerystalli- 
sable. 

P. The acid salt, C 4 IP(NH 4 )0 5 , is prepared by treating mala to of load with dilute 
sulgjiuric acid, talcing care to avoid an excess of acid, filtering, dividing tho liquid into 
two parts, saturating one with ammonia, then adding the other, and ovapmiting to a 
syrup. The salt prepared with optically active malic acid crystallises in fine trans- 
parent prisms, belonging to the trimetric system, with well-defined and strongly reflect- 
ing faces. Ordinary combination, ooP . aopao . ^Pao, sometimes with hemihodmt 

facets Inclination of tho faces, ooP : uoP mm. 71- 30' i iP ao : | Poo , in the piano of 

thobrachydingoiial and vertical axis — 137° 35' ; Pqo : Poo in the same plane 103° 36’. 
Cleavage easy, perpendicular to the faces ooP. The salt, when crystallised from pure 
water, or from water acidulated with nitric acid, is never hcmihcdrul ; hut the erystabi 
acquire that character when molted till they liegin to decompose, and then recrystal- 
lised. It would appear, therefore, that the action of heat, gives rise to the formation 
of small quantities of products which induce tho development of hemihedrat faces. 
Specific gravity of the crystals = 155 (that, of water at 12-5° = 1). Tho crystals dis- 
solve in I’ll pts. of water at 16‘7°. The solution deflects the piano of polarisation to 
the left: rotatory power for 100 millimetres: [«] =* — C c or -7°. Jf the salt, is dis- 
solved in nitric acid, it becomes dextro-rotatory: [a] *= + 50°. By dry distillation, it 
gives off water, and leaves an insoluble residuo of furnurimide (ii. 740). Ammonia 
escapes, however, together with the water, and the residue contains fumuric and maleic 
acids, together with malic acid both active and inactive. 

Tho acid ammonium-salt of inactive malic acid forms two kinds of crystals, --(n) The 
solution when evaporated first yields crystals having tho same comjMSUtioii as tho active 
ammonium-salt, and the sarno form, wit h exception of the hcmihodral faces, which are 
absent.— (A) The mother-liquor separated from those crystals dejaisits, after a while, 
largo, hard, transparent crystals containing 2 at. water more than the salt a, and be- 
longing to the monoclinic system. Ordinary combination, ooP . [ooPn| . [ Pao 
Inclination of faces, coP : ooP in the plane of the clinodi agonal and principal axis 
«r 124° 19' ; [ oo Pn] : ooP * 149° 33' ; [Poo ]: [Poo ] in the plane of the clinodiagonsl 
and principal axis — 127° 20'; [Pao ] : ooP ** 85° 22' and 119° 22'. Anglo of tho 
inclined axes = 110° 66'. No homihedral faces. Inactive acid nialato of ammonium 
is decomposed by heat in tho same manner as tho active salt. 

Active acid nialato of ammonium unites in atomic proportion with acid dextro- 
tartrato of ammonium ; the inactive salt does not. 

Malates of Antimony. — The neutral salt has not been obtained. 

Malate of Antimony and Ammonium is obtained, according to Pasteur, by boiling % 
solution of acid malate of ammonium with antimonic oxide. The liquid left to evapo- 
rate yields the double salt in large crystals, having tho Immihedral faces very fully 
developed. Tho solution i8 dextro-rotatory ; for 100 millimetres : [a] + 116*47°. 

Malate of Antimony and Potassium is obtained in t he crystalline state by saturating 
acid malate of potassium with antimonic oxide. Neither of these double salts has been 
analysed. 

Malates of Barium, a. N< viral salt , C 4 II*Bh" 0\2II*0 ?— It is difficult to saturate 
malic acid with carbonate of barium, so completely that the liquid shall no longer 
redden litmus-paper. The solution evaporated in a vacuum deposits transparent 
plates neutral to tost paper, and giving off 10’G per cent., water at 220°. The solution 
when boiled deposits white crusts of the anhydrous salt, having no appearance of erv*- 
tallisation ; they are absolutely insoluble in water whether cold or boiling, but dissolve 
rapidly on adding a trace of nitric acid ; the solution thus formed is not precipitated by 
ammonia. 

0. Acid-salt. Uncrystalliaable and more soluble than the preceding. 

Malates of Calcium. «- Neutral salt, C‘H*Ca"0 4 .— 1. Malic acid docs not become 
turbid on addition of excess of lime-water (Br aeon not, Ann. Ch. Phys. [2] li. 331 t 
Lassaigne); not even in concentrated solutions and on the application of heat, — a 
Vol. III. 3E 
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character by which malic is distinguished from citric acid (H? Rose, Pogg. Ana 
Xixi. 210; Winckler). The acid neutralised with lime-water yields on evaporation 
in vacuo (an acid mother-liquid remaining) largo, thin, shining laminae, which dissolve 
readily in water, and after drying in vacuo at, ordinary temperatures, give off all their 
water « 17 per cent. (2 at.) at 180°, and about half of it at 100°. Their aqueous 
solution, when left to evaporate in the air, again yields laminae, but when heated to the 
boiling point, deposits a white, granular, nearly insoluble salt with 1 at. water. Hence 
the laminae, in parting with half their water, likewise lose their solubility. (Bichardson 
and Menzdorf, Ann. Ch. Pharm. xxvi. 135.) 

2. Dilute malic acid agitated in the cold with excess of carbonate of CAlcium, 
remains strongly acid; but the filtrate, when boiled, coagulates to a pulp composed of 
granules of the monohydrated neutral-salt, which is nearly insoluble in water and in 
aqueous malic acid (Richardson and Menzdorf). From the solution thus 
obtained, the neutral salt separates in four-sided prismR, which grate betweeff the 
teeth, dissolve in 83 pts. of cold and a somewhat smaller quantity of hot water 
(Lassaigne); or as a granular powder of anhydrous salt, which is nearly insoluble 
both in hot and in cold water. (Iiagen, Ann. Oh. Pharm. xxxviii. 257.) 

3. The same granular powder is thrown down from the aqueouB solution of the acid 
salt by several hours’ boiling. (Hagen.) 

4. A mixture of aqueous chloride of calcium and neutral malato of sodium deposits, 
after a while, the neutral malato of calcium, in transparent crystalline grains. This 
salt scarcely froths up in the fire ; it is completely decomposed by the soluble alkaline 
carbonates. It dissolves in 147 pts. of cold water, forming a solution which tastes 
somewhat like nitre, and in at most 65 pts. of boiling water, from which it does not 
separate on cooling. (11 v a c o n n o t. ) 

5. The solution of acid malate of calcium neutralised with a soluble alkaline carbo- 
nate, yields, by evaporation at a gentle heat, hard shining crystals of the neutral salt, 
which contain 3 at. water, givo off 1 at. water at 100°, assuming the appearance of 
porcelain, and are completely dehydrated at 150°. (Hagen.) 

0. The granular salt, left to itself in the moist state for two days, takes up water, and is 
converted, under circumstances not yet determined, into rough, translucent, globular 
crystals, which, after drying in the air, whereby they are rendered opaque, give off 
22 49 per cent. (3 at.) water at 200°. (Dessaignes and Cathaurd, J. Pharm. [3] 
xiii. 243.) 

Noutral malate of calcium is easily obtained in the crystalline state by dissolving 
the acid malato in ammonia, and leaving the solution to evaporate. If the solution is 
dilute, an abundant crop of crystals is obtained in 24 hours ; but if the salt is dissolved 
in hydrochloric acid, and ammonia then added in excess, it takes a considerable time to 
crystallise. 

The crystalline form of this salt is hemihedral, and it produces dextro-rotation, 
whether dissolved in water or in hydrochloric acid. (Pasteur.) 

Neutral malate of calcium, kept for some months under a shallow layer of water in a 
vessel covered with paper, is converted into succinate (Dessaignes). During the 
winter, crystallised hydrated carbonate of calcium and a mucous organisation are like- 
wise produced; but in the summer months, the sole product consists of needles of 
succinate of calcium, which gradually rise above the diminishing malato of calcium, 
while a small quantity of gas is given off. (Dessaignes, Compt. rend, xxviii. 16.) 

When a mixture of 4 pts. of malate of calcium, 24 pts. of water, and 1 pt. of yeast 
(or a smaller quantity of putrefying cheese jpr fibrin) is set aside in a warm place, a 
tolerably brisk evolution of pure carbonic anhydride takes place, the muddy calcium- 
salt begins in the course of three days to become granular and heavy, and after the 
evolution of gas is terminated, appears under the microscope to consist of transparent 
needles united in stellate groups, and composed of succinate and carbonate of 
culcium. The supernatant liquid contains acetate of calcium. 

If too much yeast or cheese is used, or if the mixture becomes too hot, hydrogen gas 
is evolved as well as carbonic anhydride, and possibly in equal volume ; and in that 
case there is obtained but little succinic and acetic, but a large quantity of butyric 
acid, and a colourless, volatile oil, smelling of apples, which may be obtained by dis- 
tilling the liquid ; this oil dissolves readily in water, and may be separated therefrom 
by chloride of calcium or carbonate of potassium : it, however, dissolves a larger 
quantity of chloride of calcium in the dry state. Forth© fermentation in which succinic 
and acetic acid are produced, and pure carbonic anhydride is evolved, the equa- 
tion is ; 

3C 4 H*0* - 2C*H*0 4 + C 2 H 4 0* + 2CO* + IPO. 

For the fermentation, when hydrogen is evolved ; 

2C*H*0* - C 4 H B O l + 4 00* +H* 
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or, if the evolution of hydrogen ia consequent on the decomposition of succinic mold: 
$C*H*0* - 2C 4 H*0* + 4 CO* + H* 

Part of the carbonic acid remains with the lime, (Liebig, Ann. Ch. Pharm. In*. 
104, and 363.) 

According to E. J. Kohl (Ann. Ch. Pharm. Ixxviii. 252), mulute of calcium fermented 
with putrefying casein gives off nothing but carbonic anhydride, and yields princi pally 
lactate of calcium, with small quantities of succinate, acetate, and carbonate. W. Baer 
(Arch. Pharm. [2] lxix. 147) obtained a similar result w*ith the juice of monnt&in-ash 
berries, neutralised with carbonate of calcium, mixed with beer-yeast* and left, to stand 
at ordinary temperatures. Winckler (Jahrb. pr. Pharm. xxii. 300) found a large 
quantity of lactic acid in the acid residue of cider, and supposes it to have been formed 
by fermentation of the malate of calcium contained in the juice of the apples. Reb- 
ling(Arch. Pharm. £2] lxvii. 300) observed thut., in the fermentation of malate of 
calcium, valerianic acid is formed as well as succinic and butyric acids. 

When a solution of inactive malic acid is neutralised with lime-wator, no turbidity is 
produced; but on uddition of alcohol, the neutral calcium-salt is deposited in white 
amorphous flakes. On boiling the neutralised aqueous solution, a granule-crystalline 
precipitate is formed, having the composition C 4 H‘0 h"O s , and but sparingly soluble in 
water, either hot or cold. Whon a solution of acid malate of ammonium containing 
the inactive acid is mixed with a soluble calcium-salt and excess of ammonia, no pre- 
cipitate is formed at first, but aftor 24 hours, transparent crystals united in nodules 
are formed, containing 2C‘H l Ca"0\ 5aq. (Pasteur.) 

A Acid salt, C 9 H ,0 Ca"O l0 .8H 2 O. — This wilt may be preparod from the stems of 
Geranium zonalc (Braco n not). Also from the berries of Rhus glahrum or copallinum, 
by exhausting them with hot water, evaporating the infusion, decolorising it with 
animal charcoal previously purified with hydrochloric acid, evaporating the filtrate 
further, setting it aside to crystallise, and purifying the resulting crystals, if necessary, 
by recrystallisation (Rogers, Sill. Am. J. xxvii. 294). Tobacco also contains it in 
large quantity. The solution of the neutral suit in warm dilute nitric acid, deposit* 
the acid salt in crystals on cooling. (Hagen.) 

The crystals of the salt prepared with tho active acid belong to the trimetric system. 
Ordinary combination, ocP . co Pn . oopoo . P <x> inPoo Inclination of the fuces, 
go P : ooP a 93° 26'; ccP : ooPn = 162° 14'; ooPoo : ooP=»133° 17'; ooPoo : Poo — 
136° 33'; J*oo : mf® =* 163° 30'. Cleavage easy parallel to ooPoo. When crystal- 
lised from pure water, it docs not exhibit hemihudral faces ; but when crystallised from 

mP 

nitric acid, all the crystals have four faces — , and for a certain concentration of tho 


acid, these facets become so much developed as nearly to obliterate the principal faces 
of the crystal. The crystals dissolve in 60 pta. of cold water, and in a much smaller 
quantity of boiling water: they are insoluble in absolute alcohol. They give off 22*37 
per cent, (nearly 3 at.) water at 100°, and are completely dehydrated at 180°. 

The inactive salt resembles the preceding in every respect, excepting that it has no 


hemihadral faces. 

According to Braconnot, acid malate of calcium saturated with alkaline carlonates 
yields double salts, viz. ammonia potassio-, and sodio-calctc malates ; but thoy have 
not been analysed. 

Malates of Copper.— a. The neutral salt, C 4 H 4 Cu "0 8 .U 3 0, is a gummy mass of a 
fine green colour, and very solublo in water. 

3. The acid salt , CH^Cu'OValPO, is obtained in fine bluo crystals, by saturating 
the cold aquoous acid with cupric hydrate and evaporating at 40°. 

y. A f>asic salt, 2C 4 H 4 Cu"0\Cu"0.4H' ; 0, is obtained, as a green insolublo powder, by 
Isriling malic acid in excess with cupric carbonate. The rarl>ormto treated in the cold 
with excess of malic acid dissolves in considerable quantity, and the solution, whon 
lsnlod, immediately deposits the salt just mentioned; but if evaporated in a vacuum 
1 Kit. ween 40° and 50°, it deposits dark groen crystals containing the same proportion 
of malate and oxide of copper with 6 at. water. 

A mixture of cupric sulphate and malate of ammonium deposits by spontaneous 
evaporation, first crystals of cupric sulphate, then green acicular crystals unalterable 
in the air, of a double salt , consisting of cupric malate and sulphate of ammonium. 
(II. Schulze, Arch. Pharm. [2] lvii. 273.) 

Malate of Iron (Jerricum).-*-B oth tho neutral and acid salts are brown, gummy, 
permanent in the air, very soluble in water and in alcohol. A solution of a feme 
salt containing malic acid is not precipitated by alkalis. .... 

Malates of Lead.— a. The neutral salt, C 4 H 4 Fb" 0 4 . 3 H* 0 , is obtained by preci- 
pitating neutral acetate of lead with a solution of calcic or potassic malaLo ; it is a 

3*2 
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white curdy precipitate, which, when left for some hours in a solution of the acetate, is 
converted into four-sided needles grouped around a common centre. This salt melts 
in boiling water to a transparent pitchy mass ; it is very slightly soluble in cold, more 
soluble in boiling water; a strong aqueous solution deposits it in shining needles. It 
dissolves very easily in nitric acid ; acetic acid and malic acid do not dissolve it more 
freely than pure water. Acetate of lead also dissolves the malate, and deposits it by 
slow evaporation in silky needles. 

According to R Otto (Ann. Ch. Pharm. oxxviii. 175), a neutral malate of lead 
having, after drying at 100°, the composition C*H 4 Pb"0\H' i 0, is obtained by dropping 
a partly neutralised solution of malic acid into an excess of boiling aqueous solution 
of basic acetate of lead, boiling for several hours with de-aerated water, -and washing 
by decantation. 

Both the active and inactive malates of lead melt with equal facility in boiling 
water; the only difference observed between the two modifications is that the inactive 
salt takes a longer time than the active salt to become crystalline, the latter, which is 
amorphous at the timo of precipitation, being converted into needle-shaped crys- 
tals in a few hours, whereas the inactive salt may remain amorphous for several 
days. This character may serve to distinguish between the two salts, when only small 
quantities of them are at hand. Both salts melt immediately on bein^ immersed in 
boiling water, but a portion dissolves and is precipitated when the liquid cools and is 
left at rest ; the active malate is then deposited after 24 hours in shining prisms 
grouped in tufts ; the inactive salt, on the contrary, is deposited in the amorphous 
state, and covers uniformly the sides of the vessel ; but after a few days, this amor- 
phous precipitate disappears, and is replaced by needle-shaped crystals, also grouped 
in tufts, and exactly resembling those of the active malate. (Pasteur.) 

Malate of lead in the amorphous state easily parts with the whole of its combined 
water (14 per cent. = 3 at.) when dried over sulphuric acid. If the salt is crystallised, 
the water is retained with greater force, and it must be heated to about 150° to dehy- 
drate it. 

Neutral malate of lead, which melts easily when thrown into boiling water, does not 
melt in the hot air chamber, either at 100° or at a higher temperature. It even 
retains its crystalline aspect up to 170°, in spite of the loss of its water of crystallisa- 
tion, and only then begins to assume a dull woolly aspect. When heated to 220°, it 
gives off more water, and is converted into fumarate of lead. 

0. A basic salt , Pb' , 0.2C 4 H 4 Pb / '0 s , is obtained by digesting the neutral salt -with 
ammonia, or by pouring acetate of lead into the solution of a malate mixed with 
ammonia, or, according to Otto (lac. cit.), by dropping a perfectly neutralised solution 
of malic acid into excess of a boiling solution of basic acetate of lead. It never 
becomes crystalline, and docs not melt in boiling water, but if acetic acid be added, it 
melts, with considerable diminution of volume, being then evidently converted into the 
neutral salt. 

Basic malate of lead dissolves in acetate of lead, like the neutral salt, and the solu- 
tion, ifteomewhat concentrated, is precipitated by ammonia. It is nearly insoluble in 
water, either cold or boiling ; but sufficiently soluble to blue red litmus paper, when a 
few moist fragments are placed upon it. 

Malates of Lithium. — Both the neutral and acid salt are uncrystallisable. 

Malates of Magnesium.— a. Neutral salty C 4 H 4 Mg"0 s .5H*0. A dilute solution 
of malic acid boiled with magnesia yields a liquid which, when evaporated to a pellicle, 
deposits after some time, rhomboi'dal prisms of this salt, containing 5 at. water, four 
of which aro given off at 100°. Alcohol add&Hto the concentrated solution precipitates 
it in anhydrous flocks, which become pasty by heat. 

0. The acid salty C B H ,0 Mg"O ,0 .4lP0 l is obtained in flattened prisms, by half saturat- 
ing malic acid with carbonate of magnesium, and evaporating to crystallisation. It 
gives off half its wator at 100°, and melts at a higher temperature. 

Malates of Manganese. — a. The neutral salt , which ib uncrystallisable and very 
soluble, is obtained by saturating the acid with carbonate of magnesium. The acid 
salt is precipitated as a white powder, on adding malic acid to a solution of the preced- 
ing salt. It dissolves in 41 pts. of cold water, and is deposited from boiling water in 
transparent rose-coloured crystals. 

Malates of Mercury . — These salts have not been analysed. When malic acid is 
digested with mercurous oxide, a crystalline powder is formed. The same salt is 
obtained on mixing malate of potassium with a dilute solution of mercurous nitrate. 
It is decomposed by boiling with water. 

When mercuric oxide is boiled with a strong solution of malic acid, the filtered 
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liquid, deposits small crystals of an acid salt soluble iu water ; with excess of mercuric 
oxide, an insoluble yellow basic salt is formed, (Harff, Arch. Pharm. [3]v. 281.) 

Malate of Potassium.— a. Neutral. Uncry stallisuble, deliquescent, insoluble in 
strong alcohol (Braconnot). — 3. Acid. Crystals, permanent iu the uir, soluble iu 
water, insoluble in alcohol. (I) uuova n. ) 

Malate of Silver, C'H'Ag^O 4 . — Nitrate of silver forms, with a solution of neutral 
or acid malate of ammonium, a white granular precipitate, which becomes yellow when 
thoroughly dried. If heated atYer drying, it melts and decomposes, swelling up u little, 
emitting an empyreumatic odour, and leaving perfectly white metallic silver. The 
acid malate of silver has not been obtained. 

Malates of Sodium. — The neutral salt is uncrystallisublc. Tlhe acid salt is crystal- 
line, permanent in the air, soluble in water, insoluble in alcohol. 

Malates of Strontium. a. Neutral salt, CHihSr'OMUO (at 100°), Malic 

acid is not rendered turbid by stroutia-water ; but, on evaporating the mixture, n crys- 
talline mass is obtained, very soluble in water. When malic acid is digested with car- 
bonate of strontium, a solution is obtained which slightly reddens turmeric, and deposits 
after concentration mamnn llattd groups of crystals having the above composition. 

0. An acid salt is precipitated in the crystalline state on adding malic acid to an 
aqueous solution of the neutral salt; it is but slightly soluble iu cold water, more 
soluble in boiliug water. 

Malate of Thallium crystallises with difficulty; it is deliquescent, and melts 
below 100°. (Kuhlmann.) 

Uranic Malate. — Yellow ; sparingly soluble in water. (Kiehter.) 

Malate o f Yttrium. — 1. When an aqueous solution of malic acid is poured upon 
carbonate of yttrium, part of the resulting salt dissolves, and is obtained by evapora- 
tion in small white nodules. — 2. Neutral alkaline malatcs throw down from yttrium- 
salts — when the solutions of the two salts are concentrated and mixed in due propor- 
tion— a white, almost crystalline powder, which remains in white granules when its 
aqueous solution is evaporated.— The air-dried salt is C , H 4 Y"<) A .JI*0. It does not 
give oft’ its water at 110°, and is but slowly decomposed at higher temperatures. It, 
dissolves in 74 pts. of water; its solution in aqueous malic acid deposits the neutral 
salt unchanged. It dissolves abundantly in aqueous malate of sodium, and does not 
crystallise on evaporation. (II e r l i n . ) 

Malates of Zinc. a. Nmtral salty C 4 If 4 Zn"0 s .. , Iir <! 0.--Whcij tin* aqueous acid is 
saturate with carbonate of zinc at a temperature below 31P, the filtrate deposits, after 
a while, small shining crystals which gradually but completely give off their 3 at. water 
at 100° (H agon). When, on the other hand, the acid is saturated at a high tempera- 
ture, and the solution filtered from a basic salt which sejmrntes on cooling, and further 
evaporated, crystals are deposited, containing indeed 3 at. water, but having a diffi*» « ut 
form, and obstinately retaining about ' 4 ' at. water at 100° (Hagen). They arc short 
hard, strongly lustrous, four-sided prisms (square, according to Lass aigne), perpendi- 
cularly truncated, or bevelled with two faces; they redden litmus (lira con not). They 
become opaque at 100°, giving off 10 p. e. of water, ami at 120° swell up and crumble 
to it white powder, giving off at the same time 10 p. c. more water (Liebig). They 
dissolve in 55 pts. (67 pts. at 20°. according to Lassaigne) <>f cold, and 10 pts. 
of boiling water, from wnich the salt does not separate on cooling. (Braconnot ") 

0. Acid salt, C B H l0 Zn"O ,0 .4H , O. — Obtained by supersaturating the salt a with the 
acid, and washing the resulting crystals with alcohol. Jt forms elongated square-based 
octahedrons, which swell up when heated, giving off 8*33 per cent, water, and are con- 
verted into a gum ; they dissolve in 23 pts. of cold water. (II r aeon not.) 

y. Basic salt, Zn"0.2C 4 H 4 Zii"0\4lP0?-~ThiH salt remains, on dissolving Hid neutral 
salt in water, as a crystalline residue, containing 48' 11 per emit, zinc-oxide (Hr aeon not). 
The solution obtained by continuous boiling of I he aqueous acid with carbonate of zinc, 
solidifies on cooling to a tremulous jelly, which by prolonged boiling with wafer is con- 
verted into a sandy powder. This powder is not decomposed by water at, 100°, but 
at 200° it give* off water, and is partially converted into fumarate of zinc. (Hagen.) 

Brom omaU o acid. C 4 H s BrO s .- No substitution-products have yet been obtained 
from malic acid ; but when an aqueous solution of dibromosuccinute of sodium is 
boiled, and then evaporated, a mass of crystals is obtained, having the composition of 
acid brotnom alate of sodium, CHUBrNaO*. From this salt, other bromomalatea 
may be formed by double decomposition ; but the acid itself has not yet been obtained. 

Acid bxomomaiate of sodium is distinguished from the bromomaleate (p. 787) and 
its isomers, by yielding tartrate of calcium when boiled with lime-water. (K.ekul£, 
Lohrbuch , i 185.) 
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l8omalic acid , C 4 H 8 0 5 . 

An acid, isomeric with malic acid, and perhaps identical with diglycollic acid 
(ii. 912), the silver-salt of which was deposited from a photographic silver-hat li* 
containing nitrate of silver and milk-sugar, which had been used for a long time for 
dipping papers soaked in succinic or citric acid The free acid separated by sulphydric 
acta from the silver- salt, forms a crystalline mass, or by slow crystallisation, trans- 
parent, well- developed crystals resembling those of augite. The acid ammonium - 
salt, C 4 H a (NH 4 )0 J .2H 2 0, remains, on evaporating the neutralised acid with ammonia, 
as a radio-crystalline mass. The neutral potassium-salt, C 4 H 4 K 2 0 a .H 2 0, crystallises 
in monoclinic laminae. The lead-salt is a white precipitate, perfectly insoluble 
in water, and not melting or baking together in boiling water. The silver-salt , 
C*H 4 Ag 2 O a , which is flocculent at first, is converted, when warmed with water, into 
microscopic six-sided tables, which do not decompose at 100°. This salt, treatedswith 
iodide of ethyl, yields the neutral cthylic ether , 0'H 4 (C 2 H 5 ) 2 0\ as a colourless liquid, 
gradually decomposed by water. 

The isomalates, treated with pentachloride of phosphorus, yield a chloride isomeric 
with chloride of fumaryl, according to the equation : 

C 4 H 4 M 2 O a + 3PCl a o. 2MC1 2HC1 + 3POC1 9 4- C 4 H 2 0 2 C1 2 . 

This chloride is a liquid, which is partly decomposed by distillation, and, in contact 
with water, is resolved into hydrochloric acid and isomaleic acid, C 4 H 4 0 4 (p. 788). 
(Kammeror, J. pr. Chem. lxxxviii. 321.) 


ACID, AMIDES Ol*. When ammonia is passed into an alcoholic 
solution of cthylic malate, small crystals of nialamide are gradually deposited: 
C 4 H 4 (C 2 IP) 2 O a + 2NH S - C 4 H H N 2 0 3 + 2C 2 H e O; 

Malate of ethyl. Malamide. Alcohol, 

and when dry ethylic malate is saturated with ammonia-gas, the product soon solidifies 
to a crystalline mass of cthylic malumato or mulamcthane, C 8 H"N0 4 

H 

the decomposition being represented by the equation : 


(C 4 H s 0 2 ) 

C 2 HMP 


pmaum 

„} O 2 

‘) N ’ 


C 4 H 4 (C 2 H 3 ) 2 O a + NH* 


C«H"N0 4 + C 2 H"0. 


This latter compound, dissolved in alcohol and saturated with ammonia, likewise yields 
nialamide. 

; differs from 
t containing 
„ , and being 

thereby converted into ammonia and malic acid. It differs also in optical rotatory 
power: [a] = — 47 5. (Demondesir, Ann. Ch. Pliarrn. Ixxx. 303. — Pasteur.) 

Malamic acid, C 4 H 7 N0 4 , which is nut am eric with aspartic acid (i. 422), has not 
been isolated. 

If malic acid be regarded as triatomic and dibasic, and represented by the formula 

H 

C 4 H , O a ■ O 9 (p. 790), in which two out of the three tvpic hydrogen-atoms are saline, 
H* 


that is, easily replaceable by metals, and the third, alcoholic , that is, most easily re- 
placeable by acid-radicles (see ii. 915), the difference between malamic acid and mala- 
mide on the one hand, and aspartic acid and jisparagine on the other, may be represented 
by formula* analogous to those of glyeot^ip monamide (the so-called glycollumide, 
ii. 908) and glycociue (ii. 902), thus : T '■ 


H 

(C 4 H 9 0 2 )'" 

H 2 

Malic acid. 


0 s 


H 2 ) 

(C-H-oyN 

IP j w 

Aspartic ncid. 

H ) O 

(C*H 3 0 2 )"[n 


H.H 2 


O 


Malamic acid. 


II 2 

(C 4 H 3 0 2 Y 

H.H 2 

Asparagin. 

H 


(C 4 H>o 2 r 

H 2 H 2 j 

Mai amide. 


N 

O 

N 


O 

N* 


Aspartic acid bears the same relation to malic acid that glycocine bears to glycollic 
acid. The saline or basic hydrogen of malic acid is still present in aspartic acid, but 
the alcoholic water- residue HO of the malic acid is replaced in aspartic acid by the 
ammonia-residue NH 2 . Asparagine is the amide of aspartic acid. Hence it is that 
aspartic acid is not decomposed by boiling with alkalis (the ammonia-residue not being 
in the saline place), and that asparagine, when treated in the same way, gives off only 
half its nitrogen as ammonia, and is converted into aspartic acid. In malamic acid, on 
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the other hand, the ammonia-residue occupies the salino placo; and, consequently, 
trhen malamide, which is its amide, is boiled with alkalis, the decomposition does not 
stop at the formation of malamic acid, but goes on to the formation of malic acid and 
ammonia. 

H* } 

The neutral amide (triamide) of malic acid, (C 4 H J 0 1 )'" } N*. is not known. 

IIUH J 

Malamic acid and malamide may be derived from the acid and neutral mulufos of 
ammonium by elimination of l and 2 at. water respectively, and, by further abstraction 
of water, the other compounds in the following table may be conceived to be formed, 
though only one of them, viz. fumarimidc (ii. 740), has actually been obtained: 


H 1 


ir 

iC 4 H f 0 2 )'" 1 

[ 0# 

(OlPO-)" 

H 4 N 1 

ii* 

H 4 N J 


it* 

Neutral main to 
of ammonium. 

Malamide. 

H 


H 1 

(c 4 H»o*r 

■ o a 

(C 4 H :, 0*)’" l 

II. H 4 N . 


H.H* ) 

Acid mal.de of 

Malamic acid 


ammonium. 


II 

(CJPO*)"' 

IP 


N* 


(unknown ) 


II 

(C 4 JPO)* 




Nitrile 

(unknown). 


H 

(CMHO 2 )'" 

H 


Malimide 

(unknown). 


o 

N 


(C*IP0 2 )".N 


Nitrile 

(Kumurlmute). 


Malic acid was formerly regarded as diatomic as well as dibasic, being represented 
by the formula ^ ^ j O*, which agrees perfectly with the constitution of its salts. 

Moreover, the formulae of malamic acid and nialamide are easily derived from it.; but 
then the so-called fumarimidc cannot be supposed to contain the sunn* radicle, but must 
actually be regarded as the imide of fmnaric acid ; thus : 


II 

(C 4 H 4 0*)'' 

H 

Malic acid. 


O* 


(CMPO 3 )" 

II* 

II* 

Malamide 

asparagine. 


| N ’ 


(C 4 ii 4 OT (c) 

if ) u 

Mal.nulc arid and 
aspartic acid. 


(CH*0*) 

H 


Futnariinlde. 


I s 


But the formation of this compound by heating acid malato of ammonium to ICO 0 -— 
200°, and its conversion into inactive aspartic acid by boiling with strong hydrochloric 
acid, show that it is intimately related to malic acid, and, therefore, that the t.riutorniu 
formula of malic acid, which renders it possible to express fumarimide by a formula 
containing the same radicle as the acid, must be regarded us preferable (Kekult^). 
Moreover the relation of malic acid to succinic and tartaric acids cannot be adequately 
expressed by a diatomic formula. 

Substances closely resembling fumarimide or malonitrile, are likewise obtained, 
according to Hessaignes, by the uction of heat on acid fumarato and acid maleato of 
ammonium. 


MALIC ACXD, PHENYLATED AMIDES OF. These compounds have 
been more completely studied than the primary amides of malic acid; three of them 
have been obtained by Arppe (Ann. Ch. Pharm. xevi. 100), viz. diphenyl-nialamide, 
phenyl-maliraide, and phenyl-malainic acid. 

f Tf 1 O 

DlpbenyUmalamlde. Malanillde. C'lIW- (C 4 H a 0 2 )'" [ v *.— This com- 

((C"iI*) , .H j 

pound is formed, together with phenyl-inalimide, by melting malic acid with aniline: 
SCHI^ + C 4 HW - 2IPO « C •II , *N , 0*. 

Aniline. M;.lic Dlphenyl- 

arid. ma»airit«le. 

CTPN + C 4 H , O i - 2IPO = CMPNO* 

Phenyl •niallmlde. 


The product treated several times with boiling water, is resolved into a nearly colour- 
less solution containing phenyl -mal imide, and a strongly coloured residue consisting 
chiefly of diphenyl-nialamide, which may Ik* obtained pure and colourless by crystal- 
lisation from boiling alcohol, with the aid of animal charcoal. 4 ^ 

It forms colourless scales having a faint lustre ; melts, with partial disposition, 
at 175°, and at a higher temperature volatilises for the most part unaltered. When set 
on fire it burns with a bright smoky flame. 

It is nearly insoluble in water, and in dilate hydrochloric and, ammonia, and potash. 
It dissolves also but sparingly in alcohol and ether. Strong sulphuric acid dissolves 
it with the aid of heat. Nitric acid dissolves it in the cold, forming a yellow solution. 
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When boiled with strong caustic potash , it dissolves and is for the most part decom- 
posed, a fatty substance rising to the surface of the liquid. On addition of wat«‘r, 
the semifluid portion is converted into a white insoluble powder, which may I* 
completely freed from potash by washing with water. This powder dissolves with 
some difficulty in alcohol, and crystallises therefrom in small crystalline groups and 
needles. It may be heated, without visible alteration, to 22 6°; melts at a higher 
temperature ; and if cautiously heated, yields a crystalline laminar sublimate, and leaves 
a small quantity of charcoal. This substance gives by analysis 64*17 per cent, carbon 
and 6*41 hydrogen: hence it appears to be tartranilide. (Arppe.) 

C'ffi'W « ’ 2C 6 H 7 N + C 4 H 6 0 6 - 2H-0 ; 

C 6 H 5 

JPfcenyl-mallmide. Malanil. C :o II 9 N0 3 = (C‘IPO')"' — Formed, together 

with the preceding compound, by melting a mixture of malic acid and aniline. When 
the fhsed mixture is kept in a state of gentle ebullition for about two hours, a brown 
syrup is obtained, which solidifies on cooling, and when boiled with water, yields a 
nearly colourless solution of phenyl-malimide, and a coloured residue containing 
diphenyl-malamide. Tho solution when evaporated yields phenyl-malimide in the 
form of a granular mass, still, however, mixed with diphenyl-malamide, from which it 
is purified by digestion in hot water, and filtration. The solution is then further 
purified by treatment with animal charcoal, and evaporated to the crystallising point. 

From a hot concentrated aqueous solution, phenyl-malimide separates on cooling in 
delicate needles grouped together ; also when its alcoholic solution is evaporated ; 
sometimes, however, it forms nacreous lamina*, and from a very dilute aqueous solution 
it is deposited in very thin, iridescent, rectangular prisms. It melts at 170°, and when 
heated between two watch-glasses, forms a slight mealy sublimate. It dissolves very 
abundantly in water, alcohol , and ether. 

Phenyl-malimide, boiled with aqueous ammonia , is converted into phenyl-malam to 
of ammonium. 

It dissolves easily in the strongest nitric acid , forming a deep red solution from 
which water throws down a nearly colourless, indistinctly crystalline body, probably 
nitro-phenyl-malimide, accompanied by a resinous body which is very difficult to 
separate. Tho crystalline body dissolves easily in boiling water, and the solution on 
■cooling yields fine needles. (Arppe.) 

II O 

Pbenyl-malamic acid. Malanillc acid. C ,# II ,, N0 4 «(C l II , 0*)'" N. — This 

C-HUP 0 

acid is obtained in the form of an ammonium-salt by boiling phenyl-malimide with 
aqueous ammonia ( vid . sup.'). The solution of this salt forms with baryta a copious pre- 
cipitate, which, when mixed with a small quantity of water, and decomposed, with the 
aid of heat, by an exactly equivalent quantity of sulphuric acid, yields phenyl-malam ic 
acid; and from the solution, filtered while yet warm, the acid crystallises on cooling, 
and may be purified by recrystallisation from alcohol. Tho slightest excess of sul- 
phuric acid used in the preparation converts the phenyl-malam ic acid into phenyl- 
D^alimide ; hence it is best to use rather less than the equivalent quantity. 

-- The acid crystallises in white, faintly lustrous granules, composed of very minute 
needles, and scarcely attaining the size of a pin’s head; melts at 145°; has a very 
sour taste, reddens litmus, and decompose carbonates; dissolves readily in water, 
somewhat less in alcohol , and sparingly in ether. Its salts are also distinguished by 
their solubility in water. 

The solution of the ammonium-salt remains clear when mixed with lime-water , but 
is slightly clouded by boiling with potash ; with acetate of lead , it forms a white pre- 
cipitate soluble in water ; and with sesquicMoride of iron , a precipitate of a fine yellow 
colour. 

The harium-salt is very soluble in water, and crystallises in spherical nodules of a 
dazzling whiteness ; it is insoluble in hydrochlorate of ammonia. 

PJumyl-malamate of silver , C ,0 H 10 AgNO\ forms a white precipitate, which soon 
becomes coloured by exposure to light ; it dissolves in water, and is deposited from the 
solution in shining cubes. 

MALIC XTHEKS. These compounds have not been much studied. According 
to Demondesir (Compt. rend, xxiii. 227), the malatcs of ethyl and methyl are pro- 
duced bp passing hydrochloric acid gas into a solution of malic acid in alcohol or 
wood-spirit. The neutral ethers cannot be distilled; they are obtained by neutralising 
the crude liquid with carbonate of sodium and agitating with common ether, which 
takes up tho cthylic or methylic malate, and leaves it behind on evaporation. The 
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compound ether thus obtained still contains water and alcohol or wood-spirit, which 
m^y be removed by evaporation in a vacuum. 

The neutral malates of ethyl and methyl are liquids which are soluble in water, 
almost completely decomposed by distillation, being converted into the corresponding 
fumaric ethers, and are converted into malamido by ammonia. They possess optical 
rotatory power. 

Ethyl- and Methyl- malic acids are always formed by the above process simul- 
taneously with the neutral ethers. Their calcium-salts arc soluble in alcohol. 

Amyl-malic acid, C , 1I 4 (0 4 1I U )0 4 , is obtained by prolonged heating of malic 
acid with amyl-alcohol to 120°. It forms a syrup which crystallises on cooling. 
(Breunlin.) 

M/LX*OZX*Z2. Syn. with On. of Apim.ks (i. 532; ii. 036). 

IfAlONIC ACID. G a II'0 4 «=■ ^ jo*. All acid discovered by Dos - 

saignes (Ann. Ch. Plmrni. evii. 251), who obtained it by slowly oxidising malic 
acid with a cold solution of chromate of potassium: 

C 4 H"0 5 + O* « CO* +11*0 + C*\VO*. 

Malic Malonie 

acid. Juki. 

It is also produced, with evolution of ammonia, by the action of alkalis on cyanacetio 
acid, or better on cyauacetic ether : 

CPH’CCN'/P + 2 IPO - NIP + 0*11 ‘O' 

Cyanacetic Malonie 

acid. and. 

C*H a (CN)(C*H & )0* + 311=0 « NIP + OlPO + C s IP0« 

Cyanacetlc ether. Alcohol. Mnhmic 

acid. 

The solution obtained by boiling cyanaeetic ether* with potash, forms with sulphate of 
copper, a grcmi precipitate, which by decomposition with sulpliydric acid, and evaporation 
of the filtrate, yields malonie acid. (Hugo Miiller, Ohem. Hoc. .1. xvii, 10th) 

Malonic acid forms largo rhotnbohedral crystals, having a laminar structure. Ifc 
dissolves easily in water and alcohol, melts at 1-10°, and decomposes at 150° into car bouitf 
anhydride and acetic acid. 

The malonates have been but. little examined. Tin* neutral potassium- and am- 
monium-salts are deliquescent and crystallise with difficulty; the acid salts of the samo 
bases crystallise readily. The barium- and calcium-salts are crystalline precipitates 
sparingly soluble in cold water. The silver-salt is insoluble and crystalline ; the lead- 
salt is likewise insoluble. 

An acid called nicotic acid, obtained by llarral (Compt. rend. xxi. 1374) from 
tobacco, has the composition of malonie acid, and is probably identical therewith. It 
crystallises in small scales, forms insoluble lead- and silver-salts, and is resolved by 
heat into carliomc anhydride and acetic acid. 

MALT. Grain, chiefly barley, which has become sweet from the conversion of 
its starch into sugar, by an incipient grow th or germination artificially induced, called 
malting. (See Bf.kk, i. 527 ; also Urds Diet, of Arts , &c. iii. 18) 

MLAXT8.A.. The mineral tallow of Kirwan, said to have been found on the coAfet 
of Finland. It resembles wax. Its specific gravity is 0'77- If* if* white, brittle, 
stains paper like oil, melts with a moderate heat, and burns with a blue flame and 
much smoke. It dissolves readily in oil, and imperfectly in hot alcohol. 

MALTBACXTB. See Mohtmokic.i.onitk. , 

MALTOSE. This name is given by Dubrunfuut (Ann. Ch. Phys. T3] xxi. 
178), to the sugar produced from starch-paste by the. action of malt or diastase. 
It resembles dextro-glucose in crystalline form and most other respects, but its dextro- 
rotatory power is, according to Dubrunfaut, three times as gr**at as that of dextro-glu- 
cose, and not stronger in a recently prepared solution than after the lapse of several 
hours (ii. 858). It appears also to be less easily altered by alkalis. It is converted 
into dcxtro-glucosc by boiling with dilute sulphuric acid. 

T ftirci l T ITM. A brown mineral from Mancino, near Leghorn, commit ing. Ac- 
cording to Jacquot (Ann. Min. [3] xix. 703), of sesqui silicate of zinc, 2Zn0.38i0*. 
It is plumose and shining, with two unequal cleavages inclined to one another at 82°# 

MABBSLXC a rra. Form o - fan zoil ic acid , C , *H , "0 <l . — This acid, which con- 

• The cyanacetlc ether war obtained b y the action of chloracetlc ether on cj anld** of pota»»ium, or at 

iod acetic ether on cyanide of ailvcr. 
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tains the elements of bitter almond oil and formic acid, C ,6 H'*0 6 => 2C r II a O 
+ 2CH 2 0 2 , and is related to benzoic acid (so far at least as composition is concerned) 
in the same manner as lactic to acetic acid, was discovered by Winckler (Ann. Oh. 
Pharra. xviii. 310), who obtained it by heating bitter almond water with hydrochloric 
acid, the hydrocyanic acid contained in the liquid being then resolved into ammonia 
and formic acid, which, at the moment of its formation, unites with the bitter almond 
oil (Liebig, Ann. Ch. Pharm. xviii. 39). It is also produced by the action of 
fuming sulphuric acid on bitter almond oil (Laurent, Ann. Ch. Phys. [2], lxv. 
202), and by heating arnygdalin with fuming hydrochloric acid. (Wohler, Ann. Ch. 
Pharm. lxvi. 238.) 

Preparation. — Bitter almond water — obtained by distilling 80 oz. of bitter almond 
paste with 90 lbs. of water till 160 oz. have passed over, then taking 80 oz. of this 
liquid, and shaking up the distillate with the bitter almond oil — is mixed with 4 oz. of 
hydrochloric acid of specific gravity 112, and evaporated to dryness over the wifter- 
bath, till all the hydrochloric acid is expelled. The yellowish crystalline residue, 
smelling slightly of bitter almonds, leaves pure sal-ammoniac when treated with cold 
ether ; and the ethereal solution yields by spontaneous evaporation a slightly yellow 
crystalline mass, which, when treated with water, leaves a resinous floceulent body 
having the odour of bitter almonds. The aqueous solution is transparent and colour- 
lees, and contains pure nmndelic acid, which crystallises on evaporation (Winckler). 
— 2. When bitter almond oil is treated with one-third of its volume of fuming sul- 
phuric acid, heat is evolved, the liquid becomes brown and thick, and solidifies in a 
compact mass on cooling. The mass, when treated with water, yields an upper semi- 
solid layer containing undecomposed bitter almond oil and stilbylous acid, and a lower 
layer containing mandelic acid and excess of sulphuric acid ; the mandelic acid crys- 
tallises from the latter on cooling (Laurent).- -3. A solution of arnygdalin in- 
hydrochloric acid is evaporated over the water-bath, and the syrupy mass treated with 
ether, which dissolves the mandelic acid. On evaporating the solution, the mandelic 
acid crystallises. ( W 6 h 1 e r, Liebig.) 

Properties. — Mandelic acid forms a scaly crystalline mass (Winckler). It crys- 
tallises sometimes in rhombic needles, sometimes in rhomboidal plates, frequently 
having their acute angles truncated (Laurent) ; in plates belonging to tho rhombic 
system (J. Housser, Pogg. Ann. xeiv. 637). It has a very faint odour of sweet 
almonds, and a strong acid taste, with a somewhat styptic after-taste. It melts easily, 
with loss of water, into a yellow oil, which, on cooling, solidifies to a translucent gum 
(Winckler). When a solution of mandelic acid in strong hydrochloric acid is eva- 
porated at a temperature above 100" J , it becomes amorphous, and afterwards forms a 
solution with a small quantity of water, but is precipitated by a larger quantity in tho 
form of a heavy yellowish oil (Wohler). The acid is very soluble in water, alcohol, 
and ether. 

Decompositions. The acid, heated above its melting point, diffuses an agreeable 
odour, recalling those of white-thorn blossoms, hyacinth, and gum benzoin. Heated 
in a distillatory apparatus to a temperature short of carbonisation, it is converted into 
a dark brown, resinous, balsamic mass, which dissolves sparingly in water, but readily 
in j Ikalis and in alcohol. A largo quantity of bitter alinond oil passes over at the 
same time. The acid burns with a red, smoky flame, leaving a bulky, easily combus- 
tible charcoal (Winckler). When it is boiled with nitric acid, as long ua nitrous 
fumes continue to escape, the formic acid is decomposed, and tho bitter almond oil 
is converted into benzoic acid, which crystallises on addition of water (Liebig). 
When chlorine gas is passed through an s £gueous solution of mandelic acid, an oil 
Binelling like chloride of benzoyl separates fft first ; and if potash be then added, and 
the passage of the chlorine continued till this oil has completely disappeared, the solu- 
tion, when subsequently treated with acid, gives off carbonic anhydride and deposits 
benzoic acid in the form of a crystalline magma (Liebig). The acid dissolves in oil 
of vitriol, and the solution, when gently heated, gives off carbonic oxide (Liebig). 
The aqueous solution, boiled with peroxide of manganese, yields carbonic anhydride 
nnd bitter almond oil. (Liebig.) 

Man delates. — The acid neutralises bases completely, and expels carbonic acid 
from its compounds. (Winckler.) 

Mandelate of Ammonium. — This salt is obtained by slightly supersaturating the 
aqueous acid with ammonia, and leaving the solution to evaporate. It is very difficult 
to crystallise, and generally forms a 3’ellowish-white mass. It has a very mild taste. 
When heated, it decomposes in the same manner as the free acid. It dissolves in the 
smallest quantity of water, and readily in alcohol. (Winckler.) 

Mandelate of Barium, obtained by decomposing carbonate of barium with znandelio 
acid, ciystallises readily in small, tolerably hard needles. It is much less soluble 
in water than the potassium-salt. ( W i n ck 1 er.) 
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Mandelate of Copper. — A solution of sulphate of copper, precipitated by mandolata 
of potassium, yields a fine light-blue powder, which, when heated, gives off a large 
quantity of bitter almond oil. 

' Mandelate of J*ad is precipitated as a white, finely crystalline powder, on adding 
mandelate of potassium to neutral acetate of lead, When heated, it behaves like the 
copper-salt. It is scarcely soluble in water. (Wiuckler.) 

Mandelate of Magnesium crystallises readily. (W i nek ler.) 

Mei'curic Mandelate is obtained by precipitating mercuric nitrate with mnndelato of 
potassium. Its reactions closely resemble those of the copper-salt. (Wiuckler.) 

Mandelate of Potassium . — Obtained by nearly neutralising carbonate of potassium 
with the aqueous acid, evaporating to dryness, exhausting the dry mass with alcohol, 
and leaving the alcoholic solution to evaporate. It is a white, soft, easily friable, 
soapy mass, having a very mild, scarcely saline tiiNto, faintly resembling that of sweet 
alifionds. It decomposes like the free acid when heated, takes fire easily and burns 
away completely, leaving pure carbonate of potassium. It dissolves very readily m 
water and alcohol. (Winckler.) 

Mandelate of Silver, obtained by precipitating nitrate of silver with neutral mande- 
lato of potassium, forms a white, heavy, crystalline powder, easy to wash. From its 
aqueous solution saturated at. the boiling heat, it separates in rather hard crystals having 
a slight yellowish colour. It melts at a somewhat high temperature into a dark mass, 
and yields tho samo products of decomposition as the acid, leaving metallic silver. 
(Winckler.) 

MANOAN AMFBIBOLB. See Rhodonitk. 

MABOAN15BE. Synonymes. Manganese, JSfangan, Mangadium. Symbol, Mn ; 


Atomic Weight — ftfi. , _ . . . . 

History. Black oxide of manganese, a substance long used to decolorise glass, and 

called magnesia nigra, from its resemblance to the load stone, was formerly included among 
the ores of iron. It was, however, proved by the researches of 'Pott in 1740, of Kami 
mid Wi uteri in 1770, and of Scheole and Bergnuum in 1774, that the metal contained 
in this mineral is distinct from iron, and possesses characters peculiar to itself. /Hi# 
metal itself was first eliminated by Claim. Chevillot and hd wards, ill 1818, pointed 
out that mineral chameleon-*. substance discovers! some considerable time before- 
contained a peculiar acid of manganese. Ford. hummer, m 1820 distinguished two 
acids of manganese; and Mitschcrlich, in 1882, fully confirmed the distinction. 

Manganese occurs chiefly in the form of peroxide, known as black oxide ot manga- 
nese ; also as manganic and manga noso-manganic oxide: as sulphide, carb.mate, sili- 
cate and titanate • in small quantities also, as colouring matt er m many siliceous mineral# 
and 'in very minute quantity in the ashes of plants and in the bones of animals 

Preparation of the metal.— I. Hydrogen and charcoal at a red heat, reduce the supe- 
rior oxides of manganese to protoxide, but do not eliminate the metal ; but at a whit# 
heat charcoal deprives the metal of the whole of its oxygen. The following process, 
recommended bv John {Gehlen's Journal fur Cherme and /%«* m. 452), is com- 
monly used for the reduction of manganese. A finely-divided oxide of manganese, 
obtained by calcining the carbonate in a well- closed vessel, is mixed with oil and igni ed 
in a covered crucible, so as to convert the oil into charcoal. After several repetitions 
of this treatment, the carbonaceous mass is reduced to powder, and made into a firm 
paste by kneading it with a little- oil. Finally this paste ,s introduced into a crue.Ua 
fined with charcoal (crenset hr a syne, p. 388) the unoccupied porno,, of whehsfid up 
with charcoal powder. Tho crucible is first heated merely to redriens for 1 »df 1 n l»o ur, to 
dry the mass and decompose the oil, after winch its cow-r is «.ar<» u y __ ., ’ 

it is exposed for an hour and a half to the most violent heat of an mr-furnuco tin t t o 
crucible itself can support without undergoing fusion. ie me a ^ ^ 

form of a semi-globular mass or button in tho lower part of the <*u«ble ' but not qmto 
pure, as it contains traces of carbon and Hihcium derived from the ™*^.'** 
l*y igniting the. metal a second time in a charcoal crucible, with po rtion of W* 
John obtained it more fusible and brilliant, and so free from carbon that it left no 

^(rBrunle^AnT Ph^nTot MO; Jahresb. 1857. p. 201) obtain- mmj£ 
nese by reducing the chloride or fluoride wUh sodium in a manner similar to Dp die a 
process for the reduction of aluminium: a. I pt«- .*‘“”1® |J . -^"ofSTmixture is weti 

aodium are arranged in alternate thin in rt rt , ■ « ' is rdaced a layer of 

j j 6 j ,„av, AitlAmVlp of sodium : and over the whole is placed a layer oi 
pressed, and covered wOh chlonde of soomm ^ ^ cov „ j* 

floor-spar in small p» ( P' _ ,j then when the commencement of the action 
hen heated in a Maat furnace of an hour< after which, 

-• ->'* - “ »'• h - 



•802 MANGANESE, ALLOYS OF. 

has been strong enough, the manganese is found in a fused mass at the bottom of the 
crucible; if not, it must be heated again under a layer of chloride of sodium or potas- 
sium, mixed with -fa of nitre (borax attacks it too strongly). 

0 . Instead of fluoride of manganese, a mixture of equal parts of chloride of manga- 
nese and finely-pulverised fluor-spar may be used, and reduced with sodium in the 
manner above described. 

Manganese may be obtained in the pulverulent state by heating its amalgam (p. 802) 
in a tube filled with vapour of rock-oil. (Giles.) 

Properties. — Manganese, obtained by reduction of either of its oxides with charcoal, 
is a greyish-white metal having the aspect of cast iron, very soft and brittle, with a 
fine-grained structure, and is easily split. Specific gravity 8*013 (John). Feebly 
magnetic. Melts only at the strongest heat of a blast furnace. It oxidises quickly 
when exposed to the air, and must, therefore, be kept under rock-oil, or in sealed tube s. 
It decomposes water slowly at ordinary temperatures, and dissolves easily, with evolu- 
tion of hydrogen, in hydrochloric or dilute sulphuric acid. It does not reduce any 
simple metallic salts, except the salts of silver and gold, and even then the reduction 
is very slight. 

The metal obtained from the chloride or fluoride by Brunner’s process, has also the 
aspect of cast iron, and is very brittle, but it is not magnetic [? what power was used 
in testing it] ; has a specific gravity of only 7138 to 7 208 ; is hard enough to scratch 
and cut glass like a diamond ; may be polished ; and does not tarnish, even in moist 
air, at ordinary temperatures ; when heated on platinum-foil, it becomes coloured like 
steel, and covered with a brown film of oxide. Under water, it oxidises slowly at 
ordinary temperatures, more quickly at the boiling heat, with scarcely perceptible 
evolution of hydrogen. When immersed in strong sulphuric acid, it eliminates but a 
small quantity of hydrogen at ordinary temperatures, but dissolves when heated, with 
evolution of sulphurous anhydride. In dilute sulphuric acid it dissolves readily, even 
at ordinary temperatures ; also in nitric acid, in very dilute hydrochloric acid, and in 
acetic acid. 

II. Devi lie (Compt. rend. xliv. 673) attributes the differences between the manga- 
nese prepared by Brunner’s method, and that obtained by reducing either of the oxides 
with charcoal, to the presence, in the former, of impurities derived from the rock-oil 
adhering to the sodium, and to silicium from the fluor-spar. Wohler found, indeed, 
that Brunner’s manganese, when dissolved in hydrochloric acid, left, a not inconsider- 
able residue of hydrated oxide of silicium ; and Brunner himself afterwards found 
that this residue, from 12 samples obtained in different preparations, varied from 16 
to 6-8 per cent. By fusing the coarsely -pulverised metal with twice its weight of 
chloride of sodium containing 1 per cent, of chlorate of potassium, the quantity of 
silicium could be reduced to 01 percent.; but Brunner did not find that this reduction 
in the proportion of the silicium made any difference in the colour, fusibility, hardness, 
or lustre of the metal. (See Manganese, Sieicidk ok.) 

Manganese enters us a base into two classes of compounds, namely, the manganous 
compounds, in which it is bivalent, and the manganic compounds, in which it is 
trivalont. It likewise enters as an acid-radicle into two classes of salts, the manga - 
natesandpermangauates. Examples of these compounds are given in the following 


table : — 

Manga nous chloride . . MnCl 2 — . 66 + 2.355 .= 126 

Manganous oxide . . . MnO m 55+ 16 — 71 

Manganic chloride . . . Mn ,J Cl*^2 . 55 + 6 . 35*5 » 323 0 

Manganic oxide . . . MiPO* 2 . 55 + 3 . 16 =168 

Manganate of potassium MnK 2 0 4 = 55 + 2 . 39 2 + 4 . 16 =» 197*4 

Permanganato of potassium Mn*K*O s = 2 . 55 + 2 . 39*2 + 8.16 = 316*4 


Manganese also combines with chlorous elements in other proportions, e.q the 
peroxide = MnO*. 

MANOAJH JB8B, ALLOTS Of. The compounds of manganese with other 
metals are not of much importance. It unites with cobalt, nickol, copper (ii. 43), 
iron (iii. 368), and gold, forming white, brittle, and very refractory alloys. 

An alloy of manganese and aluminium, MnAl*, is obtained by melting together 
10 pts. anhydrous chloride of manganese, 30 pts. of a mixture of the chlorides of 
potassium and sodium in atomic proportions, and 15 pts. aluminium, and treating the 
resulting regulus with dilute hydrochloric acid. It forms a dark grey crystalline 
powder, of specific gravity 3*402, insoluble in cold, but easily soluble in hot concen- 
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tratod nitric acid ; Also, in concentrated hydrochloric acid ; it is decomposed ,by caustic 
soda-ley, evdn when dilute, the aluminium dissolving out. (W 6 hi er, Ann. Ch. Pharm. 
cxv. 102f.) 

An anialgam of manganese is obtained by reducing a solution of the chloride with 
sodium-amalgam. (Giles, Phil. Mag. [4] xxiv. 328.) 

yAM OABTBflg. AS8SVIBS OF, Mn 9 As*. — This compound occurs as a 
natural mineral, Arsmical manganese or Kaneite, in botryoidul masses, or amorphous 
with foliated or granular structure. Specific gravity 6*55. Hard. Greyish-white. 
Becomes coverod with a blackish-grey powder when exposed to the air. Molts on 
platinum-foil, and combines with the platinum. Before the blowpipe, it burns with a 
blue flame, garlic odour, and emission of white fumes of arsenious anhydride. It 
dissolves completely in nitromuriatic acid, and in a largo quantity of nitric acid. Con- 
tains, according to Kane’s analysis (Pogg. Ann. xix. 145), 45*5 per cent, manganese, 
51*8 arsenic, and a trace of manganese ( = 97*3), tho formula requiring 42*76 Mn and 
57*26 As. The specimen examined was supposed to ho from Saxony. 

MAVOAVIIBB, BROMIDE OF. Mnllr*. — The anhydrous bromide is obtained 
as a pale red fused mass, by heating tho pulverised metal in bromine- vapour. By 
dissolving the carbonate in hydrobromic acid and evaporating, tho hyd rated bromide, 
MnBrMlPO, is obtained in small, rod, deliquescent needles, isomorphons with the 
ordinary form of hydrated manganous chlorido (Marignac, see p. 804). The crystals, 
when carefully heated in a close vessel, give off their water of crystallisation, and 
leave the anhydrous bromide; and this, when ignited in contact with tho air. gives 
off bromine- vapour, and leaves manganoso-mangitnic oxide. It is decompos'd by 
sulphuric acid, tho bromine going off partly in the free shite, partly as hydrobromic 
acid. (Lb wig.) 

MAWCtAXra&B, CHLORIDES OF. — a. Manganous Chloride, MnCl*. 
This compound is formed by direct combination, the finely-divided metal taking 
fire whon thrown into c.hlorino gas. It is also produced by passing dry hydro- 
chloric acid gas over manganous carbonate or the red oxide, neatcxl first gently, 
afterwards to low redness, tho process being continued till the gas is no longer 
absorbed, and tho product forms a clear, colourloss liquid. The air must be care- 
fully excluded during the whole of tho reaction; the mass must be loft to cool in 
tin* current of hydrochloric acid; and tho excess of the latter finally oxpollod by n 
si roam of dry air. 

Manganous chloride obtained by this process, or by heating the hydrated chloride, 
is a pale roso-coloured mass, having a Iamino-crystalline structure. According to 
H. lb >se, it may bo obtained in yellow crystals, by passing chlorine gas over a strongly 
ignited mixture, of manganous oxide and charcoal ; also, by exposing a mixture of the 
peroxide with sal-ammoniac to a gradually increasing heat. Manganous chlorido melts 
to an oily liquid at a dull rod hoat, but does not volatilise at a temperature above the 
melting point of glass. It is not decomposed by heat alone, if air be excluded, but 
when ignited in moist air, it gives off hydrochloric acid, and leavos manganoso-man- 
ganie oxido. Hydrogen gas does not act upon it at a ml heat, but phosphoretted 
hydrogen decomposes it, forming phosphide of manganoso and hydrochloric acid. When 
heated with sulphur , it is partly converted into sulphide of manganese. When watet 
is pourixl upon tho anhydrous chloride, it becomes hot, and dissolves vor y easily. It is 
very deliquescent. 

Hydratid chloride , MnClMH’O. — The protoxide and carbonato of manganese 
dissolve readily in cold hydrochloric acid ; and the higher oxides, with evolution of 
chlorine, when heated therewith, the product being in all cases manganous > chlorido. 
It is contained, together with ferric chloride and other substances, in the waste-liquor 
of the preparation of chlorine by hoating the common black oxide of manganese with 
hydrochloric acid; and as this liquid accumulates very quickly in chemical laboratories, 
it may, after proper purification, bo advantageously used as a source of tho pure 
chloride, and thence* of tho other preparations of manganese. The iron, which is 
the chief impurity, may be removed by boiling down considerably, to expel the 
excess of acid, afterwards diluting with water, and boiling again with carbonate of 
mangan ese, which salt precipitates the whole of the sesquioxide of iron, forming 
chloride of manganese with its acid. If about one-fourth of the impure solution 
of chloride of manganese bo reserved, and precipitated by carbonate of sodium, a 
quantity of carbonate of manganese will be obtained, which is sufficient to precipitate 
the iron from tho other three-fourths of the liquid, and may bo used for that purpose 
after it has been washed. The iron may likewise !x> separated by evaporating tne 
solution of the impure chloride to dryness, beating tho residue to low redness in a 
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crucible, as long as hydrochloric acid continues to escape ; then leaving it to cool, ex- 
hausting with boiling water, and filtering. The hydrated chloride of iron is resolved 
by the heat into hydrochloric acid and s esq ui oxide, while the chloride of manganese 
remains unaltered, and is easily dissolved out by water, all the iron remaining behind 
(E veritt, Phil. Mag. [3] vi. 493 'l. Chloride of manganese, when free from iron, is pre- 
cipitated white, without any shade of blue, by ferrocyanide of potassium, and of a pure 
flesh-red colour, by sulphide of ammonium : the latter test is the most delicate, the 
slightest, trace of iron imparting a perceptible blackness to the precipitated sulphide. 
By precipitating the whole of the solution with sulphide of ammonium, the manganese 
may be freed from barium, calcium, and other impurities present. If copper is present, 
it must be removed by sulphydric acid, before precipitating with sulphide of ammonium. 

The solution of chloride of manganese, obtained by either of these processes, yields 
by cooling, or by spontaneous evaporation, between 15 J and 20°, crystals of the hydrated 
chloride having the composition above indicated. They are monoclinic, but the deter- 
minations of their form by different observes do not agree. According to 
Schabus (Beschreihung der Kry stall gest alien > &c.), they exhibit the combination 
ooP . [ oo Poo ] . [Poo ]. Ratio of clinodiagonal, orthodiagonal, and principal axis 
«=* 0 4101 : 1 : 0*8331. Angle of inclined axes == 54° 50'; ooP : ooP in the clino- 
diagonal principal section = 142° 56'; [Poo] : [Poo ] -= 111° 20'. But, according 
to Rammelsberg ( Krystallograpkische Chemie, p. 45), and Marignac ( liccherchts 
sur Us formes crystallins de quelques composes chimiques, Cxeii6ve, 1855; Compt. 
rend. xlii. 288), the elinod., orthod., and principal axis, are to ono another as 
1*1525 : 1 : 06445, and the angle of the inclined axes is 80° 35'. Angle ooP : ooP 
in the clinodiagonal principal section = 82° 40'; [Poo] : [P» ] = 115° 5'; 

ooPao : [Poo] 97° 15'. — Marignac has since found (Compt. rend. xlv. 650), that 
crystals of the same composition, but of different form, isomorphous with those of 
hydrated ferrous chloride, FeCP.4H 2 0, are sometimos obtained when a solution of 
manganous chloride, supersaturated by evaporation at a high temperature, is loft to 
stand for some time at a temperature between 0 and + 6° in a vesso! covered wit h bibu- 
lous paper. These crystals are also monoclinic, but tho angle of their inclined axes is 
69° 14'. They exhibit tho combination OP . + T . — P. [JPoo ]. Anglo + P : + P in 
tho clinodiagonal principal section = 80° 0' ; — P : — Pin the same = 105® 36' ; + P : 

— P in the orthodi agonal principal section = 103° 59' : oP ; +P = 103° 30';oP: 

— P ™ 126° 30'; oP : [£Poo ] = 1 42° 30'. Hydrated manganous chloride is therefore 
dimorphous. It must be observed, however, that the crystals last described are of 
rare occurrence, tho solution, oven when evaporated under tho peculiar circumstances 
just mentioned, generally yielding the ordinary crystals previously described according 
to tho determinations of Marignac and Rammelsberg. As tho crystals measured by 
Schabus are decidedly different from both, it is probablo that ho examinod a different 
hydrate. 

The crystals (MnCl 2 .4lI 2 0) placed over oil of vitriol, eithor in vacuo or in a 
receiver containing air, lose 2 at. water at ordinary temperatures (Graham). At 25 
they become white and opaque (John); between 25° and 37° they give off hygro- 
scopic water with decrepitation, and become hard ; at 37*5° they become tough; at 
50° semi-fluid; and at 87'5 they form a mobile liquid, which boils at 106°. If the 
mass be kept for somo time at a temperature near 100°, it gives off 28 per cent. (3 at.) 
of water, and leaves a white powder, which retains 1 at. water. (Brand es.) 

Both the anhydrous and the hydrated chloride deliquesce rapidly in the air, one 
port of the crystals absorbing 1 -2 parts of, water. One part of the crystallised salt 
dissolves at 10° in 0*66 parts; at 31*25° in 0 37 ; and at 62*5, 87*5° and 106°, equally, 
in 0*16 parts of water (Brandos). The ^solution has a light rose colour, and thin, 
syrupy consistence. 

The salt dissolves readily in alcohol, but is insoluble in ether and oil of turpentine. 
The alcoholic solution of the hydrated salt is green, and yields on cooling colourless 
crystals, still containing 4 at. water. The anhydrous chloride, dissolved to saturation 
in boiling absolute alcohol, crystallises out on cooling, and the remaining solution eva- 
porated in vacuo yields an additional quantity of crystals, containing 0*4 of their 
weight of alcohol. 

A solution of manganous chloride is not altered by passing chlorine through it ; but 
if chloride of potassium, chloride of barium, &c., be added at the same time, a precipi- 
tate of hydrated peroxide of manganese is formed (Sobreroand Selrai, Ann. Ch. 
Phys. [3] xrtix. 161). According to Mi Hon (Jahresb. 1849, p. 254), the same 
oxidation is produced by chlorine water which has been exposed to sun-light, and 
therefore contains hydrochloric and hypochlorons acids. 

Manganous chloride forms two crystalline double salts with chloride of ammonium. 
One of those, MnCl a .2NH*Cl, forms cubical crystals containing 1 at. water according to 
Rammelsberg, and 2 at. according to v. Hauer. The crystals when ignited leave man- 
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ganooo-mangHmc oxide in microscopic pyramids resembling hausmannite. The other 
double salt, MnCl*NH<C1.2II*0, forms monoclinic crystals (Hants). Solution of 
manganous chloride containing chloride of ammonium Yields, on addition of ammonia 
and exposure to the air, a precipitate of hydrated manganoso-mangonic oxide. 
(Otto) 

A compound of manganous chioridf and mercuric cyanide , MnClV2HgCy , .6H*O l is 
obtained, by spontaneous evaporation of a solution containing the two suits in atomic 
proportion, in colourless four-sided prisms, which effloresce quickly in the air, and are 
Tery soluble in water. (Poggialo.) 

0. Manganic Chloride , Mn 3 Cl d , is not known in the solid state, but when finely 
divided manganoso-manganie or manganic oxide is added by small portions at a timo, 
in order to avoid riso of temperature, to cold concentrated aqueous hydrochloric acid, 
a brown solution is formed, which slowly becomes colourless at ordinary temperatures, 
nn<fr more rapidly when heated or exposed to sunshine — chlorine being ovolvod and 
manganous chloride producod : hence the solution dissolves motals as readily as chlorine- 
water. It likewise converts sulphurous and sulphydric. acids into sulphuric, and tartaric 
into carbonic acid. The addition of water in largo (inuntitics precipitates manganic 
oxide, and gives riso to the formation ot‘ manganous chloride, (Forchhaniine r.) 

When chlorine is passod into a solution of 1 pt. manganous chloride in 19 pts. water 
e<x>lod to +6°, the liquid gradually solidifies to a yellow crystalline mass which, how- 
ever, molts for the most part, on slight rise of temperature (John). The crystals 
thus obtained deliquesce very readily in the air, and are decomposed by gentle heating, 
just liko the solution of manganous oxide in hydrochloric acid. 

y. Per chloride of Manganese^ Mn a Cl ,d ? When sulphuric acid is added to a green 
solution of potassie manganutc till the liquid turns red ; the solution then evaporated to 
dryness; the residue, consisting of sulphate and permanganate of potassium, dissolved 
in strong Riilphuric acid ; t he solution introduced into a tubulated retort ; and fragments 
of fused chloride of sodium added as long as coloured vapours are evolved, — the copper- 
coloured or green vapours which distil over, condense ontiroly in a tube attached to the 
retort and cooled down to — 15° or — 20°, forming a greenish-brown liquid. The 
vapours, whefi brought in contact with moist air in a wide tube, produce a dense rose- 
coloured cloud, and form on the sides of the tube, with evolution of hydrochloric acid, a 
deposit of purple-red permanganic acid (Dumas, Ann. Ch. Phys. [2] xxtvi. 81). 
IT. Rose regards this compound as probably analogous to the chromate of trichloride of 
chromium. 

MAJrOAJrXlSZI, CTAVXDEB or. See Cyanides (ii. 253). 

MANOAVE8B, DBTBCTXON AND ESTIMATION OF — 1. Reactions 
in the Dry Way. All compounds of manganese, heated with borax or phosphorus- 
salt in the outer blow-pipe flame, form an amethyst-coloured head containing man- 
ganoso-manganic oxide, which becomes colourless in the inner flame by reduction of 
that compound to manganous oxide. This reaction, when not disguised by the pre- 
sence of other metals forming coloured beads, is extremely delicate, and serves to 
distinguish manganese from all other metals. Another reaction, equally characteristic, 
even more delicate, and not likely to be interfered witli by the presence of other 
metals, is obtained by heating the substance under examination with two or three 
times its weight of carbonate of sodium and a little nitre, on platinum-foil in the outer 
blow-pipo flame. The smallest trace of manganese will then be indicated by the 
formation of green manganate of sodium. The be st way of applying the heat is to 
direct, the hottest part of the flamo on the under side of the platinum-foil immediately 
beneath the mixture. In testing for traces of manganese in ores which are rich in 
iron, it is best to treat, them with nitric acid, which dissolves the iron as ferric-salt ; 
nearly saturate the solution with carbonate of sodium, and precipitate the ihin with 
acetate of sodium; then saturate the filtrate with ammonia, add one drop of sulphide 
of ammonium, and test the precipitated sulphide by fusion with nitre and carbonate 
of sodium, as above. 

2. Reactions in Solution. — o. Of Manganous Salts. — These salts have a pale 
rose tint, which is not destroyed by sulphurous or hydrochloric acid, and must there- 
fore be considered as characteristic. When the solution is colourless, as is sometime* 
the case, the fact is explained, according to Gbrgcu, by the presence. of a salt of iron, 
nickel, or copper, the green or blue tint of the bitter metals producing a white or 
scarcely perceptible violet tint, when combined with the rose colour of a manganoua 
salt. 

Sulphydric add forms no precipitate in neutral solutions of manganous salts con* 
taining any of the stronger acids. In a neutral solution of the acetate, a flesh- 
coloured precipitate is formed after some time ; but not if the solution contains free 
acetic acid. Sulphide of ammonium forms, in neutral solutions of manganous salts, A 
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flesh-coloured precipitate of hydrated sulphide of manganese, insoluble in excess of 
sulphide of ammonium, but readily soluble in acids. When exposed to the air, it 
turns brown on tho surface* from oxidation. This reaction is quite characteristic, no 
other metal giving anything like it ; a very small trace of iron or cobalt, however, 
colours the precipitate black. 

Caustic alkalis, added to solutions of manganous salts, throw down the protoxide 
of manganese in the form of a white hydrate, which soon absorbs oxygen from the 
air, and becomes brown ; when collected on a Alter and washed, it ultimately changes 
into a blackish-brown powder, which is the hydrate of the sesquioxide. A similar 
change is instantaneously produced by the action of chlorine-water upon the white 
hydrate, or by the addition of chloride of lime to a salt of the protoxide of manga- 
nese; but then the hydrated peroxide is formed. Ammonia precipitates the white 
hydrate from neutral manganous solutions ; in solutions containing free acid orammo- 
niacal salts, it gives no precipitate ; but if sufficient ammonia is added, the solution, 
on exposure to the air, gradually deposits all the manganese as brown sesquihydrate. 
The alkaline monocarbonates precipitate white carbonate of manganese, which does 
not turn brown in the air, and dissolves sparingly in a cold solution of sal-ammoniac. 
Acid carbonate of potassium precipitates a strong solution immediately, and renders a 
dilute solution slightly turbid ; but if the solution contains a free acid, so that an 
excess of carbonic acid is set free, no precipitate is formed. The earthy carbonates 
do not precipitate manganous salts. Alkaline phosphates , arsenates , and oxalates give 
white precipitates. 

Ferrocyanide of potassium forms in neutral solutions of manganous salts, a white 
precipitate, having a tinge of red, and soluble in free acids. Fciricyanideof potassium 
forma a reddish precipitate, insoluble in acids. # ... 

Tho least trace of a manganous salt may be detected by heating the solution with a 
little dioxide* of lead (or red lead), and nitric acid , when an intense purple-red colour 
is produced, owing to the formation of permanganic acid, or, according to H. Rose, of 
manganic oxide. The colour is readily perceptible when the excess of lead-oxido has 
subsided. This is tho most delicate test for manganese in the wet way. (W. Crum.) 

All compounds of manganese, after boiling with hydrochloric acid, exhibit tho re- 
actions of manganous salts. 

0. Of Manganic salts. — Solutions of manganic salts are red, and yield with potash 
a black precipitate of manganic hydrate, unless chloride of ammonium is present, in 
which case no precipitate is formed. They are very unstable, being reduced to man- 
ganous salts merely by heating, also by hydrochloric , sulphurous, or nitrous acid , or 
any organic compound, the liquid then becoming colourloss. Sulphide of ammonium 
reduces them to manganous salts, and then precipitates the flesh-coloured sulphide. 

y. Of Manganates . — The manganates of the alkali- m etuis are soluble in water, 
forming green solutions, which, however, are very unstable, quickly turning red on 
exposure to the air, from formation of permanganic acid, and depositing the brown 
hydrated peroxide ; this change is retarded by the presence of excess of alkali. 
Nitric, sulphuric , or hydrochloric acid, effects the change at once; with hydrochloric 
acid, tho red solution gradually bocomes brown, and, when heated, colourless, owing 
to the formation of manganous chloride. The solution is also decolorised by sulphu- 
rous and sulphydric acids, and other reducing agents. 

5. Of Permanganates. — The alkaline permanganates form solutions of a deep 
purple-red colour. They are very easily reduced by organic compounds, and by all 
reducing agents (e. g. hydrochloric , sulphurous, arsentous, nitrous, and sulpkydric acids, 
ferrous salts , stannous salts, &c.), the solution first becoming green and ultimately 
colourless. 

3. Quantitative Estimation and Separation. — The usual method of pre- 
cipitating manganese from tho solution of a manganous salt, is to add carbonate of 
sodium at tho boiling heat. Tho precipitated carbonate of manganese is then well 
washed with boiling water, and calcined at a strong red heat, whereby it is converted 
into manganoso-manganic oxide, Mn 3 0 Ii , containing 72'11 per cent, or manganese. If 
the solution contains a considerable quantity of amraoniacal salts, it must be evaporated, 
after mixing it with excess of carbonate of sodium, and the soluble salts dissolved out 
of the residue by water. 

From the metak of Group I. (i. 217), manganese is separated by the non -precipita- 
tion of its sulphide from an acid solution by sulphydric acid. Its separation from the 
metals of Group II., which, like manganese itself, are precipitated by sulphide of ammo- 
nium and not by sulphydric acid, is more difficult. 

■ The methods of separating manganese from iron have been already given under 
Ibok (p. 386). The best is to precipitate the iron (previously brought into the ferric 
state by succinate or benzoate of ammonium) from a solution carefully neutralised with 
ammonia. 
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From cobalt, nickel, and sine, manganese may be separated by mixing the solu- 
tion with acetate of sodium , and saturating with sulf Agaric acid gas, which throws 
down the other metals, leaving the manganese in solution. In the case of cobalt and 
nickel, the solution must not contain much free acid. The separation thus effected is 
not very complete at first, but it may be rondered almost absolute by repeating the 
process two or three times. Other methods of separating manganese from cobalt are 
given under Cobalt (i. 1046). One of the best is that which consists in converting 
the two metals into chlorides, and igniting them in a Btream of hydrogen, which reduces 
the cobalt, and leaves the chloride of manganese undecomposed. 'Hio sumo methods 
may be used for separating manganese from nickel. 

From uranium, manganese is separated by precipitating that metal as uranic oxide 
by means of carbonate of barium, which leaves all the manganese in solution. For tho 
separation from chromium, see i. 915. 

Fl'om the metals which are precipitated by sulphide of ammonium from their neutral 
solutions as hydrates, viz. those of the earths proper, also cerium, lanthanum, 
and didymium, manganese may be separated by mixing the solution with a sufficient 
quantity of tartaric acid to prevent the precipitation of those metals by an alkali, 
then adding excess of ammonia , and precipitating the manganese by sulphide <\f am- 
monium. 

From yttrium, thorium, zirconium, cerium, lanthanum, and didy- 
mium it may also be separated by precipitating those metals with oxalate of 
ammonium, after adding sal-ammoniac to retain the manganese in solution; from 
cerium and its allied metals, also by sulphate of potassium (i. 833). 

For the methods of separation from titanium, tantalum, and niobium, see 
those metals. 

From aluminium and glucinum, manganese, if in small or moderate quantity 
only, may be separated by boiling the solution with potash in an open vessel. The 
manganese is then precipitated in the form of scsqtii oxide, while tho alumina and 
glucina are dissolved by the potash. If, however, t ho proportion of manganese bo con- 
siderable, this method cannot be used, because the oxide of manganese carries down 
with it considerable quantities of alumina and glucina. In this case the liquid must 
bo mixed with sal-ammoniac, and tho alumina and glucina precipitated by ammonia 
The precipitate, however, always contains small quantities of manga nose, which must 
be separated by subsequent treatment with potash. 

From barium and strontium manganese is easily separated by means of sulphate 
of sodium which throws*do\vn the barium and strontium as sulphates; also by sulphide 
of ammonium. From calcium and magnesium it is separated by oxalate of 
ammonium , which, if the solution be sufficiently dilute, precipitates the manganese 
alone in the form of sulphide. The separation from calcium may also be effected by 
means of oxalate of ammonium, after the addition of chloride of ammonium to keep 
the manganese in solution. 

Manganese is separated from the al k al i -metals by means of carbonate of sodium 
ox sulphide of amoutnium, which latter precipitates it in 1 lie form of sulphide. The 
sulphide is washed with water containing a small quantity of sulphide of ammonium ; 
then redissolved in acid; and the manganese precipitated from tho solution by car- 
bonate of sodium. 

4. Valuation of Ores of Manganese. — As the commercial value of manganese 
ores depends, not on tho quantity of metal, but on that of the available oxygen con- 
tained in them, the mode of assaying them does not. properly come under the estimation 
of manganese, but will be best considered in connection with t he oxides of manganese. 
(See p. 814.) 

5. Atomic Weight of Manganese.— The earlier determinations of this number 
by Berzelius, J. Davy, and Forchhamrner, were either too high or too low. 
Arfvedson in 1818 (Schw. J. xlii. 202), by precipitating the solution of mangan- 
ous chloride with nitrate of silver, found the atomic weight of manganese to be 28, 
that is to say, the same as that of iron. Turner, in the same year (Phil. Mag. [2] 
iv. 22), by a similar method, obtained the number 27 49, and by determining the 
quantity of manganous sulphate produced by treating a known quantity of manganous 
oxide with sulphuric acid, ho found Mn ■■ 27*96. Berzelius in 18.30 (Pogg. Ann. 
xiv. 211) also, by precipitating manganous chloride with nitrate of silver, found that 
4-20776 MnCl gavo 9*5/5 AgOl ; whence, if Ag «* 108 and (J! - 35 5, calculation give* 
Mn’ = 27*6. Dumas, in 1859 (Ann. Ch. Piiarm. cxiii.), found, an a mean of five 
similar experiments, Mu' = 27*48. 

v. Hauer (Chora. Centr. 1857, p* 88) determined the atomic weight of manganese 
by converting anhydrous manganous sulphate into the corresponding sulphid-. Tin* 
quantity of oxygen in the sulphate was thus found, a* a mean of nine experiments, to 
bo 42 390 per cent, (from 42*361 to 42' 128) ; whence M u' « 27 19. 

Voi.inT 31 ‘ 
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The most exact of the preceding experiments appear to show that the atomic weight 
of manganese is 27*6 or 66, according as it is regarded as mono- or diatomic. 

R. Schneider (Pogg. Ann. (1869) cvii. 655) has, however, obtained a much lower 
result: 1. By determining the quantity of water produced in the reduction of man- 
ganoso-manganic to manganous oxide by reduction with hydrogen : 2. By determining 
the ratio between the carbon and manganese in manganous oxalate. The first method 
gave as a mean, Mn = 27‘01 ; the second 27 02. Schneider therefore assumes 27 a9 
the true atomic weight of manganese, Mn'= 27 or Mu" = 54. 

MAIfOiiNESB, BARTHT. This term is applied to oxides of manganese 
occurring in amorphous, loosoly coherent masses (see p. 813.) 

MEANOANESB. rLUORIDES OF. Manganous fluoride , MnF v , is obtained 
by dissolving the carbonate in oxcess of hydrofluoric acid. On evaporating the excess 
of acid, the salt separates in small, indistinct, amethyst -coloured crystals, which* are 
insoluble in pure water, but dissolve in water containing freo hydrofluoric acid. The 
fluoride is not decomposed by heat alone, but wh^n heated with sodium, it yields 
metallic manganese (p. 801). 

Manganic fluoride, Mn^F®, is obtained by digesting the sesquioxide or peroxide with 
excess of hydrofluoric acid. The resulting dark brown solution yields, by spontaneous 
evaporation, crystals of manganic fluoride, which are ruby-coloured by transmitted 
light, and yield a rose-coloured powder. They dissolve without decomposition in a 
very small quantity of water ; but the solution is decomposed by dilution into a soluble 
acid fluorido and an insoluble, basic compound or oxyfluoride. Ammonia, added to 
the solution, throws down manganic hydrate. 

Pcrfluoride of Manganese , Mn*F u ? — When a fused mixture of peroxide of manganese, 
hydrate of potassium, and chlorate or permanganate of potassium is mixed with half 
its weight of fluor-spar, and drenched with strong sulphuric acid, a yellow vapour is 
formed, which is decomposed and acquires a purple colour by contact with moist air, 
and corrodes glass, forming fluorido of eiiicium and permanganic acid. With wator, 
it is resolved into hydrofluoric and permanganic acids, forming a purple solution, which 
remains unchanged in stoppered bottles, but, when, evaporated, evolves oxygen gas 
and hydrofluoric acid vapour, and loaves a brown shining residue, from which water 
dissolves manganous fluoride, leaving a black insoluble basic salt. The solution also 
dissolves copper, mercury, and silver (not gold or platinum), forming fluoridos, and at 
the same time becoming perfectly colourless. (Wohler, Pogg. Ann. ix. 619; see 
also Dumas, Ann. Ch. Phys. [2] xxxvi. 82.) 

MA.xrOA.3trS8ZS y ORET. A term sometimes applied to manganite and pyro- 
lusite (pp. 810, 811). 

lVTA.NGA.mi6E, IODIDES OF. a. Manganous Iodide, Mnl*. — A solution of 
manganous carbonate in aqueous hydriodic acid loaves a white crystalline mass, 
having a somewhat styptic taste. When kept from contact of air, it may be fused 
without decomposition ; but on the admission of air, it is resolved into vapour of iodine 
and manganous oxide. It deliquesces in the air, and dissolves readily in water, forming 
a colourless solution, which, on evaporation, deposits white needles. The solution, 
when exposed to the air, is slightly decomposed, depositing brown flakes. Bromine 
and chlorine, as well as concentrated nitric or sulphuric acid, set the iodine freo. 
(Lassaigne.) 

/8. Manganic iodide. — Very finely-pounded peroxide of manganese, agitated with 
cold aqueous hydriodic acid, yields a darl^'yello wish-red solution, which, whon heated, 
ovolvos iodine, and is rapidly converted initq manganous iodide. 

MLA.H > GAX9 > XS8S V OXIDES OF. Manganese forms four oxides of definite 
composition, viz.: — 


Protoxide or Manganous oxide 
Manganoso-manganic oxide 
Sesquioxide or Manganic oxide 
Dioxide or Peroxide 


MnO 

Mn*0« 

Mn*0* 

MnO*. 


The protoxide is a strong base, forming with acids a class of very stable salts: the 
sesquioxide is a weak base. Manganoso-manganic acid also dissolves without de- 
composition in certain acids. Tho poroxide, treated with acids, is resolved into man- 
ganous or manganic oxide and free oxygen. 

There are also two or three other native oxides, intermediate in composition between 
the sesqui- and di-oxides, viz. Varvacite , Newkirkite, &c., but they are not very definite, 
and are probably mere mixtures. Besides these it is usual to enumerate two higher 
oxides, MnO* and Mn 0 T , which are tho anhydrides corresponding to manganic and 
permanganic acid respectively : but they have not yet been obtained, and must therefore 
at present be regarded as merely hypothetical. (See Maxqaxic acids.) 
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Protoxide, or Man^anoai oxide* MnO. — This oxide may lx> prepared by 

igniting manganous hydrate, carbonate, or oxalate, at a moderate heat in a closed 
vessel, or better in a stream of hydrogen, and allowing the product to cool in that 
gas. The best mode of preparation is, howevor, that recommended by Liebig and 
Wohler (Fogg. Ann. xxi. 581), which consisla in mixing oqual parts of fused man- 
ganous chloride and carbonate of sodium with a small quantity of sal-ammoniac, 
heating tho mixture till it fuses, and exhausting the fusod mass with water wheu 

Manganous oxide is a greyish-green powder, which, according to Desprota, melts at 
the heat of a forge-firo to a fine green-colounxl mass. lly heating it to a cherry-red 
heat in hydrogen, mixed with a very small quantity of hydrochloric acid gas, Doville 
(Conipt. rend. lii. 12641 obtained it crystallised in transparent regular octahedrons 
o^an emerald-green colour, and adamantine lustre. It. is not deoxidised by any 
heat, however great. Heated in sulphydric acid gas, it yields water and manganous 
sulphide. When it is fused with sulphur, sulphurous anhydride is evolved, and 
manganous oxysulphide remains behind. 

Hydrated Manganous oxide, or Manganous hydrate, is obtained by precipitating a 
manganous salt with caustic potash, as a white, milky, flocoulent precipitate, which, on 
exposure to the air, turns brown by oxidation, und is ultimately converted into man- 
ganic hydrate. The same change is produced immediately by chlorim*- water, or tho 
solution of a hypochlorite. If it be washed in an ap^\ralus from which the air is 
excluded as completely as possible, then dried in a stream of hydrogen, and heated in 
that gas just sufficiently to drive off the water, the remaining protoxide is sometimes 
pyrophoric, and when a red-hot coal is laid upon it, it glows front tho point of contact 
throughout its whole muss, and is converted into manganic oxide. According to H. 
Davy, the hydrate contains 24 per cent, water. 

Loth the oxide and hydrate dissolve readily in nit ric, sulphuric, and hydrochloric 
acid, forming solutions of manganous salts. 

Sesquf oxide, or Manganic oxide* Mn'-'O*. — This oxide occurs native, as Tirannite , 
in obtuso quadratic pyramids, in which tho principal is to the secondary axes 
as 0 986 : 1. Angle of the terminal edges =>» ll)9 J 63' ; of the lateral edges --- 180° 31) . 
Cleavage perfect, parallel to F, non© parallel to oF. It occurs also massive. 
Hardness = 6-6 6. Specific gravity 4*76— 4*818. Lustre submetalhc Strrak 
and colour dark brownish-bhiek. Fracture uneven. Uril.tlo. infusible before tho 
blowpipe. It occurs in veins traversing porphyry at Ochrenstoek near llinennu ; at 
higlorsberg in Thuringia; also near llilefehi in the llartz; at St. Marcel lit 1 hhI- 
mont; in the islo of Elba; at Vizuutagram in India; and in the stale of Yormont 
(U. S.). 

Analyses of Braunitc. 


Locality . 

/Cglersttcrg 

Trtlemark. 

Analyst . 

Tumor. 

T«m»aK»*r. 

Sesquioxide of manganese . 

96*71 

95-83 

1*74 

Sosquioxide of iron 

2-26 

Faryta 


Lime 

Water 

095 

2 19 


9992 

99 76 


| St. Mart W. 


Ilrfhi . 

111-42 
4 75 
1 03 

208 


99-28 


im-62 

1-45 


1 22 


, 9904 


The olid ^° b ” a “/ h ;7 r , u .T«T,w rcilncMH, t Itw hyd^to perl, a, » yielding 

the^most Z product. If the heat is too strong, the residue eon«i»U of manganoeo- 

^Sing to\ Schneider (I>ogg. Ann. cvii.605) all the lower oxide, of nmnganeae 
are converted into ae«}moxidc by etrong i Button / e xri ,^g 4) it app oa n that tho 

From the experiment, of D. Umar Ch™. ^ J ^ cpcnd , upon 

composition of the product obtained vy n ^ , ,, temitcrature. 

the Cion of the oxygen in variou^ten.U 

By heating perox.de ' an^nd^gen ^ pu^nitrogen, it wa. found 

also mvanous mixtures ^ betwLn 0 and 0*21 atmosphere, roanganosp- 

♦h«t when the tonaton of the °W n h 0]W *.ton.ion waa between 0 29 *m» 
rKh^”lT«5^de waa obtoin«l. %>* exact limit of tonaton wh.cb 

3 F 2 
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determines the stability of one or the other oxide appears to vary with the tem- 
perature. 

Manganic oxide when strongly ignited in a close vessel, or in. the air, gives off 
oxygen, and leaves manganoao-manganic oxide. By boiling with nitric acid, or with 
dilute sulphuric acid, it is resolved into protoxide, which dissolves, and peroxide, which 
remains undissolved. Hot strong sulphuric acid reduces it to manganous oxide, and 
dissolves it, with evolution of oxygen gas. Hot hydrochloric acid dissolves it, with 
evolution of chlorine. 

Hydrated Manganic oxide , or Manganic Hydrate , Mn 3 0*.H a 0, or (1 H?’ , Jo*.-This 

compound is found native, as Manganite or Grey Manganese ore , in veins traversing 
porphyry, at Ihlefeld, in the Hartz ; at Ilmenau and Oehrenstock in Thuringia ; in Aber- 
deenshire ; at TJndenaes in Sweden ; and at Ciiristiansand in Norway; It forms trime*ric 
crystals, usually exhibiting the face ooP with oof^ and other vertical prisms, together 
with oP and Poo , or a pyramid P3, &c. Ratio of axes, a : b : c — 0*8440 : 1 : 0*5444 ; 

®P : ooP = 80° 20'; ooPjJ : ooPg « 103° 23' ; P oo : Poo = 6 6° 41'. Also twins with 
piano of combination Poo . Cleavage very perfect, parallel to oof oo . The crystals are 
longitudinally striated and often grouped. The mineral also occurs columnar and 
granular. Hardness = 4. Specific gravity = 4*2 — 4*4. Lustre submetallie. Colour 
dark steol-grcy to iron-black. Streak reddish-brown, sometimes nearly black. Opaque ; 
minute splinters sometimes brown by transmitted light. Fracture uneven. Fusible 
before the blowpipe. 

Analyses of Manganite . 


Manganese . 

West 

Gothland. 

Arfvedson. 

Ihlefeld. 

Gmelin. Turner. 

Calculated. 

Mn<OUiao. 

' | 89 92 

J 62-86 

62*68 

62-50 

Oxygen 

( 27 64 

27*22 

27-27 

Water . 

10-08 

100-00 

950 

100*00 

1010 

10000 

10-23 

10000 


Manganic hydrate is prepared artificially by exposing moist manganous hydrate to 
tho air, or by passing chlorine, not to saturation, into water in which manganous 
carbonate is suspended, decanting the liquid, and digesting the brown residue still 
containing manganous carbonate, in cold very dilute nitric or acetic acid to remove the 
manganous oxide ; when prepared by this latter process however, it is often mixed 
with hydrated peroxide. 

Manganous hydrate artificially prepared is a light powder having a dark brown 
colour and capable of soiling very strongly. It gives off its water at a temperature 
above 100°. By boiling with moderately concentrated nitric acid, it is resolved into 
protoxide, which dissolves, and a residue of hydrated peroxide. (Berthier.) 

Manganic oxide dissolves without decomposition in cold hydrochloric acid, forming 
manganic chloride. Strong sulphuric acid combines with it at temperatures a little above 
100°, but doos not form a solution. Dilute sulphuric acid does not dissolve it, unless 
manganous oxide is present, even in very small quantity, in which case a violet solu- 
tion is formed. (Carius.) 

A manganic sulphato may be prepared by mixing finely divided peroxide of man- 
ganese with monohydrated sulphuric acid to fhe consistence of a pulp, and gradually 
heating the mixture to 135°. It may be Ijfcated to 160° without decomposition, but is 
decomposed at highor temperatures into oxygen and manganous sulphate. It is also 
quickly reduced by organic substances, and decomposed by water, with separation of 
manganous hydrate (Carius, Ann. Ch. Pharm. xcviii. 53). But the most stable of 
tho simple manganic salts is the phosphate, which dissolves in water without decom- 
position. 

Generally speaking, however, manganic oxide does not form stable salts with acids, 
unless another base or protoxide is present : with sulphuric acid, for example it forms 
several double salts having the constitution of alums; thus there is a manganico- 
potassic sulphate found native on the shores of the Great Salt Lake (see Sulphates). 

Manganoso-mang&nic oxide, oV Red oxide of Manganese. Mn*0 4 « 
MnO.Mn 2 O s . — This oxide occurs native, as Hausmannite, and together with other 
manganese ores, with porphyry, near Ilmenau in Thuringia and near Ihlefeld in the 
Hartz, The crystals are acute quadratic pyramids, in which the principal is to the 
secondary axes as 1*175: 1. Angle P : P in the terminal edges => 105® 25'; in the 
lateral edges = 117° 54'. Cleavage basal, nearly perfect. It also forms twin-crystals, 
the face of combination being parallel to Poo , the same kind of combination sometimes 
occurring between four individuals. Also granular, sometimes strongly coherent. 
Hardness = 6 to 5*5. Specific gravity = 4*722. Lustre Bubmetallic. Colour brownish- 
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black. Streak chestnut-brown. Opaque. Fracture uneven. InAisiblo before the 
blowpipe. 

Analyst* of Hausmannite. 


Bed oxide of manganese 


IhlcfcUt. 

Turner. 

. 98*902 

Ilmenau. 

KnmmelsbvrK 

99*44 

Oxygen .... 


0*215 

0*06 

Baryta .... 


0*1 1 1 

0*15 

Silica ..... 
Water .... 


0*337 
. 0 435 

10000 

TmTi 


This oxide is the most easily obtained by artificial means of all the oxides of man- 
gadfcse, being always produced when manganous oxide, nitrate, or carbonate, is strongly 
ignited in contact with the air, or when either of the higher oxides is subjected to very 
strong ignition. Metallic manganese, exposed to moist air at ordinary temperatures, 
evolves hydrogen gas of a peculiar odour, and is eonverted into a reddish-brown powder, 
which is a mixture of manganese containing charcoal and silicium, with numganoso- 
manganic oxide, siuce it dissolves in hydrochloric acid, with evolution of hydrogen gas, 
and forms a brown solution, which, when heated, becomes colourless and gives off 
chlorine. The oxidation takes place more rapidly, in proportion as the manganese is 
more freo from charcoal, and the air is warmer and contains more moisture. If the 
metal is heuted in the air, the conversion into manganoso-manganic oxide takes pluce 
more rapidly, but without incandescence ; in oxygen gas, the finely-divided metal 
becomes ignited. The red oxide is also produced, with evolution of hydrogen, by 
heuting the protoxide in a stream of aqueous vapour. It is a reddish-brown or cinna- 
mon-coloured powder, which turns black when heated, but recovers its original colour 
on cooling. When heated to whiteness w'ith charcoal, it is reduced to metallic man- 
ganese. Ily boiling with dilute sulphuric or with nitric acid, it. is resolved, like the 
sesquioxide, into protoxide und peroxide, hot strong sulphuric acid dissolves it as 
manganous sulphate, with liberation of oxygen ; hot hydrochloric acid, with liberation of 
chlorine. It dissolves without decomposition in a hot, very strong solution of phos- 
phoric acid, and in cold concentrated sulphuric, hydrochloric, oxalic, or tartaric acid, 
but only in small quantity, and without neutralising the acid. The solutions, treated 
with caustic potash, yield brown precipitate, perhaps consisting of munganoso-innn- 
gunic hydrate. Heat, and the addition of wafer, or of deoxidising agents, convert* 
these salts (the phosphate excepted) into salts of manganous oxide, with a lurgo excel* 
of jicid. 

Dioxide or Peroxide. MnO*. — This oxide occurs in nature as PyrolusiU or 
Pilyanite , in trimetric crystals exhibiting the combination ooPoo . <xl\ ocPoc .oP.jPoo . 
Kntio of axes a : b : c — 0776 : 1 : 1*066. Anglo ocp : ooL*«63° 40'. Also columnar, 
often divergent ; also granular, massive, and frequently in reniform coats ; often soils. 
Hardness « 2 to 2*5. Specific gravity =» 4'81‘J (Turner); 4*97 whin pure. Lustre 
metallic. Colour iron-black, dark stoel -grey, sometimes bluish. Streak black. Opaque. 
Rather brittle. Infusible alone lafore the blowpipe; gives off oxygen on char- 
coal. It is a valuable ore of manganese, and is extensively worked at Eglersberg, 
Ilmenau, and other pluces in Thuringia; also at Vorderehrensdorf near MahriNch- 
Triibau in Moravia> which place affords annuulJy many tons of the ore. It ulso occurs 
in Devonshire, and with psilomelaue in many parts of the United States. 


Analyses of Pyrolusite. 


Locality * 

Devon- 

shire. 

Eelers- 

tmrg. 

m < . 

fetd. 

I/tne- 

nau. 

I’m/c- 

nui* 

Tarn. 

Ki ell- 
inch 

Calcu- 
li eu. 

Analyst 

Turner. 

StbH 
fle r. 

Arfreri- 

«»n. 

I)ofre»- 

noy. 

Kirnei. 


Red oxide of manganese 
Oxygen 

Sesquioxide of iron 
Alumina 

Baryta 

lame .... 
Silica «... 
Water. 

85*62 

11*60 

*0 67 

0*55 

1*56 

84*05 

11-78 

0 53 

*0*51 

1*12 

85*62 

11*60 

; ; 
0*66 

0’55 

1 57 

870 

1 1 6 
13 
0-3 
12 
03 
0*8 

5 8 

83*66 

14*58 

1-86 

72 5 
9*8 
4*2 

1*4 

16 

86 00 
11*46 
0 40 

trace 
0 71 
1*40 

87 74 
12*26 


100*00 

97 99 

100-00 

108-3 

10000 

99 5 

99*96 

100*00 
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Peroxide of manganese is prepared by the following processes : — 1. Manganoso- 
manganic or manganic oxide, is boiled with strong nitric acid. — 2. Manganous nitrate 
is gradually heated to incipient redness, and the residue pounded and freed by 
boiling nitric acid from any remaining manganous oxide; the insoluble residue is then 
washed and very carefully heated to low redness, stirring all the while (Berthier). 
— 3. Manganous carbonate is heated in an open vessel' to 260°, and any portions of 
carbonate which may then remain undeeomposed, are removed by cold and very dilute 
hydrochloric acid; whereupon, according to Forchhamnier, pure peroxide xeinains 
behind. — 4. Manganous carbonate is carefully heated with fused chlorate of potassium, 
and the mass, when cold, is well washed with water (Gdbel). — 5. A solution of a man- 
ganous salt, even when very dilute, provided it is perfectly free from iron, deposits 
peroxide of manganese on the positive pole of a voltaic battery ; a feeble current is 
sufficient for the purpose (Fischer, Kiistn. Arch. xvi. 2 19). Artificially prepared per- 
oxide of manganese is black with submetallic lustre, hard and tough. 

Peroxide of manganese, whether natural or artificial, is a good conductor of elec- 
tricity, and is remarkable for its tendency to become strongly electro-negative in contact 
with metals, so that powerful voltaic combinations may be made by using a platinum 
plate covered with it as the negative element. Pises of paper covered with the per- 
oxide are also used in the construction of il ry piles. (See Electricity, ii. 421, 423.) 

The peroxide when heated alone gives off part of its oxygen, and is reduced to man- 
ganic or manganoso-manganic oxide, according to the degree of heat applied ; the decom- 
position takes place more readily in open than in closed vessels (see p. 809). Heated in 
a charcoal- lined crucible, it is reduced to protoxide, and if mixed with sulphur , to man- 
ganous oxysulphide, with evolution of sulphurous anhydride. When drenched with 
strong sulphuric acid , it gives off one-fourth of its oxygen and yields a dark red solu- 
tion of manganic sulphate; and on heating the mixture, another fourth part of the 
oxygen is given off and manganous sulphate is produced. The reduction is greatly 
facilitated by mixing the peroxide with organic substances, such as sugar, oxalic acid, &c., 
carbonic anhydride being then evolved instead of oxygen. With cold hydrochloric 
acid it forms manganic chloride; on heating, manganous chloride, with evolution of 
chlorine. With sulphurous acid, it forms a solution containing manganous sulphate 
and hyposulphate. By ignition with potash in a close vessel, it is resolved into man- 
ganous oxide and manganic acid. 

The facility with which peroxide of manganese parts with a portion of its oxygen 
renders it a very valuable oxidising agent, both in the chemical laboratory and in 
manufactures. It is extensively used for the evolution of chlorine from hydrochloric 
acicl (i. 890), also for discharging the brown and green tints of glass : hence the name 
pyrolusite (from i rvp fire, and Kvuv to wash) applied to the native peroxide, and the 
somewhat whimsical title, saoon des verriers, given to it by the French. 

Hydrates of the Peroxide. — Peroxide of manganese unites with water in several pro- 
portions, according to the mode of preparation. — a. In the spontaneous decomposition 
of munganateH or permanganates dissolved in water or in dilute aCid, a black-brown 
hydrated peroxide is precipitated, which cakes together to a black coherent mass con- 
taining MmnO'MDO (Mitscherl ieh). The same hydrate is formed when manganous 
carbonate suspended in water is treated with chlorine, and the black-brown residue is 
well washed with dilute acid (Berth i or). — £. A hydrate containing 2Mmn0 2 .Ii i: 0 is 
obtained when a solution of a manganous salt is precipitated by a mixture of caustic 
JXftnsh and potassic hypochlorite (Winkelblffch). — y. The hydrate 3Mmn( ) 2 .H‘0 i« 
deposited on evaporating a solution of manganous bromato (Ua mmelsbe rg). — 
8. 4Mmn0'.H ? 0 is obtained by treating vAnganoso-manganic hydrate with strong 
nitric acid (Berthier). See Gmdin's Handbook, iii. 206. 

According to Gorgeu (Ann. Ch. Phys. [3] lxvi. 155 ; Jahresb. 1862, p. 155) per- 
oxide of manganese acts as an acid, uniting with bases, and reddening litmus slightly 
when Suspended in perfectly pure water; hence Gorgeu proposes to call it manganous 
acid. (See Manganic Acids, p. 817.) 

Oxide 3 of Manganese intermediate in composition bctvrn the Sc squi oxide and 
Dioxide. — Under this head arc included several ores of manganese, mostly amorphous,, 
one or two of definite ^constitution, but the greater number merely mixtures of 
different oxides, which cannot be regarded as definite chemical compounds or distinct 
mineral species. 

a. PsHomdane . RO.MnO ? .H*C, with excess of peroxide mechanically combined : 
the symbol BO denotes protoxide of mangauese, partly replaced by other protoxides, 
chiefly baryta and potash. This ore occurs massive and lmtryoidal. Hardness 
rs h to 6 k Specific gravity ** 3’7 to 4 328. Lustre submetallic. Streak brownish- 
black, shining. Colour iron-black, passing into dark steel-grey; opaque. It is a 
common ore of manganese, occurring frequently in alternate layers with pyrolusite. 
It is found in botryoidal and stalactitic shapes in Devonshire and Cornwall, at 
Ihlefeld in tho Hartz, and the other localities undermentioned. 
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Analyst# of Psilomtlane. 


Locality . 

Sckmct 

ber K . 

Homam~ 

*cht. 

Ftor. 

hautrm. 

Hat. 

truth. 

J/mmuu. 

TMvitrt. 

HUS. 


L*H**n- 

*"f- 

Analyst 

Tariwr . 

Ramm.lt> 

h*-TR. 

Fuihk. 

ScheflfW. 

BurUiUrr. 

HnmmvU 

»*Ut. 

e,ii«u«- 

btuch. 

lteyl. 

Mangauoso-manga- \ 
nic oxide . ) 

Oxygen 

69*80 

7097 

81-36 

81 8 

73*3 

64*1 

70-17 

77*23 

08 00 

7*;«» 

7*26 

918 

9 3 ' 

9 8 

7*5 

1516 

13-82 

1362 

S«aquioxido of Iron . 



1*48 


03 

6*8 

0-30 

0*40 

0‘36 

Protoxide of cop|ier . 



0 96 




„ cobalt . 






. . 

0-M 



Alumina 





Vi 



0-91 

0 20 

Lime . • 



o-Va 


1*8 


(V60 

Magnesia . 

Haiferta 

Potiuh ... 

1*6-36 

16*69 

0-3*2 


Vs 

*46 

0-21 

8 ‘OH 

0- 1*2 

0*%3 

8- 3*1 



3-04 

4 ft 



*2*62 

ft* ‘29 

0*27 

Silica . 

0 26 ! 

0 05 

0-33 


1-7 

10-0 

0 90 

0 52 

*2 18 

Water 

6-2*2 

4*13 

3-39 

4 *i 

4-3 

7-0 

1*43 

* * 

3-95 


10000 

100-00 

100 59 

n.o-0 

99* 1 1 

1 1000 

100*110 

100 29 

97*70 


fi. Varvacite, a mineral from Warwickshire, of crystalline-laminated texture, and «pe- 
ciflc gravity 4*531 to 4*623, was found by U. Phillips to contain 03 per cent. mnngiiiicso, 
31*6 oxygen, and 5*4 water, agreeing nearly with the formula Mii*O.3Mn 5, 0 5, .lI*0. It 
is probably an altered nmnganite consisting largely of pyrolusite. 

y. Wad , Earthy Cohalt , Cupreous Manganese . — These ores occur in amorphous 
andreniform masses, either earthy or compact, sometimes encrusting or um stains. They 
ar« mixtures of different, oxides, and not distinct mineral species. Their hardness varies 
from 0*5 to 6 ; specific gravity from 3 to 4*20 ; colour dull black. 


Analyses of Wad. 


Locality 

ei.iuttk,ti 

hwm- 

tkitr- 

thirc. 


ti, or, ri. 

Si'K'n. 

Hi'Mctt- 

. 1 ,,-trrHti, 
N. Y. 

tikuU+rf. 

Analyst 

Klaproth. 

Tunnr. 


U«T(hier. 


Kiitiim 

-I.lwrfi. 

Hall, . 

Prntoxlde of manganese 
Oxygen 

Sesquioxlde of Iron . 

63-3 

47 

0 'S 

74*60 

13 34 

34 73 
3 H 6 
52*34 

69 H 
117 

62 1 

12 H 

»i -0 

ft* ft 

10 4 

ft- 7 

67. *>0 
13-48 

1 01 

52*65 

A - 83 
* 22-00 

(JIA 4 

4*62 

2-70 

0 -Ci 

Protoxide of cobalt . 




70 


10 * 7 



0 * 7 .*> 

Alumina . 

*io 

* 1*40 

b 40 


0 36 


13 34 

Baryta 




4 - 2*2 


0 59 

Uroe .... 








(>**28 

Magnesia . 


* • 





*3 66 

, 

0-28 

Potash 

*8 0 

17 5 


* 2-74 
10* '29 


Vo 

|.Va 

1 8 

0*47 

2 A 0 

092 

Silica, Ac. . 

Water 

10-66 

1 * 2 - 4 * 

12 9 

10 30 

17-00 

12*07 


101 0 

100 l >0 

109*36 

100*9 

100-0 

1 00 0 

101 -Ml 

100*00 

99*11 


Analyses of Manganese-ores (continued). 




Cupreous Manganese. 


Hr 

rtiiy Cobalt. 

Locality . 

Srhtarkm- 

W- 

OtmtJorf. 

iMutrrhrru. 

OberlautSa- 

Cant* 

iurj. 

Analyst . 

Kcrtten. 

KamirifU- 

HOIttfeT. 


Xl«l»r«th. 

l>ftf*cTffO*fr- 

KamnurU- 

Protoxide of manganese 
Oxygen. 

Sesquloxtde of Iron 
Protoxide of copper . 
Oxide of cobalt • 1 

Alumina . 

Baryta . 

Lime . 

Magnesia 

I'Dtaih .... 
llica, Ac. 

(•ypsnm 

Water 

66 64 

7 46 
0*1*2 
4*80 

0-30 

1(5 

20 10 

49 99 

H 91 

4 70 
11*67 

0 49 

*1 64 

2*23 

0-69 

0*52 

2*74 

14 46 

53-22 
914 
] k8 

16-85 

0 14 

Wo 

2 85 

0 63 

16-94 

27*04 

3 0| 

29 ‘0 

11 60 

27 45 

14 4 

16 

*0 *2 

194 

.,29*4 

*24 8 

17*0 

31*21 

6 78 

3205 

22*90 

40*0% 

9 47 

4 56 
4 S 3% 

19 4ft 

0 50 

0*37 

*21*24 

100 47 

I mi or, 

103*37 

98 «( 

97-8 

9*2*94 

99*99 


Sr 

mixed with silica, alumina, Umc, or oaryi*. 
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brownish-black colour and reddish-brown streak : hardness sometln.^ J 
from Groroi in Mayonce, Vicdessos in Spain, and Canteen in France. 

Cupreous Manganese contains, besides hydrous oxides of manganese, i 
percent, oxide of copper, and 4 to 18 per cent, oxide of cobalt, with various! 

Specific gravity 3*1 to 3*2. Pelokonite is a variety of cupreous maftganese, having & 
liver-brown streak. Hardness = 3. Specific gravity «= 2 567 . 

Earthy Cobalt is a wad in which oxide of cobalt sometimes occurs to the amount of 
33 per cent. 



Valuation of the Oxides of Manganese. 

The numerous applications of the higher oxides of manganese in chemical manufac- 
tures, depend upon the quantity of oxygen which they can furnish when exposed to 
the action of acids, or — what conies to the same thing — the quantity of c hl^yi ne which/ 
they are capable of eliminating when treated with hydrochloric acid. ljps wiEr be 
seen from the following equations, which represent the action of hydrochlo^'WiickoE 
the dioxide, sesquioxide, and red oxide of manganese : 


MnO 2 + 4HC1 = Mn Cl- + 2H 2 0 + Cl* 

Dioxide. 

Mn 2 () * + 611(1 - 2 Mu Cl 2 + 31I 2 0 + 01* 

Sesquioxide. 

MiiH)' + 81IC1 = 3MnCt 2 + 4lV0 + Cl 2 . 

Hcd oxide. 

Hence it appears that the quantities of hydrochloric acid required to furnish a given 
quantity of chlorine, when acted upon by these three oxides, are ;ts the numbers 
2.3:4; or a given weight of hydrochloric acid, acted upon by the throe oxides, will 
yield quantities of chlorine in the inverse ratio of theso numbers. 

Moreover, as Lho sesquioxido ami rod oxide may be regarded (so far as proportional 
composition is concerned) us compounds of the protoxide and dioxide (Mn 2 O s — MnO + 
MnO 2 ; and Mn 3 (J 4 = 2MnO + MnO 2 ), it follows that tlio commercial value of -*»■ Han - 
ganeso-oro may be regarded as proportional to the percentage of dioxide or peroxide 
contained in it. 

Tho metho<ls of assaying the oxides of manganese may bo classed under three 
heads: — 1. The determination of the amount of oxygen disengaged by sulphuric 
acid. — 2. The oxidation of oxalic acid. — 3. Tho evolution of chlorine from hydrochloric 
acid. 

a. The decomposition of peroxide of mungnnese by sulphuric acid takes placo as 
represented by tho equation : 

MnO 2 + TP, SO 4 = Mn>S0 4 + IPO + O. 


The sample of manganese ore to bo tested is heated with strong sulphuric acid in a 
smalt retort provided with a bent delivery-tube passing upwards into an inverted bell- 
jar, filled with and standing in an alkaline liquid, so that any carbonic acid gas that 
may pass over may be absorbed, and the oxygen alone collected. Tho contents of the 
retort are heated to the boiling point, the heat being continued as long as any gas is 
disengaged. The apparatus is then left to cool, and the volume of gas is measured and 
corrected for pressure, temperature, and tension of aqueous 




vapour. 

Each atomic proportion (16 pts. by weight) of oxygen 
evolved correspcflnds to 1 at. peroxide (87 pts.) in the sample. 
Moreover, as thet reaction is precisely analogous to the de- 
composition of the peroxide by hydrochloric acid, each at 
of oxygen evolved in the one reaction is equivalent to 2 ajfcv 
chlorine eliminated in the other. 

0. By oxidation of oxalic acid. — When oxalic achjjflj 
heated with peroxide of manganese and hydrochloric JtfflF 
the disengaged chlorine converts the oxalic acid 
bonic anhydride, 2 at. carbonic anhydride evolved repre- 
senting 2 at. chlorine, and therefore 1 at. peroxide of man- 
ganese : 

CHPO 4 + Cl* = 2 CO 4 + 2HCL 

Oxalic acid. 

The quantity of carbonic anhydride evolved may be deter- 
mined by means of the flask-apparatus represented in fig. 
731, ana already described under Alkaumbtby (L 119). 60 
grains of the manganese-ore finely nulverised are introduced into the fiask, together 
with half an ounce of cold water ana 100 grains of strong hydrochloric acid in the test- 
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jifaystallirod oxalic add aw then added, the chloride of calcium tuba 
r- 7? ole q'i'ekly weighed ; and the process conducted exactly in the lame 
» detorminiition of carbonic anhydride, as described in th/article above 
. , T , 1 l OSa °. f we 'K’ lt ; ,f t,K ' flesh after boiling, gives the quantity of carbonic 
, ev ? Iw J- llmi atomic weight of peroxide of mangnnese— is nearly 

double that of carbonic anhydride, 44, the loss of weight in the apparatus may betaken 
approximately to represent the quantity of real peroxide in the 40 grains of the sampl " 
hA mow exact calculation is cosily made, 1 * 

The quantity of oxalic acid oxidised by a given sample of a manganese- ore may also 
be estimated vdu metrically by means of permanganate of jtotassium. A dilute*^ solu- 
tion of oxalic acid decomposes permanganates, in presence of sulphuric acid, boinff itself 
converted into carbonic anhydride and water, according to the equation : 




811 3 0 + 10CO*. 


L?Mn a 0 8 + 2U' J S0 4 + 5C*U»0« 

ffWnangiuiic Oxalic acid. 

m . ac,d * 

samo circumstances, oxalic acid decomposes poroxido of manganese, atom 


2MnS0 4 + 

M.mgantxyt 
•ulphalo. 


MnO< + IPSO 4 + C a ll 3 0 4 - MnSO 4 + 2Il a O 


+ 2 CO*. 


i, the amount of peroxide of manganese in an ore may be estimated volumotri- 
:^y allowing it to act upon a known volume of a standard solution of oxalic acid, 
„ O® adawl in excess, and then estimating the amount of undocomposed oxalic acid 
tdrtandard solution of permanganate. 

^e standard solutions required arc: 1. Oxalic, acid.— 1 cub. cent, of this solution 
iains 0063 grm. of oxalic acid, and corresponds to 0 012 grm. peroxide of manganese, 
i Permanganate. — This solution cannot be preserved without decomposition, and is 
therefore not standardised once for all ; but a moderately strong solution is prepared, 
and its exact value determined before each operation. This is readily done by means 
of fop standard solution of oxalic acid. 5 c. c. of the latter are diluted to 200 c. c. ; 
ttMfc 4 c. c. of strong sulphuric acid are added ; and the permanganate solution is 
introduced, drop by drop, from a burette. The dark colour produced by the perman- 
ganate disappears slowly at first, but more rapidly as the operation proceeds ; the 
operation is terminated when a faint rose tinge is produced, which remains permanent 
foryi short time. Suppose, for instance, 29 c. c. of the permanganate solution are ro- 

qi$t*od: then 1 c. c. of this solution corresponds to =* OT724 c. c. of oxalic acid. 

The analysis is conducted as follows: — Tho ore having been finely powdered and 
completely dried, 2*1 grms. ar<; treated with about 30 c. c. standard oxalic odd. and 
4 c. c. of concentrated sulphuric acid; when tho evolution of carbonic anhydride 
slackens, heat is applied till no more gas is evolved. If any of the ufo remains tmde- 
composcd, 5 or 10 c. c. more oxalic acid must be added. When tho evolution of gad lias 
quite ceased, the. clear solution is decanted into a graduated cylinder, and tho residue is 
treated with 2 or 3 c, c. more oxalic acid, and a few drops of sulphuric acid, and again 
heated. "When tho decomposition is complete, the solution (residue and all} is washed 
into the cylinder, and the whole is diluted to a known volume. Tho mixture thus 
obtained is never clear ; but it need not be filtered, unless it is dark-coloured. A 
known volume of it is measured off, diluted, acidulated with sulphuric acid, and the 
amount of non-oxidised oxalic acid is estimated by the permanganate solution, as 
above ; from the result thus obtained, the amount of non-oxidised oxalic acid in tho 
whole mixture is calculated. The number of cubic centimetres of oxalic ucid oxidised, 
Iftultiplied by 2, gives the percentage of peroxide of manganese in the ore. horpxamplo, 
P OTmftn K ana ^ solution = (V1724 oxalic acid. Weight of ore taken « 2*1 grms. 
^CujM4 volume of oxalic used *■ 48 c. c. The mixture being diluted to 300 c. c., 100 c. c. 

P8 4 c. c. permanganate: hence, the whole 300 c. c. require 12 c. c. permanganate, 
l correspond to 2*07 c. c. oxalic acid. 48 - 2 07 *=• 46*93 c. & oxalic ucid, oxidised 
Soxyle: whence, percentage of peroxide «* 46 93 x 2 =• 91*86 per cent. 

3, instead of 2*1 grms., any arbitrary weight of the ore is taken, the amount of 
Peroxide is calculated by the proportion 100 : 4*2 *= number of c. c. oxalic add used; 
Amount required ; the percentage is then calculated as usual. 

3. By the evolution of Chlorine from Hydrochloric acid. — The ore (the moisture in 
which is first estimated) is heated in a flask with excess of concentrated hydrochloric 
acid, and all the chlorine evolved is conducted into a known volume of a standard 
acid or alkaline srsenioufl solution, or into excess of iodide of potassium, or into 
solution of a known weight of ferrous sulphate, that salt being in excess, and 
the amount of chlorine is estimated by one of the chlorimetric processes described 
«*>der CmonurB, Estimation or (i. 904). The amount of peroxide of mongauesst 
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corresponding to a given weight of chlorine, is calculated by the proportion Cl 1 : MmnO* 
= 71 : 87 . 

Each c. c. of the acid arsenioua solution (i. 904) corresponds to 0*010 grm. chlorine 
and to 0 01 183, peroxide of manganese ; hence 50 c. c. correspond to 0*5 grm. chlorine* 
and to 0*5915 peroxide. If the ore is rich, about 1 grm. is sufficient for the analysis; 
if it be poor, from 1*5 to 2 grm. should be taken. 

Each c. c. of the alkaline ursenious solution (i. 904) corresponds to 0*00355 grm, 
chlorine, and to 0 0042 grm. peroxide ; hence 100 c. c. correspond to 0*42 grm. per- 
oxide ; and if 0*42 grm. be taken for analysis, the number c. c. of arsenious solution 
which is oxidised by it gives at once the percentage of peroxide. ( Conington's Hand- 
book of Chemical Analysis , p. 247.) 

MAirOAITESE, OXYCHLORIDE OF. The perchloride of manganese de- 
scribed by Dumas (p. 805) is perhaps an oxychloride. # 

TVTAN*aA.ig*ESE, OXYSULPHIDE OF. MnSO.— This compound is produced 
when manganous sulphate is ignited in a stream of hydrogen, or, together with 
sulphide of manganese, when an oxide of manganese is ignited in contact with sulphur. 
It is a green powder which does not alter at ordinary temperatures, but takes fire 
when heated, and burns to nearly pure manga noso-manganic oxide, especially if 
strongly boated at the last. It dissolves in acids as easily as sulphide of manganeso 
prepared in the wot way. (Arfvodson.) 

MANGANESE, PHOSPHIDE OP, Obtained by exposing an intimate mixture 
of 10 pts. of puro ignited dioxide of manganese, 10 pts. of white-burnt bones, 5 pts. 
of white qunrtz-sand, and 3 pts. of ignited lamp-black for an hour in a closed hessian 
crucible, to a heat sufficient to molt cast iron; or by strongly igniting 10 pts. of 
ignited phosphate of manganese, 3 pts. of ignited lamp-black, and 3 pts. of calcined 
borax in a crucible linod with charcoal. The product is a very brittle, crystalline 
regulus of the colour of grey cast iron, and of specific gravity 5*951. It is permanent 
in the air, glows when heated in contact with air, burns with an intense light when 
heated with nitre. It appears to contain Mn'P* 2 , and is probably a mixture of Mn^P* 
and Mn 7 P 2 , the latter of which compounds is left behind when the substance is treated 
with hydrochloric acid, while the former dissolves, with evolution of non-spontaneously 
inflnmmablo phosphorottod hydrogen. (Wohler, Ann. Ch. Pharm. lxxxvi. 371.) 

Schrottor (Jahresb. 1849, p. 217), by heating finely divided manganeso in phos- 
phorus-vapour, obtained a phosphite having the composition MiPP' 2 , of specific gravity 
4*94, insoluble in hydrochloric acid, easily soluble in nitric acid. 

MAM’O.A.BrXSSB, SIX.ICIBE OP. The effect attributed to small quantities of 
silicium in altering the physical properties of metallic manganese has already been 
mentioned (p. 802). Wohler (Ann. Ch. Pharm. cvi. 54) has further examined the 
question by preparing mangunese containing larger proportions of silicium. A mixture 
of about equal parts of fluoride of manganese, water-glass, cryolite, and sbdium, pressed 
into a hessian crucible, and covered with a mixture of chloride of potassium and chloride 
of sodium, then heated and exposed to a higher temperature, yielded a well fused, bard, 
brittle regulus containing 11*7 per cent, silicium, exhibiting a somewhat laraino-cryBtal- 
line structure on the fractured surface, but without visible separation of free silicium ; the 
action of hydrochloric acid upon it was considerably impeded by the separation of 
oxido of silicium, very dense but not crystalline ; the hydrogen gas evolved at the same 
time contained siliciurctted hydrogen, and deposited amorphous silicium when passed 
through a red-hot glass tube ; hydrofluoric acid dissolved it, with evolution of fetid 
hydrogen gas. A mixture of fused chloridt£“tjf manganese and sodium, fluor-spar, water- 
glass and sodium yielded a well fused, very brittle regulus, containing 13 per cent, 
silicium, und exhibiting a few cavities filled with steel-grey prismatic crystals. A mix- 
ture of fused manganous chloride, fluor-spar, silico-fluoride of potassium, and sodium 
yielded (after somewhat quicker cooling) a nearly silver-white, very brittle regulus 
containing 6*5 per cent, silicium and having a conchoidal strongly shining fracture. A 
mixture of manganous chloride, sodium, fine quartz-sand and cryolite (the two latter 
in the proportion of 22 : 26) yielded a yellowish regulus containing 11*4 per cent, 
silicium, with indications of laminar structure. From these results Wohler is in- 
clined to believe that even a small quantity of silicium is sufficient to account for the 
peculiarities of the metallic manganese obtained by Brunner’s method. 

llKAXVGJLXrSSS:. RED. Native carbonate of manganese, also called Diallogite 
(i. 788). 

MANGANBBB, SULPHIDE OF; Manganous sulphide, MnS, which is the 
only known sulphide of manganese, occurs native as Manganese-blende or Alabandine , 
in the gold mine of Nagyng in Transylvania, sometimes crystallised in cubes 
and regular octahedrons, with perfect cubic cleavage, but. more generally granu- 
larly massive. Hardness =■ 3*6 to 4. Spocific gravity = 3*95 to 4 814. It has sub- 
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metallic lustre and iron-black colour, tarnished brown on exposure. Streak green* 
Fracture conchoi'dal. Beforo the blowpipe it melts only on the thinnest edges. 

The same compound is produced artificially in the dry way, by heating the peroxide 
with sulphur. Sulphurous anhydride is disengsiged and a green powder remains, 
which dissolves in acids, with evolution of sulphydric acid. The same compound is 
obtained in the hydrated state by decomposing acetate of manganese with sulphydric 
acid, or any manganous suit with sulphide of ammonium. 

A crystalline sulphide of manganese is obtained by passing the vapour of sulphide of 
carbon over hydrated manganic oxide ignited in a porcelain tube. The crystals are 
iron-black rhombic prisms, having a tinge of green and yielding a dingy green powder. 

Artificially prepared manganous sulphide soon turns brown by oxidation on exposure 
to the air. When ignited in the air, it easily gives off all its sulphur as sulphurous 
anhydride, and leaves manganoso- manganic oxide. Ileated in hydrogen gas, it gives 
off Sulphydric acid. It detonates when heated with nitre. Chlorine acta but slowly 
on it, forming chloride of sulphur. The hydrated sulphide boiled with potash, yiolds 
sulphide of potassium and manganous hydrate. 

Manganous sulphide dissolves very easily in acids, even in acetic acid ; sulphurous 
acid converts it into hyposulphite with separation of sulphur. When the precipitate is 
mixed by agitation with neutral metallic solutions, c. </. sulphate of cadmium, acetate 
of lead, ferric chloride, nitrate of silver, sulphate of copper, &e., these metals unite with 
tho sulphur, and the manganese is taken up in their place. 

Manganous sulphide forms definite compounds with tho sulphides of potassium and 
soil iu in. — Tho potassium-salt , K’-'S.lMniS or Mn*K ; S\ is prepared: — 1. By fusing 
anhydrous manganous sulphate with ' of its weight of lamp-black, and 3 times iLs 
woight of carbonate of potassium and sulphur. A gentle heat is applied at first, till 
the carbonic anhydride is expelled and sulphide of potassium formed ; afterwards 
tho lioat is raised to bright redness. On cooling, a perfectly fused mass is obtained, 
which, after the excess of sulphide of potassium has been removed by cold water pre- 
viously do-ueratod by boiling, leaves large dark red scales collected together in manses: 
those masses may be readily split, like mica, into thin, transparent, dark red lainiiur. 
— 2. By substituting peroxide of manganese for the manganous sulphate, a similar 
compound is obtained, but of less brilliant colour.-* The stales, when moist, are rapidly 
oxidised in tile air, becoming black ami opaque ; but, when perfectly dry, they remain 
permanent for a considerable t ime. They are nearly insoluble in water, alcohol, and 
filler. They detonate violently with nit re. Acids dissolve them, with rapid evolution 
of sulphydric acid gas. When heated on platinum wire, they become covered with a 
groen powder of oxysulphide of manganese. They are gradually dissolved by water 
containing air, into sulphate and sulphide of potassium, and manganous hyposulphite, 
which dissolve, and an insoluble mixture of sulphur and manganic oxide. (V olkor, 
Ann. Ch. Phurm. lix. -15.) 

The sodium-salt , Mn*N;t‘ J S\ obtained inn similar manner to the potassium compound, 
fofms small, shining, light red needle-shaped crystals, resembling those of sulphide of 
manganese and potassium in most, of their properties, but more readily oxidisable. 
When treated with distilled water, t hey rapidly become opaque and dark-coloured. Jf 
in this state they are placed over oil of vitriol in a vacuum, they rapidly absorb oxygen 
as soon as they become moderately dry ; and the absorption is attended with so violent 
a disengagement of heat, that the crystals frequently take fire, and burn like a pyro- 
phorus. (Vdlker.) 


MAITOAirSBE-ALtrM. Manga n i co-pot ass ic sulphate, 


(SO*) 2 ) 

Mu'" -OM 211*0, found 

K 

native on the shores of the Great Salt J*ike. — A nutnganrsc-magnesium alunu has been 
found in the Canton Uri in Switzerland. (See Svm'HATKs.) 

MA»Q AW B8B-BLglfPE. Native manganous sulphide (p. 818). 
MAVOA1TB8S-OLAVCS. Syn. with Mangamcsk-hlkndk. 
MAJf O Alf BflR-fl PAJt. Syn. with Diali.ogitk. Native carbonate of manganese. 
XAVOAJfXC ACIDS. Two oxygen-acids of manganese have long buton known, 
▼iz. manganic acid and permanganic acid, the potassium -salts of which are 
represented by tho formula.' : 

Manganate of potassium ...... 

Permanganate of potassium A 

Manganic acid cannot exist in the free state ; but permanganic acid, Mn 2 H*0* has been 
obtained as a liquid, and appears to be capable of existing in the solid state, lne an- 
hydrides corresponding to these acids, viz. MnO* and MirO T , have not been obtained. 
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Recent experiments by Qorgeu (Ann. Cb. Rhys. [3] lxvi. 163) appear to show 
that dioxide of manganese, MnO 2 , is capable of uniting with alkaline bases, am] 
forming salts which may bo called manganitos. They appear to have tho compo. 
sition R 2 0.5Mu0 2 (R denoting a monatomic metal). The potassium-salt is soluble 
in water; the calcium-salt is a brown precipitate, obtained by adding a solution of 
manganous nitrate to hypochlorite of calcium. 

Manganates. MnR v 0 4 . — These salts are isomorphous with the sulphates, selon- 
ates, and chromates. Only three of them have, however, been obtained, viz. the 
barium-, potassium-, and calcium-salts. They have a green colour, but are ver)i 
unstable, especially in solution, being quickly converted into permanganates, with 
separation of manganic oxide : the decomposition is accelerated by the presence of 
acids, and ‘retarded by alkalis. 

Mcingancite of Barium. MnBaO'. — This salt is obtained by igniting pereffcido 
of manganese with nitrate of barium, or better, by adding the peroxide in fine powder, 
and by small portions, to a mixture of hydrate of barium and chlorate of potassium, 
heated to fusion, and afterwards dissolving out tho chloride of potassium by water. 
It is a green powder, insoluble in water. It may, however, bo obtained in tho 
crystalline state by mixing a solution of permanganate of barium with baryta-wator, 
and leaving the liquid to stand in a loosely -covered vessel. (Mi tseherlieh.) 

Manganatc of Potassium . MnK 2 0'. — When dioxide of manganese is strongly 

ignited with hydrate or carbonate of potassium in excess, manganic acid is formed, under 
the influence of tho alkali, together with a lower oxide of manganese. Ignition in open 
vessels, or with an admixture of nitrate of potassium, increases tho production of tho 
acid, by tho absorption of oxygen which then occurs. The product has long been known 
as mineral chameleon , from the property of its solution, which is green at first, to pass 
rapidly through several shades of colour. A more convenient process for preparing 
manganato of potassium is that recommended by Ilr. Gregory. lie mixes intimately 
4 pts. of dioxide of manganese in fine powder with 3^ p*8. of chlorato of potassium, and 
adds tho mixture to 5 pts. of hydrate of potassium dissolved in a small quantity of water. 
Tho mixture is evaporated to dryness, powdered, and afterwards ignited in a platinum 
crucible, but not fusod, at a low red heat. The ignited mass, digested in a small quan- 
tity of cold water, forms a deep green solution of the alkaline manganato, which may 
bo obtained in crystals of the same colour by evaporating the solution over sulphuric 
acid in a vacuum. 

Manganate of potassium is not soluble in water without decomposition. When 
wator is poured upon the cystitis, they are resol vod into permanganate of potassium, 
and a black crystalline compound of potash with peroxide of manganese (manganito 
of potassium) which almost immediately gives up its potash to tho water, and leaves 
pure hydrated peroxide of manganese. (Mitschcrlich.) 

3MnKW + 2H 2 0 = Mn 2 tf*0 8 + 4KH0 + MnO 2 . 

Manpannte. lVrmunpuuatt*. 

According to Gorgeii {loc. cit.), when carbonic anhydride is passed through a solution 
of potassic manganate till the alkali is completely converted into carbonate, perman- 
ganate of potassium is formed, together with a yellow hydrated precipitate containing 
manyanite of potassium, K 2 0.5Mn0 2 , or Mn 4 K 2 0 M . 

Manganato of potassium dissolves without decomposition in wator containing freo 
alkali. If potash bo added, not in too great excess, but still sufficient to form a 
green solution, this solution sometimes t£rns rod when warmed, and remains so after 
cooling ; but if briskly stirred, it turns gfcefon again. 

When a very strong solution of potassic manganate is exposed to the air till tho 
potash has absorbed carbonic acid, crystals are sometimes formod consisting, according 
to Mitschcrlich, of acid manganate of potassium , MnKHO*. 

Manganatc of Sodium .* — Obtained by igniting peroxide of manganese with caustic 
soda. It is so very soluble in water, that it cannot be obtained in the crystalline state 
(M itschorlich). According to Gentele, however (J. p. Chem. lxxxii. 58), man- 
ganate of sodium is obtained in nearly colourless crystals resembling Glauber's salt, 
and containing MnNa 2 O 4 .10lI 2 O, by heating equal parts of finely-pulverised peroxide 
of "manganese and nitrate of sodium in a muffle to a bright red heat for 16 hours, 
boiling the pulverised black mass with water, and leaving the solution to stand in a 
cold place. The Crystals dissolve in water with slight decomposition, yielding a peon 
solution. According to Wfihler (Ann. Ch. Pharm. cxix. 375), on the other hand, 
this process does not yield a trace of sodic manganate, because the nitrate of sodium is 
decomposed before the tempera turo required for the formation of the manganate is 
attained ; in fact, the decomposition is so complete, that the process might be used for 
the preparation of pure hydrate of sodium." IButwhy does not this hydrato of sodium 
act on the peroxide of manganese so as to form sodic manganate and a lower oxide ?] 
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ftnaMfualos* Mn’RK)*. -—These salts are more stable than the manganates, 
and are, in fact., produced by their oxidation. They are isomorphous with tke per- 
chlorates, CIRO 4 ; a fact which affords a strong argument in favour of the diatomicity 
of manganese, inasmuch as if tho metal be regarded as monatomic, the formula* of 
the permanganates and perchlorates do not exactly correspond, the one containing 
2 at. Mn, whereas the other contains only 1 at. Cl. 

Permanganate of Ammonium. Mn^NIf — Whon permanganate of silver 
is triturated with an equivalent quantity of sal-ammoniac and with water, a purple-red 
solution is formod, which, when decanted from separated chloride of silver, yields by 
evaporation, crystals corresponding in composition with the above formula, and not 
containing any water of crystallisation. They are trimotric, and similar in form to tho 
potassium -salt, but with somewhat different angb s : a : b : c*=0*8050 : 1 : 0*6619. 
ooP : ooP = 77 0 40'; Poe : Poo =78° O'. When dried by heat, they quickly decompose. 

pfrmanganate of Barium. Mn f BjiO“. — This salt may be prepared by passing 
carbonic annydrido through water in which impure manganato of barium, obtained 
hy calcining peroxido of manganeso with nitrate of barium, is suspended, till 
tho salt is completely decomposed, then decanting, boiling for a while in order 
to decompose the resulting acid carbonate of barium, and evaporating the clear 
solution to the crystallising point. Or permanganate of silver is decomposed by an 
<*qui valent quantity of chloride of barium dissolved in water, and tho solution ia 
evaporated. 

Permanganate of barium forms black prisms, permanent in the air, and isomorphous 
with anhydrous sulphate and selcnatc of sodium (Mitschorlich). When the rod 
solution of this salt is mixed with baryta-water, it acquires a violet colour, loses after a 
while its alkaline reaction, and yields by evaporation crystals of manganato of 
bari uni. 

The permanganates of calHum t coj>per t m ag nesiu m , sodium , strontium , and einc are 
prepared like the ammonium-wilt: they are deliquescent and difficult to crystalliso. 
Tho lithium-salt crystallises more rapidly. 

Permanganate of Hydrogen , or Per manganic acid. Mn 7 JPO". — This 
acid may bo obtained in the state of aqueous solution, by decomposing tho barium-salt 
with sulphuric ucid. As thus obtained by Mitschorlich, the free acid appeared to bo a 
body not more stable than peroxide of hydrogen, being decomposed between 80° and 
40°, with escape of oxygen gas and precipitation of hydrated peroxido of manganese. 
It bh^hed powerfully, and was rapidly destroyed by all kinds of organic matter. 
Hunefeld, on the other hand, obtained permanganic acid in a Htato in winch it could 
be preserved, evaporated, redissolved, &c. He washed the manganate of barium with 
hot water, by which it is resolved into dioxide of manganese and permanganate of 
barium, and then added to it the quantity of phosphoric acid exactly necessary to neu- 
tralise tile baryta. The liberated permanganic acid was dissolved out, evaporated to 
dryness, and by a second solution and evaporation, obtained in tho form of a reddish- 
brown mass, crystalline and radiated, which exhibited tho lustre of indigo at some 
fx>ints and was entirely soluble in water. When the dry permanganic acid was fused 
in a retort with anhydrous sulphuric acid, and afterwurds distilled at a higher tem- 
perature, an acicular sublimate of a crimson red colour was obtained, which appeared 
to be a combination of permanganic and sulphuric acids, (lk-rzolius’ TYaiti , i. 622.) 
When monohydrated sulphuric acid is poured upon a somewhat considerable quantity 
of crystallised permanganate of potassium, the salt is decomposed, with great evolution of 
heat, red flames bursting out, oxygen being given off, and manganic oxide being set 
free in dark-brown flakes and shreds like spider-lines. Tho red flames seem to show 
that permanganic acid is gaseous at the high temperature produced by the reaction. 
Its volatility has been further demonstrated by Terreil (Hull. 8oc. Ohim. de Paris, 
1862, p. 40), who makes use of this property to obtain the acid in the pure state. For 
this purpose, permanganate of potassium is dissolved in sulphuric acid (H*S0 4 ) diluted 
with 1 at, water; and the greenish-yellow solution is distilled over the water-bath at 
60° or 70°. The apparatus then becomes filled with violet vapours, which condense 
to a soluble greenish-black liquid, not containing either chlorine or sulphuric acid, but 
consisting of pure permanganic acid. It is difficult, however, to prepare a large quan- 
tity of the acid at once in this manner, inasmuch as, at a certain moment, as soon as 
tho quantity of the distillate has become somewhat considerable, it decomposes spon- 
taneously, with slight detonation and separation of manganic oxide. 

Permanganic acid thus obtained is a thick, greenish-black, metallic-shining liquid, 
which appears to be capable of solidifying. It greedily attracts moisture ; it* solution 
has a violet colour, and, if protected from dost, may, when dilute, be preserved 
with tolerable facility. When quickly heated, it detonates ; but if slowly warmed, it 
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volatilises in violet vapours, Having a peculiar metallic odour. It possesses very great 
oxidising power, instantly setting fire to paper and alcohol, the latter with ox plosion. 
In contact with fatty bodies, it detonates with violence. Whon a few drops of aqueous 
sulphite of potassium are lot fall on permanganic acid, a very brisk reaction bikes placo ; 
part of the acid is carried forwani in vapour, and the vapour decomposes as it 
diffuses through the air, depositing a shower of brown flocks. Permanganic acid dis- 
solves to a certain extent with greon colour in strong sulphuric acid. The solution in 
acid containing 3 at. water, is violet ; a difference which seems to indicate the existence 
of ah anhydrous and a hydrated permanganic acid. (Terre il.) 

Permanganate of Lead , Mn z PbO H , is formed, on mixing a solution of nitrate 
of lead with permanganato of potassium, as a brown precipitate, soluble without residue 
in nitric aciil. 


Permanganate of Potassium. Mn 2 K 5 0®.— This salt may bo prepared 1 ho 
following processes : — 1. One pt. of peroxide of manganese is ignited with 1 pt. of 
hydrate of potassium (or 1*8 of nitre); the resulting mass dissolved in water; and 
the red solution decanted and evaporated, rapidly at first till small needles appear, 
afterwards cautiously, so that the crystallisation may go on regularly (Chcvillot and 
Edwards). — 2. Chlorate of potassium being kept in a state of fusion over a spirit- 
lamp, hydrate of potassium is first added to it, and then an excess of finely-divided 
peroxide of manganese, which immediately dissolves, forming a splendid green solution. 
The mixture is then heated till the whole of the chlorate is decomposed; and the mass, 
when cold, is boiled with a small quantity of water, whereupon the green colour of the 
solution changes to red; finally, the liquid is decanted from the peroxide of manganese 
while still hot, and set aside to crystallise by cooling (W ohler, Pogg. Ann. xxvi. f>2h). 
Gregory (J. Pharm. xxi. 312) adds a solution of 10 pts. (3 at.) of hydrate of potas- 
sium in a very small quantity of water to a finely-divided mixture of 8 pts. (3 at.) of 
peroxide of manganese and 7 pts. (1 at.) of chlorate of potassium ; evaporates to dry- 
ness, during which a small quantity of mineral chameleon is formed; ignites the finely 
powdertxl inass in a platinum crucible over a spirit-lamp, till the whole of the chlorate 
of potassium is decomposed (for which a low red heat is quite sufficient) ; reduces the 
semi-fhsed mass to coarse powder; lioils it in a larger quantity of water ; allows the 
insoluble portion to subside, and decants ; evaporates the clear solution rapidly ; again 
decants from the freshly precipitated peroxide of manganese ; and leaves the solution 
to crystallise by cooling. The crystals are then washed with a small quantity of cold 
water; dissolved in the smallest possible quantity of boiling water ; and the solution 
is loft, to crystallise by cooling. In this manner needles are obtained three-quarters of 
an inch in length, and amounting in weight to about a third of the peroxide of manga- 
nese employed. If it be desired to filter the solution, in order to avoid the loss arising 
from decantation, a funnel may be used, having its neck filled with asbestos. 

The salt crystallises in dark purple-red needles, having first a sweet, and afterwards 
ft rough taste; it does not redden turmeric, and is permanent in the air. The crystals 
are trimetric; a:b:c «-= 0*79523: 1: 0 6478; ooP : ooP = 76° 69'; Poo : Poo * 78° 20'. 
They are prismatic, exhibiting the combination <xsP . Poo , the latter often predominant; 
frequently, also, with oP and other faces. The salt dissolves in 16 pts. water at 15^. 

The crystals decrepitate when heated, evolve 10*8 per cent, of oxygen gas, and are 
converted into a black powder from which water extracts manganate of potassium, 
leaving 64 per cent, of black manganic opde. When heated in an atmosphere of 
hydrogen gas , they become red-hot and diminish in bulk, at first rapidly, afterwards 
eiowly, with formation of a green mixture of hydrate of potassium and protoxide of 
manganese. The salt, when triturated with sulphur , produces a series of small detona- 
tions. Mixed with an equal weight of sulphur and heated to 177°, it explodes with 
flame. Phosphorus produces a much louder detonation when triturated with it, also 
when heated with it to 70°. Charcoal, arsenic, and antimony likewise take fire when 
Heated with the salt. 

A solution of permanganate of potassium containing perchlorate, deposits crystals con- 
taining the two salts m the same proportion as the solution. In presence of a very 
large excess of perchlorate, they are red ; but if the proportion of permanganate amounts 
to one half, they appear black. 

Permanganate of Silver , Mn*Ag*0", is obtained, according to Mitscherlich, on 
mixing warm solutions of nitrate of silver and permanganate of potassium, the solu- 
tion as it cools depositing the salt in large regular crystals, which require 190 times 
their weight of water at 15° to dissolve them. In warm water they are much more 
soluble, but they cannot sustain a boiling heat without decomposition. 

The manganates and permanganates, especially the latter, are used as oxidising 
agents for a variety of purposos. A solution of permanganate of potassium is quickly 
deoxidisod, and consequently decolorised, byknlphurous acid, by neutral solutions of 
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sulphides and pentathionates, and by acid solutions of sulphites, hyposulphites, tetro- 
thionates, sulpbocyanates and nitrites ; mow slowly by trithionates. Acidulated 
solutions of mercurous, ferrous, stannous and antimonious salts, and acid solutions of 
nraenious acid, likewise rapidly decolorise a solution of a permangtumto. A solution of 
permanganate of potassium constitutes a test-liquid of great use in volumetric analysis, 
os we have already had occasion to notice (see i. 263 ; 11 . 69 ; in. 384). 

The manganatea and permanganates likewise act very rapidly on organic matter, and 
may therefore be employed as disinfecting agents. Solutions of these salts have, in fact, 
lately been prepared on the large scale for this purpose by Mr. Condy. Putrid water 
from stagnant pools is rapidly deodorised by these solutions. Their freedom from 
odour and perfectly innocuous character render them available for many purposes for 
which other disinfectants cannot be used, as for application to wounds and foetid 
sores: they may also l>e advantageously used for the purification of tainted jtrovi* 
sioUfl. On the other hand, their fixed character renders them less adapted for purifying 
infected atmospheres than the hypochlorites, which evolve a gas capable of acting on 
the organic matter in the air. (See Hofmann’s Jitport on Chtmical Products and 
Process? s in the International Exhibition of 1862.) 

Mfsw nAWCTB. Native manganic hydrate (p. 810). 

|w a if OIMEA OABOBBXrBXS. The tree which yields the so-called Dika 
bread (ii. 330). 

MASTGOBD WTTRBBB. See Brta (i. 682). On the changes which take place 
in the composition of the plant during it* growth, see R. Hoffmann. (BulL Soc. 
Chim. de Paris, 1864, p. 393.) 

MAirOOSTnr. C“H w O“. (W. Schmid, Ann. Ch. Pharm. xeiii. 83). — A sub- 
stance contained in the husk of the fruit of Garcinia Mangostana (ii. 771). To obtain 
it, the dry husks are boiled with water to extract tannin, then treated with hot alcohol, 
and the alcoholic extract is left, to evaporate, whereupon it deposits mangostin os a 
yellow crystallino substance, mixed with a large quantity of yellow amorphous resin. 
To remove the latter, the whole is dissolved in alcohol, and the solution is mixed with 
sufficient water to render it opalescent ; it then, on cooling, deposits, first the resin, 
afterwards the mangostin in small yellow laminae. For further purification, the alco- 
holic ablution ia pTcci\>italod with basic acetate of lead ; the washed precipitate is 
suspended in water, and decomposed by aulphydric acid; the fill rate is mixed at tho 
baling heat with water, till it becomes milky ; and the mangostin which separates 
from it on cooling is finally purified by crystallising it several times from dilute 
alcohol. . 

Mangostin thus prepared forms thin golden-yellow lamina 4 , destitute of taste and 
smell. It melts at about 190°, without loss of water, to a dark -yellow liquid, which 
solidifies to an amorphous mass; by a stronger heat, the greater part of it is decom- 
posed, tho remainder subliming unaltered. It is insoluble in water , but dissolves easily 
in alcohol and in ether, forming neutral solutions. Warm dilute acids dissolve it 
without alteration ; by heating with strong nitric acid , if is converted into oxniic ncid. 
Alkalis dissolve it with yellow or brownish colour. It reduces the noble metals from 
their solutions: with ferric chloride, it forms a dark greenish-black solution, the colour 
of which disappears on the addition of acids Jf is not. precipitated by any metallic 
salt, excepting basic acetate of lead . The yellow precipitate thrown down from the 
alcoholic solution by neutral acetate of lead and a little ammonia, gave Jjy 1 ij* 
100°), in one experiment, numbers agreeing nearly with the formulae 4b Jl O .6rbU. 

BKAVZBOTZC ACID, An acid said to have boon obtained from tho root of 
Jatropha Manihot ; it crystallises in prisms, having an acid taste, and forma, with 
baryta, lime, and magnesia, neutral, easily fusible salts, crystallising in nodules ; but its 
existence is not well established. (Handw. d. Chcm.v. 113.) 

MCAlTXXiA om A resin of unknown origin, resembling Copal and Dam mare 
resin. It dissolves for the most part in alcohol of 90 per cent., and melts easily, dif- 
fusing an odour like that of the resin of the Conifer®. (Buchner.) 

KAXIOC. The Indian name of the nutritious matter of Jatnrpha Manihot, from 
which cassava and tapioca are. mad»' in the West Indies. It has been analysed by 
Payen. (Compt reni xliv. 401.) 

ICAWA. A saccharine juice which exudes from certain species of ash and other 
plant*. It ha* a strong smell, a swertish, slightly nauseous taste, and acts as a mild 
purgative, but is also more or less nutritious. 

The trees which yield the manna of commerce arc two snecies of as! 
warmer parts of Europe and in the East, viz., Fraxinus Ornus,Unn. 
the Booth of Europe, in mountainous situations, especially in Calabria 


i growing in the 
, which grows in 
and Sicily ; and 
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Fraxinus rotwndifolia, Lamarck, or Ornus rottmdifolia, Persoon — the round-leaved, 
flowering, or manna ash, which grows in Calabria and in the East. According to 
Decandolle, it is from this latter tree that manna is chiefly obtained. The manna flows 
naturally from the trees, and attaches itself to their -sides in the form of white trans- 
parent drops ; but the extraction of the juice is facilitated by incisions made during 
summer. 

The finest kind of manna is called flake manna ( Manna cannvlata vel canellata). 
It is white or yellowish- white, light, porous and friable, the fractured surface exhibit- 
ing a number of small capillary crystals. Its odour somewhat resembles that of 
honey ; its tastoifr sweet, but afterwards rather acrid. 

Inferior sorts are: 1. The Sicilian manna , which is the commonest in English com- 
merce, consisting of small, soft, round fragments of a dirty yellowish-brown colour, 
intermixed with panicles of dark flake-manna : this kind contains many impurities. 
—2. Manna in sorts (in sards), which may be subdivided into : a. C rerace , which 
approaches most nearly to flake manna ; and, j9. Caprice, which comprises not only 
that from the district so called, but also that of Cinesi and Faberetti in Sicily ; it is 
fatty, sticky, and hard, though clearer in appearance than the last. — 3. Manna calabrina t 
which stands between the last two (a and &), but is now of rare occurrence in com- 
merce. — 4. An inferior kind, known as Manna communis , is found in the Neapolitan 
province of Capitanata, on the declivities of Mount St. Angelo. It is not fatty, but 
very damp, and is chiefly consumed in Italy, and sent to the Levant. The yearly pro- 
duction of this kind of manna amounts to more than 200 tons. 


Analyses of Manna. 


According to Lcucht wei sa.f 


According to Buchols.* 
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1053 


There are also several varieties of saccharine exudations, known under the name of 
manna, not produced by the ash. Of these Landerer enumerates eight, viz. : 1. Manna 
laricina , from the leaves of Lari a: europeea ; ulso called Briamjon manna. According 
to Berthelot, it contains melezitose (q. v. ). — 2. Manna cedrina , from the branches of 
IHnus cedrus. This variety is brought from Mount Lebanon, and lias great repute in 
Syria. — 3. M. celastrina. — 4. M. quercina. — 6. M. australis, produced by Eucalyptus 
resiniftra . — 6 . M. cistina s. lahdanifcra , a rare variety met with in Greece. This is 
derived from several species of Cistus , and is -called Cistus manna. — 7. M. Althagvia , 
the exudation of abdysarum Alkago , a plant indigenous in Arabia, and growing also 
in the maritime districts of Greece. This ih&nna is supposed to exude from the Hcdy- 
sarum, which covers extensive plains in Arabia and Palestine, as a result of the wounds 
produced on the plants by the browsing of sheep and goats. It is used as nutriment 
by the Arabs, as well as by thoso who form the caravans which cross the Desert. 
According to Landerer, it is this variety, and not the produce of the ash, which corre- 
sponds to the mel ex acre of Pliny, and the humor mellcus of Theophrastus. — 8. Manna 
tamariscina , called also Manna Israeli tar um, and believed by Landerer to bo the manna 
mentioned in the Did Testament. He informs us that this exudation is produced by 
the puncture of Coccus mannifrus, an insect inhabiting the trees of Tamarix mannifvra, 
which grow abundantly in the neighbourhood of Mount Sinai. The manna exudes as 
a thick transparent syrup, covering the smaller branches, from which it flows. It is 
collected by the monks or the district in the month of August. The collection takes 
place very early in the morning, at which time, owing to the coolness of the night, the 
saccharine juice has become to some extent jgpngealed. The tamarisk manna is eaten 
in Palestine, and in the district of Sinai, as a delicacy, and is said to be efficacious in 
flinnsnnr of the chest - It is soluble in water and alcohol, and the aqueous solution 

* Jakrb. pr. Ffcarm. Ixi. (1*09). ^ f Ann. Ch. Pbarin. Uti. 1M. 
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readily undwgeee fermentation. The* alcohol which it yields has a peculiar odour 
resembling that from the fruit of Ceratonia siliqua, Which contains butyric acid, The 
manna must therefore contain fermentable sugar, in place of mannite [or together with 
the latter]. (Pereira's Materia Medico, 4th ed. vol. ii. [1] p, 673.) According to Ber- 
thelot (Compt. rend. liii. 583), the tamarisk manna from Sinai contains 66 percent, 
cane-sugar, 25 inverted sugar (ii. 863), and 20 dextrin. &c. ; manna from Kurdistan 
contains 61 per cent, cane-sugar, 16 6 inverted sugar, and 22'6 dextrin, &c. 

MAN yi TAW' | See the next article, p. 825. 

MAH H ITS. Sugar of Manna. Sugar of Mushrooms. C*JI H 0*. — This substance 
was discovered by Proust (Journal f. Chem. u. Phys. v. Gehlen, ii. 83), and has Been 
investigated by. many chemists, including, among others, Liebig, Fr6my, flJtreckor, 
BertHelot, Wanklyn, ErLenmoyer, and Linnemann. (For references, see Ghndin's 
Handbook, xv. 356.) 

The following plants and parts of plants contain mannite ready formed: the' roots 
of Aconitum Napellus ; of celery, from Apium grawolcns ; of Meum athamanticum ; 
of (Enanthc crocata ; of Polgpodium vufgare ; of Soor sonera Hispanica ; the root- 
bark of Tunica Granatum [constituting Latour’s Granatin]; tho roots of TS'iticum 
repens. The bark of Canella alba contains about 8 per cent, of maunito ; that of 
• Fraxinus excelsior contains mannite. The leaves and young twigs of Sgringa vul- 
garis contain mannite [which, mixed with Lilacin, constitutes Berimys’ Sg ring in : also, 
the leaves of Ligustrum vulgar e ; celery-leaves; the foliage of Cocos nucifera ; the 
fruit of Laurus Persea , of Cactus opuntia. Coffee-beans contain mannite, according 
to Dobereiner. Ergot of one year contained mannite, that of another year mycose. 
Many fungi contain mannite. On algcs there is often found an efflorescence of nmnnito, 
which, according to Stenhouse, may also be obtained from the dry algae ; according to 
Phipson, mannite does not exist in fresh algae, but is formed from vegetable inucilago 
by fermentation. It is formed very abundantly during the viscous fermentation of 
sugar, and to a greater or less extent during fermentation generally. In the trans- 
formation of starch into glucose by boiling with dilute sulphuric acid, it is also formed 
as a secondary product. Finally, Linnemann (AniiXJh. Phono, cxxiii. 136) has 
obtained it by the action of sodium-amalgam on glucose. 

Mannite is usually prepared from manna, which is treated with boiling alcohol, and 
the alcoholic solution allowed to crystallise. On cooling, mannite is deposited. It is 
purified by recrystallisation, and appears to be very easily obtainable in a high state 
of purity. 

Mannite crystallises in thin four-sided prisms, which sometimes grow to a consider- 
able size. One of the characteristics of mannite is the ease with which it may be 
crystallised from its solution in water or in alcohol. The crystals contain no water 
of crystallisation, and are but very slightly hygroscopic. 

At 18°, 1 pt of mannite dissolves in 6£ pts. of water. At 16°, 1 pt. of mannite 
dissolves in 80 pts. of alcohol (specific gravity 0*898), and in 1,400 pts. of absolute 
alcohol. In boiling alcohol, it is much more soluble. In el fur, it does not dissolve at all. 

An aqueous solution of mannite does not become syrupy on being spontaneously 
evaporated; in this respect it differs strikingly from a solution of sugar. It is only 
slightly sweet to the taste. It does not exert any action on polarised light. 

Mannite differs from sugar in its power of resistance to the act ion of heat. It. melts 
between 160° and 165°; at about 200° it begins to boil, and rally bo distilled with 
very little decomposition, even at the ordinary atmospheric pressure. In sealed tubes 
it win bear a heat of 250° without suffering much decomposition ; at higher tempera- 
tures it carbonises. 

It does not ferment except under very unusual conditions. It does not reduce oxide 
of copper to the state of suboxide ; but hinders the precipitation of sulphate of copper 
by the fixed alkalis, causing the formation of a beautiful blue-purple solution instead. 

It may be boiled with solution of potash without imparting a brown colour to the 
solution. 

The composition of mannite was determined some years ago by Liebig, who fixed 
upon the formula which is at present admitted; but, as was shown a short time ago 
(Proceed. Boy. Soc. Edinburgh, 1861-62 ; Ann. Ch. Fbaim. cxxiii. 372 ; Chem. Hoc. J., 
xvi, 221), this must have oeeu by accident ; for, until quite recently, nothing was 
known about man nite which could lead to the adoption of one rather than another of 
three or four formulae, each of them equally probable. 

The close analo gy subsisting between mannite and glycerin was shown by Berth slot 
(Chimie organiq fondie rnr la QynthUe, par M. Berthelot), who obtained a great 
variety of salts of manniteby heatings* mixture of mannite with different acids to a 
temperature of between 260° and 250®: nitro-mannite, which is really the nitrate of 
YoatUL 

■ •- ".sir 



mannite. 

She series h&d been previously discovered by Flores Domo&te And ti($sifa&^1847), and 
then ioT&tigfttod by Strecker. 

The connection between ma unite and the hexylic group ritts shorin by Wanklyn and 
Erlenmeyer in 1861, by the conversion of mannite into iodide of hexyl, by means of 
hydriodic acid : 

C-H-CHO) 8 + 11HI = C^H"! + 6H*0 + 61* 

Mannite. 

By this transformation the formula of mannite, which up to that time was doubtful, 
was fixed with, certainty. 

The chomioAl character of mannite is that of a polyatomic alcohol : it is a hex-atomic 
alcohol: 

«T[o- , *. - JJ|<k 

Or, it may bo regarded as hydride of hexyl in which 6 atoms of peroxide of hydrogen 
replace 6 atoms of hydrogen : 

C a H®(HO) a : type, CFH 14 . 

It is closely related to the sugars, glucose becoming mannite when acted upon by 
nascent hydrogen, whether that hydrogen be a product of fermentation or of the action 
of sodium-amalgam on water: 

... v , C 4 H la O* + H 3 - C*H ,4 0 # . 

Glucose. Mann'te. 

Glucose is probably derived from the hydrocarbon C fl H 12 , being C B H*(HO)* 

On being heated to a temperature of 200°, mannite loses water and passes into 
maunitan (Bcrthelot): 

C a II ,4 0 B - IPO * CT1I ,2 0 S . 

This conversion seems to be partial. Mannite is likewise converted into mannitan 
by prolonged boiling with strong hydrochloric acid. 

When mannite is oxidised with nitric acid, it is converted into saccharic acid, 
and not into mucic acid: on pushing the oxidation further, oxalic acid is obtained. 

Fusion with caustic potash^auses disengagement of hydrogen, and production of for- 
mate, acetate, and propionate of potassium. Distilled with lime, it appears to give 
acetone. 

With fuming nitric acid , or better with a mixture of nitric and sulphuric acids , it 
gives nitro- mannite, C a H H (NO*) a . 

With sulphuric acid it gives a coupled acid, sulpho-mannitic acid: 

(C a H f, )^H s 0«.(S0*) i ‘H*0*. 

Heated for some hours to a little over 200° with organic acids, it forms salts which 
boar a considerable resemblance to the fats. (Berthe lot.) 

When it is heated with bromide of ethyl and potash, it furnishes ethyl-man n it e. 

According to Berthelot, when it is kept for several weeks in contact with water , chalk 
and cheese, or other protein-compound, at a temperature of 40°, it gives rise to alcohol, 
carbonic, lactic, butyric and acetic acids, and hydrogen : at the same time there is no 
production of yeast, and no fat, nor glycerine nor sugar. If a slit testicle be employed 
as a ferment, then there is production of sugar. 

Inasmuch as glycerin has been produced artificially from a derivative of propylene, 
viz., from C“H*Br*, there is reason to expect that mannite will be made from a deriva- 
tive of hexylene. Up to the present time,%)wever, the synthesis of mannite has not 
been realised. ~ * 

Salts of Mannite. — In Berthelot’s Chemie or g unique, §c., a number of organic 
salts of mannite are described, *. e., acetate, butyrate and dibutyrate, palmitate, 
stearate, oleate, benzoate, antf tribemsoate. They are prepared in general by beating 
mannite or mannitan with the acid to a temperature ranging between 200° and 260° 
for from 12 to 15 hours. At the end of this process more or less of the salt is found. 
In order to purify the salt, the crude product is treated with excess of au alkali 
(baryta or carbonate of sodium) which combines with the acid that has not .been used 
up by the mannite or mannitan, but does not attack the organic salt which has been 
produced. Ether is then added and dissolves the salt The ethereal solution, on being 
evaporated, yields the salt, which is an oil or a fiat according to acid employed. 

Of the salts above mentioned the butyrate appears to be the easiest to prepare; but 
in all cases only a portion of the mannite ornmnrhtan undergoes conversion into a 
salt There is the closest resemblance, both wiU)||ly and sfcem ic ally, between the 
salts of glyegrin and these salts of mannite. * 

B^rthdotgyyi a these salts as derivatives, nofri if ijiwiiiiitoyO^BPK)*, butef mannitan, 
C*H ls O*. ,/onnul® (given under Exhbqs, ii* 5&i| ronfinnatiofl? 
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Derivative* of Mannite, * 

Mamii<le« CfcJPK) 4 «• C*H H 0* — 2H*0. — Discovered by Bertheloi; wfcfr obtained 
it by acting upon mannite with butyric acid. It constitutes a syrup, which is at first 
sweet to the taste, and afterwards bitter. It is very soluble in water and in absolute 
alcohol, even in the cold. 

A remarkable circumstance connected with it is its volatility. It is sensibly volatile 
at 100°, and evaporates rapidly at 140°, 

It Is highly deliquescent, passing gradually into mannite when it is exposed to a 
moist atmosphere. Exposed in an open vessel to the air in the usual state, it 
absorbs as much as 40 per cent, of moisture, whilst in air saturated #ith moisture, it 
will sometimes take up as much as 80 per cent 

Mannide is not an ether, but a derivative of the hydrocarbon C*H I> , vis., 
C*1P(H0) 4 . 

htannltan. C*H**O a . — Discovered by Berthelob Obtained, but only In small 
quantity, by heating mannite to about 200°. A better method of preparation is by 
the long-continued boiling of mannite with Htrong hydrochloric acid pur by Jhe saponifi- 
cation of a salt of mannite. It is a curious fact, that the salts of mannite always 
give mannitan on saponification, the munnitau passing subsequently more or less 
completely into mannite. 

Mannitan is a syrup witli a slightly sweetish taste. It may bo very readily 
distinguished from mannite by its solubility in absolute alcohol, which thus affosds a 
means of effecting a separation of these two substances. It is very soluble in water, 
but insoluble in ether. 

On being exposed for a length of time to the atmosphere, it undergoes a very partial 
conversion into inunnite. Boiling with alkuliH or dilute acids accelerates this change. 

When heated above 140°, it partly volatilises. 

With respect to its rational constitution, it appears to the writer of this article that 
mannitan is not an ether of mannite. It would seem rather to be derived from a 
lower hydrocarbon : 

Mannite being derived from C«II'\ t. e„ C*H"(HO)‘. 

Mannitan „ from OTI», i. e., C«II 7 (HO)». 

The ease with which hexylic compounds pass into hexylene is again encountered in the 
mannite compounds, which are hexyl-compounds that have suffered replacement of 
hydrogen by peroxide of hydrogen. (Soe Hexyl-compounds.) 

Jffitro-m&nnlte. C"H 8 ( NO 5 )*. — Prepared by treating marmito with the strongest 
nitric acid and sulphuric acid. It forms beautiful fine white acieular crystals, insoluble 
in water, but soluble in alcohol or ether. It, explodes very violently oil being struck 
witli a hard substance. If carefully heated, it may be di‘Conq>oNod without explosion; 
but when it is suddenly heated, it explodes, but not with great violence. Ib seems to 
suffer spontaneous decomposition qn being kept for a long time. 

It has been proposed to use nitro-mannito for charging percussion-caps, but 
apparently without success. 

A reaction of nitro-mannito which ia of considerable theoretical interest is that with 
sulphide of ammonium, by which reagent it is converg'd, not into u nitrogenous 
organic base, but into mannite. 

Sulpho-mannltlo acid (C a lT M 0*3ftO a ). A kind of mannito-sulphovinic acid, is 
formed by the action of strong sulphuric acid upon mannite. A barium-salt, 
C*n ,, Ba l O*3SO*, and other saltH of this acid, have been obtained. J. A. W. 

MA W ff t ryr* A.CX®. OTI^O 7 . — An acid prodneed, together with nmnnilose, by 
the oxidation of mannite under the influence of platinum-black; it was first observed 
by Dbbereiner, and more completely investigated by U or u p-Bcsan cz (Ann. Ob. 
Phartn. cxviii. 257). To prepare it, mannite is mixed with twice its weight of pla- 
tinum-black ; and the mixture, moistened with water, is exposed to a temperature not 
exceeding 30° or 40° at the utmost, os long as it contains any undecomposed mannite 
(about three weeks for 20 or 30 grains of mannite). The mass is then exhausted with 
water; the solution precipitated with basic acetate of lead ; the well-washed precipi- 
tate decomposed by sulpnydric acid ; and the solution is evaporated, first over the 
water-bath, then in the cold over sulphuric acid. 

Mannitie acid is not crystal lisable, but forms a gummy mass, soluble in water and 
in alcohol, nearly insoluble in ether. It reduces cuprous oxide from an alkaline 
cupric solution, and throws down metallic silver from the nitrate. 1 

The mannitatesfeave not Wt fctdK obtained in the crystalline form. Th« compo- 
sition of thesalts analjMd hr corresponds with the formula C*H W M O’. 

The raMwm t ffft, Idpifcefpitated from its aqueous solution by alcohol. 

Thiwpmt-mti. C 4 H ,# <V0 T » Wmnms as a green amorphous mans wfrj^tts sqneoa* 



MANFITO SE^AWre/ 

station is evaporated. The lead-salt, OH ,0 Fb"O f , separates on cooW tll 
tiqn obtained by boiling mannifcic acid with lead-oxide. The silver-salt Q*Vpn Sv’ 
.Beparat«s as a greenish-yellow precipitate on mixing a concentrated 8olutin»*fX > 
Calcimn-salfc with nitrate of silver. ftl * 

WAWirXTOSE. PEW.- A kind of sugar, isomeric with glucose, produce] 
together with mannitic acid, in the oxidation of manmte under the mguenco ofpltti Dm '. 
black (Gorup-Bosanez, loc. ctt.). It is fermentable, but does not acton polarised 
light. It exhibits, with alkalis, alkaline cupnc solutions, basic nitrate of bismuth, 
carbonate of sodium, and other reagents, the same behaviour as dextro-glucose (ii. 860\ 
but does not unite with chloride of sodium ; its alcoholic solution mixed with alco- 
holic potash containing 1127 per cent, potash, forms a semifluid yellow precipitate, 
corresponding with the formula JC 2 0.2C fi H ,2 0 fl . (Gmelin’s Handbook, xv. 339.) 

BKAmnt& Hunger. Engrais . — This term, in its widest signification, is appli- 
cable to any material used in agriculture and horticulture for the purpose, and with 
the effect, <5f accelerating vegetation, or of increasing the production of cultivated plants. 

In a usual and more limited sense, it signifies the accumulated refuse of the dwell- 
ings, stables, and cattle-yards of a farm — including animal excreta, decaying remains of 
plants, &c. (See Voelcker, 1856-9, Journal of the Bo gal Agricultural Society of 
England, xvii. 191; xviii. Ill; xix. 112; xx. 134; On the Composition of Farm- 
yard Manure. — Lawes, 1862 ibid, xxiii. 46.) Burnt lime, marl, clay, gypsum, &e. 
are also commonly used as manure. 

In addition to these kinds of manure which arc produced upon the fhrm as the 
result of its internal economy, or obtained in the immediate neighbourhood of the land 
to which they are applied, a variety of other materials are employed for the same pur- 
pose, under the name of artificial manure. These materials aro chiefly obtained by 
the farmer from extraneous sources, and sometimes from considerable distances, accord- 
ing to their value. They comprise guano (ii. 962), bones (i. 619), prepared phosphatic 
minerals (Apatith, i. 348 ; Ooprolitf.s, i. 82), ammonia-salts, nitrates, the refuse of 
slaughter-houses and of various manufactures ; fish, sea-weed, &c. ; the refuse of towns, 
in the form either of night-soil or sewage ; and artificial saline mixtures. (See Ure's 
Dictionary of Arts, Manufactures , and Mines, iii. 36 et seq. ; also Way 1849, Joum. 
Boy. Agric. Soc. Eng. x, 196 — Composition and Value of Guano, 1861, lb. xii. 204 — 

On Superphosphate of Lime, 1856, lb. xvi. 633 — Value of Artificial Manures. — 
Voelcker, 1861-2, Ibid. xxi. 350; xxiii. 277 — Chemical Composition and Commer- 
cial value of Phospliutie Manures and Artificial Manures.) 

The fertilising influence of manure is a fact which has been established by universal 
experience wherever the cultivation of plants has been practised. In agriculture— 
considered as that branch of industry which is concerned in the manufacture of food 
for man and domesticated animals, and therefore the most important art of civilised 
lifo — manure may be regarded as being, to a great extent, the raw material employed. 

A complete knowledge of the causes to which the efficacy of manure is due, and of tho 
mode in which it acts, would comprise the whole chemistry of agriculture. The right 
management of the manure naturally resulting from systematic agriculture is the 
basis on which rests the profitable practice of the art, the fundamental principle which 
should regulate all the operations of the farm, and determine all their details. It is 
only by means of such knowledge that it can be possible to modify and improve the 
method of culture, or to make a right selection and use of other materials, besides the 
natural manure of the farm, with the object of.augmenting, artificially, the produce of 
land, by rendering effective, in a higher degree, the natural sources. of fertility. 

The principles involved in the action of*manure are to some extent deducible from 
that knowledge of the general phenomena' *>f vegetation which has been acquired 
chiefly within the present century, and has begun to assume consistency and system 
only within the last five-and-twenty years. The data upon which that know- 
ledge is founded were contributed chiefly by the successive researches of Priestley, 
Ingcnhousz, Sennebier, Wood house, Saussure, and Davy. But though 
they afforded materials for a view of the chemistry of vegetation, more correct than 
that which considered decaying animal and vegetable substances as the chief food of 
plants, they were but little regarded ; and though the researches of Saussure were 
conducted with special reference to agricultural practice, still the humus theory of 
plant-nutrition held its ground, and was adopted by Davy in his lectures on the 
“Elements of Agricultural Chemistry,*’ delivered before the Board of Agriculture 
between 1808 and 1812. In those lectures he did little more than state the general 

S roblem to be solved in the application of cbemistiy to agriculture, and insist upon the 
nportant relation between the science and the art ; but they afford some remarkable 
Blast rations of the correct appreciation of natural facts which, was characteristic of his 
genius. (Priestley, 1772, Phil . TVans. 72; lxii. 167-20&— Ingen houaa, 1779, 
Experiment* on Vegetables, $c . ; 1782 jPhil, Trims. ; 1784, Sur 1* Economic de V4g4- 




MANURE. 


sit 

tiiux, Jour. Phys. xxiv. ; 1798, Essay on the food of Plants and the Renovation of 
Soil*.— Hassenfratz, 1792, Jour. Phye. xiii., xiv. Sur la Nutrition des Vigil 
tattx.— Kirwan, 1794, Trans. Roy. Irish Acad. v. 123. What* are the manures most 
advantugvously applicable to various sorts of soils, and what are the causes of the bene- 
ficial effect in particular instances?— Sen nebier, 1800, Physioloqis vhqUale, 

Wood house, 1802, Nicholson's Joum.— Saussure, 1804, Recherche* chi Cliques sur 
la Vegetation . — Davy, Colluded Works* vii., viii.) 

Following in tho track of Sail ssure'a researches, BousaingAult entered upon 
the study of the same subject, conducting his experiments on a much larger scale, and 
with a more direct relation to agricultural practice than had hitherto been attempted. 
In this country, Lawes was also led, by the suggestive work of Saussure, to study 
the effects of various earthy and saline substances upon the growth of different plants, 
ailff the researches of both have been continued to the present time, Bonssingault’s 
first memoirs on the subject, were published in 1836. and in the year 1839 he had made 
known results of his investigations, which— besides establishing tho composition of 
the most important kinds of agricultural produce; the efficacy of various materials ill 
feeding animals, and the general relations between the composition of tho crops obtained 
and the manure used in the ordinary routine of practice in his locality — had led him to 
adopt the conclusions, that tho carbon and nitrogen obtained in tho several crops com- 
prised in a rotation, amounted to much more than was contained in the manure supplied 
within the same time; and consequently, that those constituents must be derived in 
some way from the atmosphere during vegetation ; that those alternations of crops 
which admitted of accumulations of carbon and nitrogen being gathered from thn 
atmosphere, and conserved upon the farm most largely, in the form of manure, were 
the most advantageous ; that, certain plants were better fitted for this purpose than 
others ; and that the vuluo of manure was, to a great extent, indicated by the amount 
of ammonia or nitrogen which it contained. (See Boussingault, 1830, Ami. Chim . 
l*hy*. ; ltocherches sur la quantity d’ Azote con ton u dans les Fourrages, et sur lour 
Equivalent, lxiii. 225-244, 1838, Jxvii. 408-421 ; Kxamon comparatif des CirconstauCOS 
meteorologiques sous losquelles vegMent. fertilities Plantes alimentaircs, A 1'Aquiitour ot 
sous la zone temp£r6, ib. 337-358 ; 1837, Des Influences nuMorologiques sur la Culture 
do la Vigne, Ixiv. 174 ; MAmoire sur la quantity de Gluten contenuo dans les Farines do 
plusieurs esp&cesde Froment cull iv6es dans le memo sol, Ixv, 301 ; De la Discussion de la 
valeur relative des Assolements par I'analyse elementairo, Compt. rend. vii. 1149; viii. 54.) 

Ingcnhousz and Saussure had already adopted the opinion that the carbon of 
plants was, to a great extent, derived from the atmospheric carbonic acid ; and the same 
view lmd been put forward by llrongniart, in reference to the origin of the coal strata, 
as more probable than the humus theory. (llrongniart, 1837, Compt. rend., Con- 
sidimtions sur la Nature des V7*g6taux qui out couvert la surface do la Terre aux 
di verses 6poques de sa formation, v. 403-415.) 

But it was not until the year 1840 that a comprehensive theoiy of plant-nutrition 
was propounded by Liebig, with such perspicuity and force as to excite universal 
attention. The fundamental proposition of that theory was, that the food of plants, 
tho materials from which the chief mass of their substance is produced in vegetation, con- 
sists solely of carbonic acid, water, and ammonia. The chemical argument* by which 
this view was supported, in opposition to the prevailing opinion, that plants derived 
their carbon, hydrogen, oxygen, and nitrogen from humus, and from other vegetable 
and animal substances, were conducted in such a convincing and logical manner, that 
Liebig has been generally regarded us being entitled to the same honour in the 
establishment of this theory of plant-nutrition, as if the data on which it was based 
had altogether originated with himself. Liebig's researches on tho phenomena of the 
decay of animal and vegetable materials afforded, together with the existing knowledge of 
the phenomena of animal life, the most conclusive evidence that the ultimate products of 
those processes were carbonie acid, water, and ammonia, precisely those materials 
constituting the chief food of plants. Moreover, these substances cannot bo com- 
bined, in any way, so as not to contain a far greater amount of oxygen than the 
substances of which plants collectively consist, and which are produced in vegetation. 
This fact showed that elimination of oxygen was a necessary feature of vegetation, 
and threw an entirely new lij'ht upon the known constitution of the atmosphere and 
the decomposition of carbonic acid by growing plants; at once establishing a most 
remarkable relation between the phenomena of vegetation and of animal respiration, and 
demonstrating the essential interdependence of the processes of animal and vegetable life. 

From the fact that the food of animals is provided exclusively by the vegetable 
kingdom, either directly, in the form of corn, roots, fruit, &c, ; or indirectly, through 
the medium of animal life, as the flesh of herbivorous animals, the importance of a 
knowledge of the chemistry of vegetation, in reference to the cultivation of plants at 
a source of food for animals, is self-evident. Consequently, Liebig's exposition gf 
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bis theory of plant-nutrition had especial reference to the practice of agriculture just 
as the researches of Saussure, Roussi n gault, Laves, and others, had been prose- 
cuted in the same direction ; and it was developed, in it* application, into a theory of agri- 
culture. (Liebig, 1840, Chemistry in its Applications to Agriculture and Physiology,) 

In order to illustrate fully the chemistry of manures, and the principles involved in 
their use* ds well as in the general routine of agricultural practice, it will be necessary 
to give a brief statement of the general features of the chemistry of vegetation, con- 
sidered from an abstract point of view, so far as the present knowledge of that subject 
will permit ; then to describe the conditions which exercise the chief determining 
influence upon vegetation, in regard to the object appertaining to agriculture generally^ 
and the different means adopted for t.ho attainment of that object, according to the 
modification it reoeives by the various special circumstances under which the art is 
practised. ^ 

The ultimate result of the growth and development of plants consists in the pro- 
duction of a number of oxygenated and nitrogenous hydrocarbon compounds: — starch 
sugar (ii. 855), gum (ii. 953), lignin (i. 818), fat (ii. G16), albumin (i. 69), gluten 
(ii. 873), legumin (iii. 568), fibrin (ii. 643), &c., which, in Borne form of subordinate 
modification, are universal constituents of all plants ; and a great variety of other 
analogous substances, which are special constituents of particular "plants or of particular 
plant-organs. 

The chief mass of the solid portion of plants consists of these substances; it is the 
main function of vegetation to produce them, and thus to provide food for animals. 
(See Nutrition.) 

These constituents of plants were formerly termed, in a chemical sense, “organic” 
substances, in conformity with the opinion that they could be produced only by the 
plant-organism, under the influence of vital action ; and that they were totally distinct , 
in their chemical nature, from the compounds producible artificially, and from those 
belonging to theniineral kingdom, which were termed “inorganic” to distinguish them 

chemically from the proximate constituents of organised bodies either^ plants or 

animals — and from the derivatives of those compounds. Modern chemistry, however, 
has discarded that opinion, and with it the use of the forms organic and inorganic, as 
expressive of a distinction which no longer represents a recognised difference ; but 
tho term “organic” is still conveniently applied to the constituents of plants’ and 
animals without involving such a distinction. (Gorliardt, 1853, Traite de Chitnic 
organique , i. 1-6.) 

The materials from which tho proximate constituents of plants are produced in vege- 
tation are few. According to tho present state of knowledge, carbonic acid is the prin- 
cipal source of the carbon ; but in the caso of some plants, a further portion of carbon 
may possibly be derived from other carbon-compounds. (See Humus, iii. 76, and Ulmin.) 
Water is the source of hydrogen and oxygen, while nitrogen is derived chiefly from am- 
monia; to some extent also from nitric acid; possiblyfrom nitrogenous substances ana- 
logous to humus, and from tho elementary nitrogen of tho atmosphere; but whether 
directly or indirectly, or even at all, has not been ascertained. The preponderance of 
evidence is in favour of the opinion that elementary nitrogen is not directly assi- 
milated by plants. See on this subject: Saussure, 1804, Recherchrs &o. l)avy, 

Collected Works, vii., viii. ; — Boussi ngault, 1838, Ann. Chim. Phys. lxvii. 1-54* 
lxix. 353-367; Rechcrches chimiques sur la V<5getation, entreprises dans le but d’ex- 
aminer si les Plantes prennent de l’azotc a Tatmosph^re, 1854 [3] xli 1-60- 1855 
xliii. 149-223 ; 1856, xlii. 1-41 ; 1858, Corn#, rend, xlvii. 807 ; 1838, Compt. rend vi’ 
129; 1839, vn. 889.— Liebig, 1840, Cbmiietfy, $e..~ Mulder, 1846, The Cbmistry 
of Vegetable and Annual Physiology . — G. VI lie, 1853. Reeb-reb s ' xpfr. sur la Veq'i- 
tation; 1856, Compt. rend. xlii. 679; xliii. 85, 143, 612. — Mriie, 1851, Compt. rend. 
xxxii. 180, 770. — Roy, 1854, Compt. rend, xxxix. 1133. — Cloez and Gratiolet 
1850-5, Compt. rend. xli. 775, 935.— De Luca, 1856, Compt. rend, xliii 865 — 
Harting. 1855, Compt. rend. xli. 942.— Petzholdt, J. pr. Cbm. lxv. 101-106— - 
Lawes, Gilbert, and Pugh, 1802, On tho Sources of Nitrogen in Vegetation Phil. 
Trans, for 1861, p. 431 ct seq. and, 1S63, Joum. Chem. iSoc. (2) I. 100.— Le liman n 
Physiological Chemistry , Cavendish Soc. iii. 178.— Mo hi, The Vegetable Cell bv 
Henfrey, pp. 77-88. 9 * * 

Among the substances above named, carbonic acid, water, and ammonia constitute 
the chief materials of plant-food ; and since it is from them that the organic constitu- 
ents of plants are principally produced in vegetation, they have been sometimes called 
the " organic materials of plant-food” ( Quarterly Review, lxix. 336; Schleiden, The 
Plant, P. 173). Lnder natural conditions, these substances are constantly supplied to 
plants oy tips atmosphere (i. 437— 439), which contains them in small proportion but in 
aggregate quantity, continually replenished by the process of animal life (see 
KBsrnLkTiox) ; by the decay of dead animals and plants (Ehbmacausi ii. 497); by 
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mv #rd natural phenomena of the mineral kingdom (i. 770, ii. 835) ; by industrial and 
economic operations (Combustion, i. 1095 ; Fuel, ii. 722) ; by rain, dew, and the 
rtf amtpp from thp Ink oh. and rivers (see Water and Ammonia. 



the atmosphere, or whether they are derived irom orner source as won ; m emier case 
their value in regard to vegetation is the same. They may, therefore, be termed 
collectively the air-food of plants ; and the organic substances produced from them in 
vegetation may bo designated the air-derived constituents of plants. So far as relates 
tothe merely abstract view of the chemistry of vegetation, it is a matter of indifference 
whether the materials, constituting the air-food of plants, are derived exclusively and 
directly from the atmosphere, or whether they are to some extent derived from other 
sources also, and indirectly ; as, for instance, by the decay of humus or nitrogenous 
animal or vegetable substances contained in the soil, or supplied to it as manure. The 
case4s different, however, when vegetation is regarded from a practical point of view— 
as the means of producing food for animals artificially— and when the objects and cir- 
cumstances of the practice of agriculture have to be included in the consideration of 
that subject, the difference is of the highest importance. 

But there are also other materials concerned in vegetation besides the carbonic acid, 
water ammonia, &c., from which the plant constructs its chief substance. In almost 
all plants, and in every organ of a plant, then* are certain substances— indestructible 
by fire — which remainas ashes when plants are perfectly burnt. (Sec Asit, i. 416 ft seq.) 

The ash of all plants contains potash, soda, lime, magnesia, phosphoric acid, sul r 
plmric acid, silica, iron, &e„ which, in the case of land-plants, are derived exclusively 
from the soil on which the plants grow. The relative proportions ot these substances 
vary considerably in different plants, and in the different organs of the same plant ; 
sometimes also, though in a less degree, according to the character of the soil on which 
the plant grows ; but most of them are, in greater or less amount, constant const ituents 
of plants, and are therefore to be regarded as necessary to their existence and essential 
to vegetation. (See Kirwan, 1794, op. cit 146, 148- Saussure, 1804, Recherche 
chimiques sur la Vegetation, pp. 261, 269.) , , mniA 

In connection with the chemistry of agriculture, ihese substances have been commonly 
called the “mineral*’ or the “ inorganic ” constituents of plants; mineral/ in accor- 
dance with the recognised classification of natural objects, info mineral vegc able, and 
animal, because they are earthy in their nature, and are likewise derived from the earth, 
inorganic, to distinguish them from the organic constituents of plants, winch are pro- 
duced in vegetation from carbonic acid, wnier, and ammonia. (H. 1 
Agricultural Chemistry , 1827, Collected Works, viu. 40, et. »eq. ; Tie big, Chemistry m 
it* applications to Agriculture and Physiology, 1840, p. 92 . ft seq ) 

'recondition in which the above substances are found m the ashes of plants is 
doubtless very different from that in which they exist in the plants themselves and 
very little is known as to what that may be. The functions they perform in vegetation 

• Thl« u«« of thp enlthet “mineral" to denote tho** condiment* of plant* which are not dlulpated 
b|Mj«. ‘^nJr^nlhB^herc.,'^ 

thoterm e ™ which are .ufrlM 

the soil ; and *hall follow the nme rule in reicrenc . ^-.^rlaU nf plant-food— carbonic 

ctdu.tc.ly b, U. «... In ord« rujil. «"««•;" r ^* "» L l.rm .nhnn.l." 

«‘^ tcr * * nd I !, ;o,n.«on inonK chewUtu : and will venture to *uge**L that there 

which it now condemned, ha* long comt ffinlnK from if.at mm of the term which ha* Iwen ru*- 
t* no reaaon. beyond ob^irnc» to au^onty, for «>•»*• b ‘Tonally to «U the element*. 


t* no reaaon. beyond obedience to authority, mr ah»ta n ng _ *• , -quail y to all the element*, 

^«ugh the ^^et-mmera gl ” r 3 Wator? not *. .yno.tym.ma 

^•2. ,ea V d ?* 6d * when u£d > u true aei»*a th, snt.lhe.l* to “ organic/' Nor 

with the chemical tern. Inorganic. .H .pSaTrefc Vnre to the cheml.try of agriculture. been »uch a* to 
hMtheoaeof the term ‘ m ‘ n * r ^ (11 " n ‘« t h the term *• InorKanlc/* when u*ed In it* t.u* rhi-mcnl 
indicate it* equivalence to, or ' h „ ^ ,,^1 In reference to that Mihject, during the a*t 

ewue. On the contrary, the term ^J.^jJion of thVa.h-coo.t.tuent* ol plant*: and during the laat 
fiftv year* at leaat, for the tpeciac designation other ‘ in..nranlc” material* of pi ant- f« tod— carbonic 
thirty year., to dUtlnguUh them ■ “An AdtrL to the Agricultural of Great Britain, 

add, water, and ammonia, ThU i* apt]! »luu Manures hr PmfrMor Juetua Liebig— Liverpool, IS4A, 
rrptoMng Uu Prmdpiti < *■ A "g%S .n J a. “eh- arc !»•> -.IruSlW. by Br. , and, 

p. d— by lb. description, I hoy *' ' “'K U icinwi "oTa? tl>. plant., nr of thrir part..- ( S->'*l»o 
conaequently, remain a* a*he* after tiie nicmer»*»u „ » . . A rw ,j ^ VMt ,uge. In being 

Schleiden, The Ptont, p. IK.) ^ J*, f i i n ^mJ‘ln*Unce«, by LJebl* and other*, tor the 

more preclae than term Inorganic, JJ contradtatloguiahed from the other material* 
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are also little understood. The amount of them contained in plants is com M m,v.>_ 
very small; bvt. those which are constant and essential constants of particular piZ 
necessary to vegetation, must be regarded as indispensable constituents ofpknt 
fZl S (^lFirZan,op. eft! 149, 157-Saussure, op erf., p. 261.) This is e£ t 
1 from the fact that plants will not grow to maturity under conditions which exclude a 
supply of the ash -constituents found in them under ordinary circumstances. The 
necessity of the ash-constituents in vegetation is rendered still further apparent hy the 
fact that the fluids and organs of animals contain precisely those ash-constituents 
which aro always found in fully-developed plants. (Bilb, i. 587; Blood, i. 609 ; 
Bonn, i. 619; Chyle, f. 961; Flesh, ii. 663; Gastric juicb, ii. 822; Muscular 
tissue; Nervous tissue.) 

Moreover, the functions of these ash-constituents in the process of animal life, have 
been so for traced, that there cannot be any doubt of their being essential to it, both in 
the growt h of animals — when they partly remain in the body, contributing to its 
increase — and during the life of mature animals, when they no longer remain and ac- 
cumulate in the body, but are eliminated, either directly or indirectly, in common 
with the rest of the daily food, in the excretions, after having performed their quota 
in the chemical process of animal life. (See Nutrition.) 

The ash-constituents of plants have, therefore, a two-fold importance, being essentially 
concerned both in vegetation and in animal life. Since they cannot be derived from 
tho atmosphere, it is evident that the soil on which plants grow has a far more impor- 
tant share in vegetation than that of affording merely mechanical support: that it is 
likewise the source of an essential portion of their food. (See ante, p. 829.) 

The mode in which the materials of plant-fowl are taken up jnto the organism of 
tho plant is twofold : partly by means of the leaves, and partly by the roots. The 
absorption of carbonic acid by the leaves and green parts of plants, first observed by 
Priestley (1772, Phil. Trans. lxii. 166), and more fully demonstrated by Saussure and 
Sen n ebi or, is one means by which plants may appropriate carbon, and perhaps water ; 
but whether they obtain nitrogen in the same way, has not been proved (see Mo 111, 
The Vegetable Cell , p. 86). The ash-eonstituents of plants can be introduced into their 
organism only by the roots, aud the structure of plants justifies the opinion that they 
are taken up in tho state of solution in water (Mo hi, op. cit. p. 65). Put, besides the 
ash -constituents, other food- materials are taken up by the roots, especially in cul- 
tivated plants — carbonic acid, ammonia, or other nitrogenous substances, resulting 
from the decomposition of humus, and perhaps also carbonaceous compounds other than 
carbonic acid. (See Mohl, op. cit. pp. 80, 81. — Mulder, The Chemistry of Vegetable 
and Animal Physiology , pp. 142-188. — Tri n chi nett i, Sul Facolta asmrbente della 
Rat/ici , pp. 65. — Boussingault, Rural Economy, p. 41 et seq .) 

Scarcely anything is known as to the precise influence exercised upon the growth 
and development of plants by tho relative amounts of air-food supplied by the atmo- 
sphere and from within the soil, or of the modifications of growth which may result 
from such influences ; though there are numerous facts, established by agricultural 
experience, which apparently indicate that this circumstance is in some cases of especial 
importance in determining the character of the produce. (See pp. 841, 844.) 

Nor are the special functions of particular materials of plant-food in the growth of 
plants any better understood, though experience appears to indicate that they are use- 
ful in some other way than by directly contributing to the increase of mass in tho 
plant ; and it is far from being established that either the kind or amount of the sub- 
stances of which plants consist afford a quantitative indication of the food-materials 
which are necessary in their growth. This is especially the case with cultivated plants 
which are frequently grown with special objects, requiring a disproportionate develop- 
ment of particular organs and constituents. 

These circumstances render it very doubtful whether the requirements of plants 
during their growth, can be correctly measured by a knowledge of their composition 
alone, any more thau it would be possible, in the case of animals, to determine the 
quantities of food required during their existence, merely from a knowledge of the 
qualitative and quantitative composition of the animal at any period of its life. 

The various materials concerned in vegetation as plant-food, are all equally necessary 
for the growth and development of the great majority of plants. No one of them can 
be replaced by anything else, not even by an increased amount of some other of them. 
All must be supplied together ; in the absence of any one, the rest, however abundant, 
are wholly incapable of supporting vegetation, and deficiency of any one limits the 
effect of the remainder. 

Hcntfr^jBr, the relative proportions of tho several materials of plant-food requisite for 
rea|9HB|jiie'not absolutely constant for all plants : on tbe contrary, they vary to some 
plants, or families of plants: some plants drawing more largely 
t^^HHE-food than others; some requiring a greater proportion of ash-constituent*. 
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Among the former, some produce the nitrogenous constituents in larger proportion 
than others; while' some produce chiefly the corresponding non-nitrogwiou* constitu- 
ents. Among the latter, some require alkalis, some phosphoric acid ih preponderating 
amount, others require chiefly lime, silica, &c. 

The special conditions under which plants grow also exercise a considerable influence 
in modifying their requirements as regards the several food-materials, and in deter- 
mining the size of particular organs, as well as the relative proportion of the nitroge- 
nous and non-nitrogenous constituents produced. Many plants become, under culti- 
vation, totally different, both in structure and composition, from what they are in a 
state of natural vegetation; but the extent to which tins influence is, or maybe 
exerted, is far from being sufficiently known, nor are the conditions which determine it 
fully ascertained. Climate and season, the physical condition of the soil, the greater or 
less facility with which some or all of the food-materials may be obtainable by plants 
in particular cases, and the copious or scanty supply of certain food-materials, are all 
doubtless influential in this respect, and this subject still offers a wide field for obser- 
vation and research. ... 4 . 

Among those conditions of vegetation which are neither chemical nor climatic, the 
physical characters and state of land exercise grout influence upon the amount of pro- 
duce. Soils differ naturally, in this respect, according to the relative proportions of 
clay, sand, gravel, &c., which they contain, and they differ, perhaps still more widely, 
in regard to the texture the} 7 possess, or are eapable of acquiring by tillage. (See Soils, 
and Sous sing unit, 1845, Rural Ke<.noiny t pp. 258-308.) 

The essentially chemical conditions of vegetation consist then, in ft supply of food- 
materials: they comprise the existence in the soil of the requisite ash-constituent* in 
a state fit for assimilation by plants, and a supply of the requisite) air- food. 
Wherever these conditions obtain in due proportion, together with the conditions of 
climate, &c„ required by particular plants— whether perennial or annual— thoso plants 

will grow, attain maturity, and perfect, development. 

So far then as relates to the purely chemical conditions of vegetation, other condi- 
tions beiii" the same, the quantity of plant-substance produced within a given tima 
on a given area of land -the amount of produce-will be determined, within certain 
limits, by the quantity of plant-food supplied ; and it will be limited by the available 
quantity of that constituent of the food which is supplied meanwhile, m least amount, 
relatively to the general requirements of the particular plant growing. 

Sinco the very striking difference, recognisable, in vegetation at different place., or 
on different land, and manifested in flu. unequal amount, of produce, cannot, bo naenbed 
to the atmospheric supply of air-food, which is always constant, and « v, ' r y" , '® ro 
same, it becomes necessary to seek in tim sod for the chemical cause of these differences 
in the Agree of fertility as represented by the amount of rmslnce. The soil heing .the 
only source of the ash-constituents of plant-food, the capabihty of perform ng Its share 
in the chemical conditions of vegetation must necessarily depend upon its containing 
the requisite ash-constituents, in sufficient amount, and ill such a state, as to he avail- 

"'when'it m considered that soils have been formed by the mechanical and chemical 
alteration of rocks possessing the most varied composition, that 

disintegrated dibris of granite, basalt, clay-slato, limestone, sandstone, chalk, &c.. It m 
evident that their chemical constituents must vary very ^ns.dembly accorfmg to tha 
particular rocks from which they have originated, just m the name manner as they differ 
m being Handy, calcareous, loamy, or argillaceous. . ... 

The total amount of the ash-constituents concerned in vegetation will therefore be very 


me total amount of the ash-constituents concerned m veget 
different in different soils. Moreover, the different, chemical nature of the m iurals conirtl 
tnW the rocks fmm which soils have originated, and the nni^nq) «.n«ept..h,Vty of fhoso 
minerals to decomposition under atmospheric influences, give rise to wide difference* 
between soils in r^ard to the chemical condition the as constituents they contain. 


^Thn^miH'hiuillMl'owmrtiOTir of" tillage, besides communicating to .oils that textt.ro 
which is necessary to admit of the free development of the roots, nre also conducive to 

Mimnce S uZ when it contains a large proportion of eUy, 

is » sfiasaite 


influence the fertility of land. 
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give some idea of the variation affecting the most important constituents, phosphoric 
acid and potash, &c., existing in such states as to be soluble and insoluble in dilute 
hydrochloric acid. (Magnus, 1846, Ann. der Landwirthschaft , xiv. , 2: Bericht iibor 
Vcrsuche betreffend die Erschopfung des Bodens, welche das Konigliche Landes 
Ookonomie-Kollegium veranlasst hat.) 



Percentage amount of ash- constituents in soils. 

Quantity per 
ucr* at a depth 
of one foot. 
Soluble in acid. 
Average. 

Soluble in dilute acid. 

Insoluble in acid. 

Average. 

Maximum. 

Minimum. 

Maximum. 

Minimum. 

Lime . • 

0895 


. 

. . 


35,794 lbs. 

Magnesia . ^ 

0260 


. 

. . 

. . 

10,180 * 

Potash 

0-221 

0-530 

trace 

3-406 

trace 

8,983 

Soda . 

0161 






Silica . 

0448 

. 


. 

. . 

17,920 

Phosphoric acid . 

0 172 

0-651 

trace 

. 

. . 

7,581 

Sulphuric acid . 

0*154 






Ammonia . 

• • 

i 

* 
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The extent of the resources of land in ash-const,it.uents is still further illustrated 
by the following table calculated from the results of experiments conducted by Lawes 
and Gilbert at Rothamsted, in which wheat was grown every year on the same land 
without any manure for 20 years. The land was a heavy loam, resting upon chalk. 
The average amount of produce in the neighbourhood at the time when the experi- 
ments were commenced was under 22 bushels per acre, and wheat, was grown only 
once in five years. When the experiments were commenced in 1843, the land was in 
such a condition that, according to the ordinary routine, it required to be again 
manured with farm-yard manure : for since the previous application of manure, four 
crons had been removed from it, viz. barley, peas, wheat, oats. See Lawes and 
Gilbert — 1847 — op. cit. viii. — Agricultural Chemistry — 1864 — Ibid. xxv. — Report 
of Experiments on the Growth of Wheat — 1867 — Chem. Soc. Qu. J. x. 1. — On some 
Points in the Composition of Wheat Grain ; its Products in the Mill and Bread.) 


Total ash-constituents 
Silica . 

Phosphoric acid . 

Potash 

Soda . 

Lime . 

Magnesia 
Sulphuric acid 
Chlorine 


AKh-constituents removed from land t>y wheat. 


In 20 consecutive years. 

in average annual crop. 

Total 

produce. 

Corn. 

Straw. 

Total 

produce. 

Corn. 

Straw. 

lbs. 

lbs. 

lbs. 

11*. 

lbs. 

lbs. 

2241 00 

354 00 

1887-00 

112*00 

18-00 

94*00 

1229-77 

3-54 

1226 23 

61*48 

0-18 

6130 

252-56 

17710 

7546 

12 62 

8-85 

3-77 

360*94 

106-26 

254-68 

18-04 

6 31 

12-73 

9-43 


' 9-43 

0-47 


0-47 

105-49 

1116/ 

94-33 

5-28 

0-56 

4-72 

77*40 

39-67; 

- 37-73 

3-87 

1-98 

1*89 

51-88 

, 

61-88 

259 


2 69 

3773 


37*73 

1-89 


1 89 


The soils in which the fertilising effects of tillage are most marked, are generally of 
a clayey nature, and are therefore capable of furnishing a larger supply of ash-consti- 
tuents under the influence of atmospheric decomposition. But there is another 
characteristic which such soils possess in a high degree, vi the capability of absorbing 
ammonia from the atmosphere. (See Faraday — 1826 — Quarterly Journ. of Science, 
xix. 16 et eeq.) By reason of this capability, they store up, during the period of fallow, 
the ammonia conveyed to them from the atmosphere by rain and otherwise, and thus 
provide an increased supply of this air-food to plants requiring it. (See Lawes and 
Gilbert, Op . cit. xvii. 293 et scq.) 

The hhfoiptive power of soils is not limited to ammonia, bnt extends likewise to 
most of the important ash -constituents of plant-food which are soluble in water. This 
fact wiub&tft observed by Thompson (1850, Journ. Roy. Agric. Soc. of England, 
xL 68), a»d was afterwards investigated by Way (Ibid. xi. 313.; xiii. 123). It is 
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highly probable that the condition in which substances arc thus retained by soils, so 
as to be gradually supplied to the roots of plants by the medium of carbonic acid and 
water, is of great importance in regard to the nutrition of plants, and to the relative 
fertility of land. (See Sorr.s ; Way and Vo el eke r, Op. cit. ; Liebig, The Natural 
Laws of Husbandry , p. 66 ct scq. ) 

In considering the chemical conditions which determine the relative fortuity of land, 
it will be convenient to examine, in the first place, how far this is determined by the 
ash-constituents. So far as these alone are concerned, the degree of fertility of land 
--its capability of contributing to the growth of a greater or Jess amount of produce — 
would bo, in a strictly chemical sense, proportionate to the available amount of ash- 
constituents it was capable of furnishing within the period of growth ; but the amount 
of produce would not vary in the same ratio, because the ash-constituents of land 
cannot bo useful in vegetation, except in so fur as they can co-operate with a due 
proportion of air-food. 

If the sources of air-food, available during the period of growth, were limited 
to the constant atmospheric supply, the amount, of produce would be proportionate to 
t lie capability of assimilation by the plant, under the other prevailing conditions of 
climate, season, &c. 

Hut if other sources of air- food were available within the period of growth, in addition 
to the atmospheric supply, and together with an abundant, supply of ash-constituents 
by the land, the amount of produce would bo largely augmented under conditions other- 
wise the same. 

Thus plants growing upon land affording only a scanty supply of available asli-con- 
stituents might be, on that account, incapublo of assimilating air-food to the full 
extent of the atmospheric supply, and the amount of produce in such caso would be 
small. Hy the death and decay of these plants, their ash-constituents would* be 
n stored to the land, so as to become capable of serving for a succeeding growth of 
plants, and the production of humus, at the same time, would provide in the soil itself 
a further source of air-food in addition to the atmospheric supply. Still the amount 
of produce from the succeeding growth would be small, if the available supply of ash- 
eonstituents remained as scanty as before. In this way vegetation might continue in- 
definitely without alteration, affording sustenance to numerous animals, ns in the 
steppcH of Central Asia, the prairies and pampas of America. 

Hut if a larger amount of ash-constituents became available, in the interval between 
t lie successive growths, by the decomposition of minerals in the land, the conditions 
might become such as to ensure assimilation of air-food not, only to the full extent of 
l lie atmospheric supply during the period of growth, but also from the further supply 
provided by the gradual decomposition of humus in the soil ; and in such case the 
amount of produce would be proportionally increased. 

The greater or less amount, of available ash-constituents is, therefore, not the only 
condition upon which the amount of produce or the fertility of land depends, even in 
a Htrictly chemical sense; another essential condition is the amount of air-food capable 
of being supplied from within the soil, during the period of growth. Land, however 
rich in available ash-constituents — however well adapted in all other remiecU for 
prolific vegetation, would still afford but scanty produce without an ample supply 
of air-food during the period of growth. The increased supply of air-food provided 
by the decomposition of humus in the soil may be regarded, in this respect, as tho 
accumulated atmospheric supply of several successive periods of growth ; and the capa- 
bility of land to furnish such a supply is, in a chemical sense, as much an element of 
its fertility as the available amount of ash-constituents it contains. 

The requirements of different plants for such an augmented supply of air-fowl, in 
regard to the amount of produce, differ very widely, and the capability of different 
plants to assimilate the air- food thus stored up is also very different. The adaptation 
of the capability of one plant, in this respect, to provide for the requirements of another, 
and the development with that view of particular habits and conditions of growth 
in regard to certain crops, constitute the basis of the modern system of agriculture. 

Having thus far described the general features of tho chemistry of vogetation, in its 
simplest form, they must now be considered in their relation to agriculture ; and it will 
lx* desirable first to examine the conditions affecting the supply of ash -constituents, as 
well as their influence under different circumstances. 

In the cultivation of plants as a source of food for animals, and for other purposes, 
the ash-constituents requisite for vegetation arc removed from the land in the produce ; 
and since they are not replaced in the same manner as the atmospheric supply of Hir- 
food, the successive growth of a particular plant, year after year, would in process of 
time so far exhaust the land of available ash-constituents, as to render it incapable of 
suppor ting further growth, or of yielding such an amount of produce as would bft 
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worth the trouble and cost of cultivation. Hence arises the necessity of periodic^, 
Zturning to land under cultivation the ash-constituente thus withdrawn from i[ 
Hence the practice, intuitively adopted in the rudest state of agriculture, of applying 
to land the excreta of animals fed upon its produce and the decaying refuse of the 
plants grown upon it. Such a system of cultivation would be sufficient to prevent any 
decrease in the annual produce of the land , inasmuch as the materials applied to it as 
manure, would restore whatever had been removed in the plants serving as food for 


animals, or for other purposes, and thus render the land capable of continuing— with 
the aid of the atmospheric sources of plant-food— to support vegetation. (See Kirwan, 


Op. cit. p. 160.) 

If there were absolutely no export of produce, in such a case the restoration of the 
ash-constituents would be complete, and the capability of production would continue 
undiminished, so far as relates to the ash-constituents only. It would, in feet, 
increase year by year, so far as ash-constituents were concerned; for the available 
amount of them would be gradually increased by tillage, and by the consequent decom- 
position of minerals in the land. The improvement of the land by tillage is doubtless 
referable in some dogree to such an unlocking of its natural resources, and the increase 
of what may bo regarded as its floating capital in ash-constituents. 

Where the population of a country is small and thinly distributed, and where land 
is of little value, as in many remote and uncivilised localities, all requirements may be 
fulfilled by such a system of relying upon the natural produce, without the need of any 
effort to increase it. But, even in such circumstances, it is seldom that the natural con- 
ditions of fertility are relied upon exclusively, or that the means adopted for maintain- 
ing the amount of produce are limited to the internal economy of the farm. Whatever 
fertilising materials can bo obtained from external sources, at a cost commensurate 
with their capability of augmenting the produce, are generally employed as manure even 
in the rudest practice of agricultura Guano has long been used for that purpose by 
the natives of South America (Humboldt, Fourcroy, and Vauquelin, 1803, Ann. 
Chtrn. lvi. 258-268). Fish, seaweed, &o., have been used from time immemorial as 
manure by the peasantry of seaboard districts ; and wood-ashes, soot, &<?., have been 
applied to the same purpose inland. Most of these materials would add to the amount 
of available ash-constituents in the land, and would in so far increase its capability 


of production. 

Where, on tho contrary, the population of a country was chiefly concentrated in cen- 
tres, and a portion of the corn grown was annually removed from the land for the supply 
of food to towns at a distance, or under circumstances not admitting of tho correspond- 
ing excreta being returned to the land as manure, the soil would be gradually 
deprived of ash-constituents, in a degree proportionate to the export of food. The in- 
ternal economy of the farm would then no longer ensure tho full restoration to the land 
of all the ash-constituents of its produce; it would no longer ensure the maintenance of 
the degree of fertility obtaining before the export of the produce commenced, or the 
capability of production corresponding to the amount of ash-constituents originally con- 
tained in the land. On the contrary, as the yearly export continued, and the abstrac- 
tion of ash-constituente from the land progressed, the quantitative relation between 
them and the atmospheric conditions of vegetation at any place would be progressively 
changed ; for while the atmospheric supply of air-food remained constant, the quantity 
of ash-constituents in the soil would diminish from year to year, until, eventually, 
vegetation might be no longer possible, in consequence of the deficiency of one of its 
essential conditions. #* 

Even before that time, a point would bu beached when the amount of produce would 
bo no longer limited by the supply of air-food available from the atmosphere within 
the period of growth ; when, on the contrary, the assimilation of air-food would be 
limited by the available amount of ash-constituents in the land, and when the amount 
of produce would be so small as not to be worth cultivation. 

This exhaustion- of land, or reduction of the degree of fertility* by the growth of 
successive corn-crops, and by the export of the produce, without any supply of manure 
from extraneous sources, would take place sooner or later, according to the nature of 
the land and the extent, of its natural resources ; sooner in the sandy or chalky soils, 


known as light land, than in the loamy or clay soils, known as heavy land. So far as 
the ash-constituents were concerned, the exhaustion of land might be retarded, under 
such circumstances, or the capability of production revived, by allowing it to remain at 
intervals without growing a crop on it for one or more year s a practice adopted under 
the name of bare- fallow. (See Kirwan, Op. cit. p. 160.) 

During the interval of rest, a fresh supply of available ash constituents would be 
provided fbr a future crop of corn by the decomposition of minerals in the land, thus 
compensating, either wholly or in part, for the abstraction resulting from export 
of produce. The amount of produce obtained, when a corn crop was grown, might in 
this way remain constant, or suffer Jbut inappreciable diminution during long periods, 
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•specially mthe case of nch soil*. The rate at which the re.tor.twn of ih. i»Uo- tMw. 

3? b t tween . the “PPUes of available aah-conetitueut* tomtuSolS* 
.ir-foodftom theatmocphere-took place, would depend upon the natureof StXduid 
determine the interval to elapse between the grow* oftwoe^. 

The earne result might be attained by a rotation of crops, or the alternate growth of 
different plants, occupying different ranges in the soil during their growth, enquiring 
different ash-constituents, such as corn and grass, or potatoes; so tWt, to’dSw 
case the ash-constituents contained in the land might be distributed among the dif- 
ferent plants, and thus rendered available durmg a longer period. If the crops grown 
in the intervals between the corn-crops were consumed on the farm in feeding rattle 
ttay would • contribute to the production of manure ; and, even if some of the cuttle 
wore exported, the greater part of the ash-constituents of the fallow-crops on which they 
ha* been fed, would remain upon the farm, and be returned to the laud in the manure. 
However, the ultimate result of exhaustion would still be the same ; and it has been 
long regarded as an established fact, that “ the export of grain from a countiy, unless 
some articles capable of becoming manure are introduced in compensation, must ulti- 
mately tend to exhaust the soil. Some of the spots now desert sands in Northern 
Africa and Asia Minor were anciently fertile. Sicily was the granary of Italy; and the 
quantity of corn earned off from it by the Homans is probably the chief cause of its 
present sterility. In this island our commercial system at present has the effect of 
affording substances which in their use and decomposition must enrich the land " 
(T)»vy, Op. tit. viii. 78.-- See Kirwan, Op. tit. p. 160.— Liebig, iXnltituna in di« 
Naturgtictze des Fddbaues, pp. 106-109.) 9 

bor the successful practice of agriculture, therefore, it is as necessary to maintain 
fertility as it is to obtain a sufficient amount of produce. Land from which corn is 
exerted requires, in most cases, a constant supply of manure from extraneous sources 
capable of replacing the ash-constituents which may have been rendered deficient in 
amount. 

. An ideu may be formed of the extent of the exhaustion of hind from which coni 
is exported, by assuming that, in the countries which are the chiof sources of corn 
the amount of produce is at the rate of 16 bushels per acre, and that a corn-crop is 
grown every other year. The quantity of ash-constituents removed from the land per 
acre m the crop, would be about as shown the following table - 


Ask-constitiunU of Wheat, Barley , Oats. 


Total produce. 

Com. 

Straw. 

Amount of produce per acre 
; Total ash-constituents 

Phosphoric acid . 

Comprising- , • ; 

° Lime and magnesia 
vSilica 

2260 lbs. 

92 

11 

14 

8 

61 

16 bushels 
16 lbs. 

8 

4 

2 

0 

1333 lbs. 
77 

3 

10 

6 

61 


The greater part of these beinj* contained in the straw, would be ret urned to the land 
in the farmyard manure ; and if the whole of the corn were exported, without any 
supply of ash-constituents from without, there would bo a permanent abstraction of 
them at the rate of 4 lbs. phosphoric acid and 2 lbs. of potash annually per acre. These 
l>eing the substances which are least abundant in land, it is necessary that they should 
be restored again in some way. 

But in order merely to maintain the degree of fertility, the supply from without doss 
not require to be equal to the quantity removed in the exported produce ; for land 
always possesses, in addition to its immediately available resources in ash-const ituents, 
other resources which are latent — resources from which fr<*sh supplies of them are only 
gradually developed, and rendered available by the operations of tillage in the manner 
already described. (See ante, p. 831, and Soils.) 

Consequently, the exhaustion of soils, in regard to ash-constituents, though con- 
ceivable under such circumstances as those above referred to, is almost inconceivable, 
even in regard to ordinary land, under circumstances admitting of a proper supply of 
manure from extraneous sources, in addition to that produced upon the farm. 

So far as the ash 'constituents of land determine its share in the general condition* 
of fertility, it may be regarded as practically inexhaustible under any system of agri- 
cultural practice considered to be good merely from an empirical point of view, and 
having no higher recommendation than success. 

The fertilising influence of manure is not, however, limited to the restoration o £ 
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' ash-constituents to land. It is also due to its capability of furaisiiog , ^ , . 

B ir-food to Mure crops, during their period of growth, than they could obtain 
fyomthe atmosphere. This is one of the chief advan tages resuming from rotation J 
the growth of fallow-crops for feeding cattle. The advantage of bare-fallow is also, to 
some extent, due to the accumulation of air-food in the soil, m virtue of its absorptive 
power. (See ante, p. 831 , and Soils.) 

Since the available ash-constituents of land can be effective in determining an in- 
creased amount of produce, only in so far as they can co-operate with a proportionate 
supply of air-food, during the period of growth, it is evident that the supply of this con- 
dition of fertility, by manure, must be of especial importance when it is necessary to 
obtain a large amount of produce. 

The total resources of the generality of land in ash-constituents, preponderate so 
largely over the constant chemical conditions of fertility at any time available in the 
atmosphere, within the period of growth of ordinary crops — the latent resources oft ho 
land so easily admit of the liberation, from time to time, of fresh supplies of ash-con- 
stituents by the operations of tillage, that, under a good syatem of farming, the 
probability is rather in favour of the ash-constituents available at any particular time, 
being in excess of the supply of air-food directly available from atmospheric sources 
within the period of growth, and of that provided by manuro resulting from the in- 
ternal economy of the farm. 

In some cases, the gradual unlocking of the latent resources of the soil by tillage, 
&c. may far exceed the yearly abstraction of ash-constituonts. This chemical con- 
dition of fertility in land may increase from year to year, and, instead of retaining a 
constant proportion to the supplies of air-food from the atmosphere and from manure, 
it may preponderate over them ; so that the amount of produce of the land in corn, might 
be increased, if the other chemical conditions of fertility were accessible in the same 
proportion within the period of growth. But though tillage, in such a case, would 
increase the fertility of the land, so far as the ash-constituonts were concerned, it. 
would not be attended with an increase in the amount of produce, unless it were accom- 
panied by an incroasod supply of air-food during that period of the rotation when the 
crop, for which the liberated ash-constituents wore most required, was growing. 

The extent to which the accumulation of available ash-constituents in relative excess, 
may take place, is well illustrated by the experiments made at Rothamsted, on the 
growth of wheat, upon land which had been reduced to such a condition, in the ordinary 
routine, as to yield only half the average amount of produce in wheat. By the lists of 
manure containing only the ash-constituents of wheat, on a plot of this land, the 
amount of produce obtained in 1844 was not greater than on the unmanured land. In 
the following year, the application of 336 lbs. per acre of mixed ammoniacal sulphate 
and chloride was attended with an increased amount of produce, amounting to double 
that obtained in the previous year from the unmanured laud, or from that supplied 
with ash- constituents only. By continuing to grow who&t upon this plot of land for 
nineteen consecutive years with ammonia-salts only as manuro meanwhile, the amount 
of produce obtained in each year continued to exceed that from the unmanured land; 
and the average amount of produce thus obtained, during the whole period, was only 
one-fourtli less than it was in the first year, notwithstanding tho very exceptional and 
continued drain on tho ash-constituents of the land. (See Lawes and Gilbert — 
1847-64. Op. cit. viii. 226 xxv.) 

I I Amount Of Produce per Acre. II Ash in Produce per Acre. I 


1844 ! 

< 

[Unmanurcd 
j Ash-constitucnts 

1846 ! 

i 

[Unmanured 
[ Ammonia-salts . 

Average of l 
19 years, 
1846— 1863 J 

^Unmanured 

1 Ammonia-salts . 

Total in ] 
19 years, 
1845— 1883 J 

[Unmanured 
^Ammonia-salts . 


164 1,031 

24 1 1,676 



Corn. 

Straw. 

Total. 

Iba. 

Iba. 

Iba. 

16 

63 

79 

17 

63 

70 

23 

162 

176 

30 

202 

232 

18 

96 

114 

26 

128 

163 

338 

1,824 

2,162 

466 

2,440 

2,906 
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In these malts the influence of season in favouring or impeding the growth of wheat, 
wu* manifested by a certain variation in the amount and quality of produce under con- 
ditions otherwise similar ; but this was not sufficient to obscure the differences referable 
to other causes. 

The quantity of ash-constituents removed from the land during this period, without 
any such return as would have been made in ordinary practice, by the supply of farm, 
yard manure, affords still further evidence of the immense resources of the land in this 
particular, additional to that already referred to in the case of the unmanured land. 
(See ant*) p. 831.) 

Moreover, the absence of any increase in the amount of produce obtained in 1844 by 
applying to the exhausted land manure consisting only of osh-constituentB of wheat, 
and the increase in the amount of produce obtained in the following year by using only 
ammonia, as compared with that on the unmauurod land in 1845, are together most 
conclusive proof that, although in 1844 the chemical conditions of fertility were collec- 
tively insufficient for the growth of a full crop of wheat, still there was no deficiency 
in that element of those conditions which appertains exclusively to tho soil —vis., the 
available amount of aah-constitucnts. Those results also prove, on the contrary, that 
in 1844 the available amount of ash -constituents in the unmanured land was far in 
excess of the other chemical conditions requisite for the growth of whoat — vis., the 
amount of air-food supplied, by the atmosphere and by the soil, during the period of 
growth. Consequently, the system of cultivation under which the land haabecomo 
exhausted in regard to this crop, had admitted of a large accumulation of surplus ash-' 
constituents, which would have remained useless in the land without a corresponding 
supply of air-food during the period of growth. The exhaustion consisted in the 
relative deficiency of air-food capable of being supplied from within the soil ; and, 
therefore, increase in the amount of produce could only be effected by an artificial supply 
of air-food, additional to that furnished by the manure of the farm. 

The practice of agriculture in many localities does not require that tho amount of 
produce obtained should bo very largo : the only thing necessary, in many instances, is 
to maintain the degree of fertility, and the natural amount of produce is quite suf- 
ficient to be remunerative, as in those countries which are the chief sources of the 
supply of com. In such cases, the manure produced by the internal economy of the 
farm may suffice to provide an udoquato supply of air-food from within the soil. 

In countries, however, where the population is dense, and land is of high value, agri- 
culture assumes a very different character. Its object then is not merely to maintain 
a certain degree of fertility, but to produce, year by year, in the most profitable 
manner, and on a given area of laud, tno largest possible quantity of the materials of 
food for man and animals ; to increase, by artificial means, tho amount of produco upon 
an area incapable of yielding as much under natural conditions. (See Liebig — 1843 — 
Chemistry in its Ajyplicationa to Agriculture and Physiology , 3rd edit. p. 112 ; 
Laves and Gilbert — 1847 — Journal of the Royal Agricultural Society of England , 
viii. 227, xii., xvi. &c.) 

Hence arose the idea of employing artificial manures — of augmenting artificially the 
chemical conditions of fertility. For the practice of agriculture under these circum- 
stances, so utterly distinct from those of agriculture conducted only with a view to the 
produce of natural vegetation, the problem to be solved by the chemist for the guidance 
of the farmer is, what substances to supply as plant-food from extraneous sources, in 
order to obtain, year by year, a remunerative produce. 

The question is mainly one as to manure : its solution, howevor, involves tho con- 
sideration of conditions and reqirements other than those obtained in natural vegetation, 
not differing in kind, but quantitatively different. Still, the knowledge of the general 
phenomena of plant-nutrition must be the guide in the endeavour to solve this problem. 
Since it is established that the various materials of plant-food must bear a certain 
proportion to each other in order to be in the highest degree effective, and since the 
amount of produce is known to be limited by the quantity of that food-material which 
is present in least available amount, relatively to the requirements of any particular crop, 
the desideratum, in regard to the artificial means of increasing the amount of produce, 
is to ascertain what food-material becomes deficient, relatively to others, under the 
circu mstan ces attending the growth of that crop. The deficiency may lie in the source of 
carbon or of nitrogen, in the supply of water or of available ash-constituents, or of some 
oneof them ; but whichever it be, the amountof produce will be limited by the deficiency. 

The deter mina tion of that point will indicate, therefore, what food-material it is most 
necessary to supply artificially, in order to render effective In the highest degree those 
food-materials which are available in greatest abundance, relatively to the requirements 
of the crop in question. The food-materials least available abundantly in the same 
relation would be, in that particular case, the manure to be supplied artificially In* 
order to obtain an increased produce. This is the fundamental principle of “ high 
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farming/' which really consists in augmenting the acreage-produce— obtaining, year by 
year, crops larger than could be obtained under natural conditions — by rendering more 
effective the existing natural conditions of fertility. 

This object may be attained in part by the right selection of artificial manure, so as 
to accumulate on the farm the materials of plant-food which are naturally most 
deficient, in regard to the whole of the crops grown in a series of years; and by 
adapting the method of cultivation so as to store up, during part of the rotation, the 
materials of plant-food which are relatively most deficient as regards a particular crop, 
grown at intervals, and to make that accumulation serviceable for increasing the 
amount of produce of that crop. 

It is not by substituting for the manure produced by the internal economy of too 
farm, some one or other of its constituents, that this object is to be attained ; but by 
supplementing it with what is most wanting, either naturally, or as the consequence 
of tnat branch of industry which is the business of the farmer — the manufacture of f<5ed. 

Practically there is a limit to the increase of produce, besides that natural limitation 
which is due to climate and to season ; it is the necessity that the degree of fertility 
produced and maintained should be remunerative. This purely commercial necessity 
introduces into the subject an important complication, involving the consideration of a 
number of circumstances which cannot be entered upon here, but which will readily 
suggest themselves to the reader. 

In order to obtain such an amount of produce in corn as to be remunerative in tin's 
case, it is necessary to supply during the period of growth a larger quantity of nitrogenous 
air-food than would be furnished during that period by the atmosphere alone, or pro- 
vided, in addition to that, by the internal economy of the farm, when no other crop but 
meadow-grass was grown besides corn. 

This might be effected by the use of ammonia-saltB as manure; but this source of 
ammonia is too limited to be alone sufficient in agriculture. Recourse is therefore 
had to the accumulation of ammonia from the atmosphere, by the growth of plants 
which possess the capability, under certain conditions, of appropriating nitrogen from 
that source, to a much larger extent than either wheat, barley, or oats, and which can be 
employed as food for cattle so as to produce meat — a marketable commodity equivalent 
to com — and, at the same time, a larger supply of manure than could bo obtained 
if the land remained in bare fallow, or were converted at intervals into meadow-land. 

The manure so produced by the internal economy of the farm would contain the greater 
part of the nitrogen collected from the atmosphere by the crop intervening between the 
corn-crops, and used in feeding cattle, and would serve during the growth of corn to 
furnish the augmented supply of nitrogenous air-food necessary for obtaining a large 
crop of corn. * 

The plants which are cultivated mainly with this object may be represented by the 
turnip, since it presents a striking contrast to corn-crops, in regard to the conditions 
most favourable to increase in the amount of produce, as well as in regard to its capa- 
bilities and requirements, though it is inferior to leguminous plants in the power of 
assimilating nitrogen from the atmosphere. 

The amount of produce obtained under the system of agriculture generally practised 
in this country is considerably higher with regard to all crops than it is in many other 
countries ; and though there is a difference in this respect as to particular localities, the 
accompanying table may be taken to represent a fair average statement of the quan- 
tities of the several constituents of the different crops grown alternately in what is 
termed a “four-course rotation," when a^crop of turnips, beans, or clover intervenes 
between two crops of corn. 

The growth of the turnip as an agricultural crop, so as to obtain a large amount of 
produce, is far more liable to be influenced by differences of season than is the case 
with wheat. In the absence of rain, at a particular stage of growth, the greater 
number of the plants may die, and the acreage-produce become very small ; but if the 
conditions of season be favourable, the amount of produce obtained may be as high as 
20 or 30 tons per acre. 

It has been supposed that the influence exercised by the cultivation of the turnip as 
a fallow-crop, in restoring and augmenting the fertility of land, and in conducing to the 
increase of the wheat-crop, was referable to its comparatively greater capability of 
appropriating, by means of its large leaf-surface, the atmospheric supply of air-food, 
during its period of growth, and to its requiring but a very small supply of food- 
matenals the sou. (See Davy, Op. tit. viii. 76, 77.) 

That this is not the case, is evident from the amount of ash -constituents contained 
in the turnip, as shown in thefoabtc i JjMd- referred to ; and it is rendered still further 
apparent by the following . TjfflWii viSfe^mentg by Lawes and Gilbert (p. 840), 
showing the amount of growing turnips for three years consecutively 

on the same plot of land Tfrijjput manure. 
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Composition of the Acrtagt Produos of Differmt Crops. 


Corn Crops. 


Crop . 

Amount of produce 


. Wheat. 

. 90 bush. 


lbs. lbs. lbs. 
Grain or bulb 1,800 2,080 1,672 

Straw or leaf 3,000 2,600 2,500 

J A Q ft A a KOn 


Dry crop 


A «h -con- 
stituents 


Nitrogen 


Total produce | 4,800 | 4,580 


Grain or bulb 1,530 1,716 1,438 

Straw or leaf 2,620 2,176 2,076 


Total produce | 4,050 | 3,891 | 3,513 


Grain or bulb 
Straw or leaf 


Total produce 182 I 171 


Grain or bulb 
Straw or leaf 


[Total produce 

Grain or bulb 
Phofl- Straw or leaf 
plioric ' 

Total produce 



144 

42 

369 

91 

186 

460 


10 

13 

“1 

7 


Potash - 

r Grain or bulb 
Straw or leaf 

9 

20 

11 

19 

8 

23 

60 

29 


1 Total produce 

29 

■ 

31 

89 


Magnesia 




Straw or leaf 8 

Total produce 9 

' Grain or bulb 3 

Straw or leaf 3 

Total produce 6 

[ Grain or bulb 1 

| Straw or leaf 101 

I Total produce 102 


The immediate object of the cultivation of the turnip being the production of food 
for cattle, it is not required to reach maturity, as is the case with wheat; and it is 
desirable to obtain the utmost possible development of the flcBby root, so as to afford 
a food-material containing both nitrogenous and non-nitrogonous substances in fitting 
proportion for that purpose. During the early stage of growth, the young leaves of 
the tnrnip are liable to be attacked by insects, and it is therefore necessary to forward 
their development aa rapidly as possible until the giants become sufficiently strong to 
resist this destructive influence. The number ^f^lai^p.ger acre is therefore an im- 
portant indication of the efficacy of the manure* f . 

The land selected for the experiments was A loam, not of the best 

c h a ra c t e r for the growth of turnips ; and three Cme— whflj£ clover, and wheat— had 
Vol.HL ZR * , 
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been crown upon it since it was manured. The variety of turnip grown was that 
known as Norfolk white. To ascertain the capability of appropriating the atmospheric 
food, and the relation which the turnip bore to the soil which was exhausted for wheat, 
a plot was left each year unmanured. On this plot the amount of produce was very 
small even in the first year, and in the third year the bulbs did not weigh more than 
two ounces each; so that in regard to the growth of the turnip, the resources of the 
soil are soon exhausted, and some supply of manure is evidently requisite for the 
growth of the turnip as a fallow-crop. (Bee Lawes and Gilbert 1847 Op. at. 

***** ^ ^ Effect of various Manures on Growth of Turnips. 
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Qu*n title* of Manure per acre. 


Unmsnured .... 

12 tons farmyard manure 
£6 lbs . ammonia-sulphate 
728 lbs. rape-cake 
504 lt>». auperphoaphate . 

280 lbs. auperphosphate, 420 lbs ) 
*- rape-cake . . • J 

Mixed phosphates, 561 lb«. 

Unmanured 

12 tons farmyard manure 
Superphosphate, 560 tbs. . 
Superphosphate, 446lbs., rape. cake, » 
448 lbs., ammonia, 15 lbs. . f 
Mixed phosphates, 448 lbs. 

Unmanured .... 

( A - 1.120 ll> *- rape-cake 
,b< - amm.-sulph. 
dressing } A and B , n j Xe d 

12 tons farmyard manure 

( A. 1.120 lbs. rape-cake 

top- i B 33ri lb8 ftrnnB ._»ulph. 

dressing } A and B mlxed 

8 uperpho*phatc. 1,232 lbs. 

,,, i A. 1,120 lbs. rape- cake 

lop- t B ;i3 g | 1|g ainm .gulj,h. 
dressing \ A jmd ,j mlxed 

Mixed phosphates . 

» A. 1,120 lbs. rape-cake 
l op- ) 3 33 G lbs. amm.-sulph. 
dressing J A , md B mixeU 


Number 
of plant, 
per acie- 

Average 
weight 
of buJb- 
lb*. 

Amount of 1 
produce. 

Dry tubetan 

«. j 

Fre*t» 

bulb. 

lb*. 

Fre.h 

leaf. 

lb* 

AnpnifU 
in bilb. 
I>er cent. 

NKrofen 
,)*r cent 

Aib. | 
per <Vht. 

17,940 

0-52 

9,382 




i 

15,571 

136 

21,233 




1 

14,996 

1-03 

15 509 

•g OP 



j 

17,043 

l 08 

18,461 

% 0 




18,446 

1-47 

27,280 

O „ 




16,096 

1-69 

27,153 

£ 2 




19,642 

1-36 

26,600 

A 




13,736 

0-36 

4,956 

C ** 




20,09'i 

1 19 

24,108 





21,205 

0 81 

17,332 

ll 




10,320 

1-29 

13,328 

2 £ 




18,624 

0‘68 

12,712 

04 » 




13,296 

o-n 

1 .536 

1,600 


3-31 

4-22 

24,944 

0-67 

lb, 81 6 

10,832 

8-68 

217 


15,456 

0 07 

1.032 

744 

8 71. 

2*98 


24,160 

0 60 

12,800 

10,752 

8-29 

2-53 


23,731 

1 61 

38,170 

16,550 

7*83 

1-56 

3-24 





7*92 



23,104 

145 

33,472 

23,392 

7*30 

2*54 






8-86 



24,352 

1 17 

28,432 

9.856 

8*24 

1-58 

6-99 

23,544 

133 

31.416 

13,440 

7 83 

1-89 

7*21 

23,424 

1 06 

24,736 

15.744 

7-36 

2-89 

8-24 

23,936 

1 17 

28,088 

14,416 

7-38 

2 44 

8-08 

24,448 

1*16 

28.288 

7.568 

7'95 


6-99 

23,404 

113 

31,216 

12.576 

8-36 


7-21 

■24,4 48 

118 

28.77H 

13,600 

7-42 


8-24 

23,392 

1 25 

29,322 

15,206 

7-77 
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With farmyard manure, which may be considered as supplying all the constituents 
of a large crop of turnips, the number of plants in each year represents the influence 
of season during the early stage of the growth ; Hnd the uverage weights of the bulbs 
represent the influence of season during the stage of bulb-formation. 

Amraoniacal salts operated in most instances prejudicially during the earlier stage of 
growth, especially when placed near the seed ; when used with farmyard or other 
carbonaceous manure, the development of- bulb was in some instances considerable, 
and the development of leaf was much increased ; but the amount of dry substance in 
these bulbs was generally less than ^.others, and the amount of nitrogen in the 
substance was greater — just the opposite^ of what happens in the growth of wheat. 

With a considerable supply of ammonia, the vigorous growth of the plants was 
accompanied by a less rapid advance towards maturity in the bulb, and a condition 
less favourable for providing a supply of root-food than for the production of seed by 
further growth. In this respect the influence of artificial supply of ammonia upon 
the amount of produce of the turnip-root and of wheat, presents a striking contrast ; 
and it is evident that in the cultivation of the turnip for feeding purposes, and as a 
fallow-crop for obtaining a supply of manure, it is capable of appropriating nitrogen 
from the atmospheric supply during its period of growth, or from within the soil, to 
such an extent as not to require any considerable supply artificially by means of manure. 

The influence of soluble phosphates in promoting the early growth of the plants » 
well indicated in each year by the number of plants, both when used alone and with 
other manures ; but it is only during that stage of the growth that they contribute to 
increase the amount of produce in bulbs, as will be seen by the small average weight 
of the bulbs grown with phosphates only supplied as manure. 

In the plots supplied with manure capable of furnishing a considerable amount of 
carbonaceous air- food, the development of the bulbs, indicated bj their average weigh** 
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was much more considerable than in any other case, except where soluble phosphate 
- was need in the first year, and where the exceptional result was probably referable to 
carbonaceous substances in the soil. The influence of a supply of air-food from within 
the soil, upon the development of bulb, iB still more strikingly illustrated by the con- 
trast between the second and third year’s results. Though with soluble phosphates 
alone or with other manure, the number of plants was always considerably greater than 
in their Absence, the average weight of bulbs was very era ul l ; while on the plots where 
- -hates were used together with a carbonaceous manure, tho avorage weight of the 
indicates a much larger bulb-development. That, together with a greater number 
of plants, gave consequently the largest amount of produce. 

The necessity for the presence of carbonaceous substances capable of supplying food- 
material from within the soil, is rendered more strikingly evident by the results of the 
second year; for although the season was, on tho whole, mom favourable than that of 
the preceding year, and. though the number of plants was greater, the amount of 
produce was generally less, in consequence of the slower rate of growth and bulb-forma- 
tion. In the third year, also, the deficient bulb-development within the period of 
growth, ou those plots where phosphates alone were used, as compared with the result* 
obtained where carbonaceous manures were also supplied, shows tho inijxu-tanoeaf pro- 
viding that source of plant-food in order to insure rapid growth, and to obtain, marge 
amount of produce. 

The influence exercised upon the composition of tho bulb by the ratio existing 
between the supply of carbonaceous and nitrogenous air-food from within tho soil, is 
well indicated by the differences in the amount of nitrogen in the dry substance of 
the turnips grown with farmyard manure and rape-cake alone, and with addition of 
ammonia, and in those grown without manure and with top-dressings containing 
different proportions of carbon- and nitrogen-yielding materials. 

Carbonuceous manures, however, are serviceable only in the later stage of growth by 
affording a supply of food-material for the development of bulk ; and in the earlier 
stage of growth they may even be prejudicial if placed near the seed, as indicated by 
the smaller number of plants in the first two years when these manures were drilled with 
the seed. They should, therefore, be placed so as to be only within roach of the young 
plant when it has developed its accumulative organs under the influence of the 
phosphate, which should bo placed as near as possible to tho seed. The advantage 
of doing so is illustrated by the greater number of plants in the third year, when these 
manures were applied as a top-dressing to the land. 

Comparing these results with tho quantity of phosphoric acid contained in the turnip, 
it will be seen that tho influence of phosphates on tho growth of this plant cannot 
altogether be referred to the mere supply of material serving for tho production of 
plant-substance by becoming a constituent of it. Though the amount of phosphoric 
acid in tho turnip-crop is not larger than that in tho wheat- crop, a direct supply of 
soluble phosphate appears, from very general csxperience, to bo much more influent ial 
in regard to tho development of the turnip than in the growth of wheat. Hence it is 
scarcely possible to avoid the conclusion that it oxereiRPH somo important and essential 
function in that particular mode of development requisite in the cultivation of tho 
turnip as a fallow- and feeding-crop, other than that which is represented by the amount 
of phosphoric acid contained in the plants. 

in these experiments the supply of potash as a constituent of manure was not 
found to exercise any favourable influence, either upon tho mode of development of 
the turnip-plant, or upon the amount of produce; nor was it to bo expected that this 
land, which was capable of growing wheat without manure for several consecutive 
years, should bo at all deficient in supply of potash for the growth of a turnip-crop, 
although the quantity of potash required by it is so much larger than that noedod for 
wheat. 

The quantity of potash removed from the land in the turnip-crop does not cause 
exhaustion of the ash-constituents to any sensible extent ; for, excepting a small portion 
exported in the moat produced by the use of the turnip in feeding live-stock, they are 

X in returned to the land in the manure; and if artificial phosphate-manures be em- 
yed in the cultivation of turnips, the abstraction of this constituent from the hual 
t>y the export of corn will be to a great extent compensated, if not covered. 

The facte already described will serve to show that the cultivation of the turnip is 
a part of the economy of the farm, by means of which nitrogen is stored up as part 
of the floating capital of the land, and, after having served intermediate purposes, 
is made to contribute to the important result of increasing the amount of produce 
in corn. It is by this means that concentration of the atmospheric supply of nitro- 
genous plant-food is effected, so as to furnish the corn-crops, during their period of 
growth, with twice as much as they could otherwise obtain directly from that source 
by their own unaided capability of appropriation. 

3 h 2 
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Though the turnip has here been referred to as a plant presenting, in the am*. 
Stances of its cultivation, a strong contrast to corn-crops, it is chiefly by the growth ot 
leguminous crops — such as clover, beans, and tai'ea — that nitrogen is directly appropriated 
from the atmosphere. In the cultivation of the turnip as a fallow-crop an artificial 
supply of nitrogen over and above that provided by the form manure is not generally 
requisite ; but it draws largely upon the supplies of nitrogen from within the soil; and 
in this respect it tends to render an artificial supply of nitrogenous manure more 
necessary for the succeeding corn-crop (Lawes ana Gilbert, Op. cit. xviii. 454; 
Joum. Chem. Soc. [2] i. 100 ). Leguminous crops, on the contrary, appear to render 
land richer in nitrogenous supply, and thus to augment its capability of yielding large 
crops of corn. The influence of clover in this respect has long been known. (8eo 
Kir wan, Op. cit., p. 166.) 

In the cultivation of land under such circumstances, supposing the amount of pro- 
duce sold during 4 years to be 30 bushels wheat, 35 bushels barley, and the live-weight 
produced from 10 tons turnips and 5,000 lbs. clover-hay, or 1,600 lbs. beans, without 
imported food, the quantity of ash-constituents removed from the land would be, at the 
t^tmost* as shown in the following table: — 

• H- 

Quantities of Ash-constituents per Acre abstracted from Land , in Produce sold off the 
Farm during Four Years. 


Amount of produce. 

1st Year. 

2nd Year. 

3rd Year. 

4th Year. 



Live- 

Weight 

from 

Turnip*. 

10 tons. 

Barley. 

35 bushels. 

Live-we 

Clover-hay 

5,000 lbs. 

ight from 

or Beans. 

1,500 lbs 

Wheat. 

30 bushels. 

Are 

Quantity 

in Four 
Yean. 

rage 

per Acre, 

per 

Annum. 

Fresh produce . 

1 

22,400 

1,820 

5,000 

1,500 

1,800 



Dry produce . 

2,464 

1,529 

4,200 

1,260 

1,530 



Nitrogen . 


30 



32 



Total ash 

2.46 

40-5 

313 

1*58 

31 

76 

19 

Phosphoric acid 

098 

134 

' 105 

0-63 

15 

30 

75 

Potash . 


■ 975 

016 

009 

9 

19 

4 8 

Silica 


1 1*4 

i 



0-6 

12 

3 


It now only remains to consider the means of maintaining the supply of carbon- 
aceous material requisite as one of the conditions of the production of the full amount of 
produce in turnips. In the feeding of animals there is a loss of carbon, due to respi- 
ration, amounting to nearly one-half of that contained in the food. It is therefore 
neoessaiy to increase as far as possible the quantity of manure produced by the internal 
economy of the farm, by the use of imported food-materials in feeding cattle. This is at 
once a profitable mode of converting those materials into a more valuable commodity, 
and of obtaining a larger quantity of manure for the cultivation of crops ; thus main- 
taining, or even increasing, the fertility of the land, by bringing upon the farm ash- 
constituents — which compensate for the export of corn — and materials containing nitro- 
gen and carbon in a form capable of becorfiyjg available in the cultivation of crops as 
supplies of air-food, auxiliary to those furflished by the atmosphere and by the farm- 
yard manure resulting from the crops grown. 

Oh a farm cultivated under such a system, the exhaustion of the land is altogether 
precluded ; and although the existing system of disposing of town- refuse involves a 
total loss of the phosphates and potash contained in the exported produce, it is probable 
that, as regards the extent of land at present under cultivation, there may be sufficient 
available sources of those substances in the mineral kingdom, to counterbabtadl such a 
loss for a long time to come. Still, the disposition of town-refuse in such a maim er as 
to be available in fertilising land, and to be useful rather than a source of il\jtuy and 
annoyance, is a requirement which is every day more urgently demanding attention. 

Having thus considered the nature of the differences obtaining, on the one hand, 
between spontaneous vegetation altogether unaided by art, and natural vegetation 
assisted by tillage — on the other, between agriculture conducted only with a view to 
obtaining the natural amount of produce, and agriculture involving an increased produce 
by artificial means, it is now necessary to consider what applications have been mad* 
of tile general knowledge of the chemistry of vegetation, or of the views which have 
been entertained with regard to it. 
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Lifct ig» » applying to agriculture the theory of plant-nutrition which he eon. 
strutted from the materials furnished by Saussure, Davy, Sprengel, and Boue* 
aingauit, adopted the fundamental proposition, that plant-food consist* solely of 
carbonic acid, water, ammonia, and the ash-constituents. In endeavouring to ascertain 
the causes of the efficacy of mauure ; the mode in which it acts ; the circumstances 
upon which different methods of culture depend ; and to establish rules for a rational 
system of agriculture,— he addressed himself first to the questions, “What docs the 
6oil contain ? What do the materials called manure contain?” an questions whoso 
determination constituted the starting-point, of rational agriculture ( Chemistry, &<>., 1st 
edit. p. 139). In this enquiry his attention was mainly directed to the ash-constituents 
of plants, and to the comparison of these with the constituents of soils and of manure. 
Observing that hII cultivated plants contained potash, phosphoric acid, and other ash- 
congjtituents ; that the presence of these substances was constant in particular plant*, 
and parts of plants ; that every productive soil contained the same substances ; that 
the repeated successive growth of a particular crop on the same land rendered it less 
capable of producing that crop until an interval of some years had been allowed to 
elapse without growing it, — he came to the conclusion, that the capability of land tflt' 
produce crops, was due to the presence in it of the ash-const ituents of plants j\hat the 
assimilation of carbon and nitrogen was dependent upon the presence of the ash -con- 
st ituents in the soil, and limited by the available amount of them : consequently, that 
the amount, of produce was proportionate to the available amount of ash-constituent* 
in the soil (Op. cit. 3rd edit. pp. 113-123). From the same data he concluded that 
the decrease of produce observed when a particular crop is raised year after year on 
the same land, was due to the abstraction of ash-constituents from the soil. (Op, cit. 
pp. 118, 164.) 

Observing, further, that animal excreta and the plant-remains in farmyard manure 
contained the same ash-constituents as the plants which had been consumed as food ; 
that this manure exercised a fertilising influence upon land naturally unproductive, or 
exhausted by the cultivation of crops, — he concluded that t bo efficacy of this manure, 
which might be regarded as the ashes of the food burnt in the bodies of animals, was 
due to the ash-constituents it contained ; that its peculiar action consisted in and whs 
limited to the supply or restoration of the ash-constituents, which the land was either 
destitute of or had been deprived of by previous crops. {Op. cit. pp. 176-187 ; Address 
to the Agriculturists of Great Britain , pp. 7-12.) 

From the well-known facts that tin* produce of land could be increased by manure, 
and that in many cases the crop is dir^tly proportionate to tlm quantity of manure 
used, he concluded that this effect was referable to the amount of ash-constituents 
supplied to the land ; that if the supply of those constituents wore greater than the 
quantity taken away in the previous crop, the amount of produce would be increased ; 
that if the supply of them were less than that, the produce would be reduced ; and 
that if it were just equal to the quantity removed, the produce would remain constant, 

( Address , pp. 7-12.) 

Adopting these conclusions as axioms to be observed in practical agriculture, Liebig 
also taught that the production of the organic constituents of plants from carbonic 
acid, water, and ammonia was determined by the presence of the ash-constituents pro- 
per to the plants cultivated ( Chemistry^ &c., pp. 196, 204); that its extent was limited 
by the available amount of them in the soil {Op. cit. p. 203); that the efficacy of 
humus in augmenting the amount of produce, by furnishing a supply of carbonic acid 
additional to that afforded by the atmosphere, was subject to the same limitation 
(Op. cit. p. 197) ; that the amount of produce was so entirely independent the arti- 
ficial supply of ammonia, that if only the ashes of solid and liquid excreta were supplied 
as manure, the crops cultivated would derive their carbon and nitrogen from the atmo- 
sphere ( Op. cit. pp. 181, 203-204) ; that the ammonia of the atmosphere, exceeding the 
requirements of wild plants, was fully sufficient for all the objects of agriculture, even 
for that most important one, the production of nitrogenous constituents of plants to 
serve as ipod for man and animals. (Op. cit. pp. M, 211.) 

The production of these substances was represented by Liebig as depending upon 
the presence, in the soil, of phosphates, which enabled plants to derive the requisite 
nitrogen from the atmosphere— a source where the abstraction of that element was 
spontaneously compensated by the ammonia resulting from the decay of animals and 
plants, and perhaps from other sources (Op. cit. pp. 147, 212). He also insisted that it 
was of the greatest importance for agriculture, to know with certainty that the arti- 
ficial supply of ammonia was unnecessary and superfluous for the growth of most 
cultivated plan ts, and that the value of manure could not be estimated, according to 
the rule recognised in France and Germany, by the amount of nitrogenous substances 
it contained. (Opi pit. p. 213.) ... , 

To give still g rfit t e f prominence to his opuuon as to the superfluity of nitrogenous 
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manure, Liebig instanced the large quantity of nitrogenous substances produced-^ 

hay, milk , and flesh — on grass-land without any supply of nitrogenous manure, and 
contrasted that fact with the smaller produce of nitrogenous constituents produced, 
within the same period— as corn and roots — on land to which nitrogen had been sup-' 
plied 'as manure in greater quantity than was contained in the produce. He also 
referred to the export from Egypt of ammonia, obtained by burning animal excreta ; to 
the proverbial fertility of that country, where only the ashes of excreta, and the Nile 
mud, containing little nitrogen, had been used as manure for ages ; to the export ol 
cheese from Holland and Switzerland, — as rendering it perfectly certain that the pro- 
dution of nitrogenous constituents of plants was not proportionate to the quantity of 
nitrogen supplied to the laud in the manure : that the export of nitrogenous produce 
^ was not exhaustive ; because it was not the soil, but the atmosphere, which yielded 
^nitrogen to plants : that, it was impossible to augment the produce of land by the 
Supply of highly nitrogenous manure, or of ammonia-salts alone; but that, on the 
contrary, the capability of land to produce crops increased or diminished in direct pro- 
portion to the ash-constituents supplied to it in the manure. (Op. cit. pp. 210, 211.) 

'■ The logical consequence of the opinions thus formed, was to regard the ash-con- 
Jrfitituents as the essentially, if not the only, effective portion of manure (op. cit. p. 202). 
Tfc was insisted upon as a point of especial importance for the practical farmer not to 
deceive himself concerning the cause of the efficacy of manures (Op. cit. p. 187). In 
this respect, the ash-constituents were compared by Liebig to the quinine of cinchona- 
bark, the iodine of burnt, sponge, or the active principles of opium (Op. cit. p. 187). 
Consequently, the ash-constituents of manure were the materials which, according to 
his view, it was essential for the farmer to supply to land artificially, in order to increase 
the amount of produce. (Op. cit. p. 203, 211.) 

The fundamental principle of rational culture, according to that view, was the perfect 
restoration of the ash-constituents removed from the land; and whether that restitution 
were made by applying excreta, or ashes, or bones, was regarded as a matter of 
indifference (Op. cit. p. 187). The particular kind of ash-constituents to be used as 
manure, was to depend upon the kind of produce required ; alkalis for the production 
of substances analagous to starch ; phosphates for the production of nitrogenous sub- 
stances (Op. cit. pp. 193, 142, 144, 148). By the exact determination of the amount 
of ash in cultivated plants, and by the analysis of the ashes, the quantities of these 
substances removed from land by crops was to be ascertained. Tims the farmer was 
to be enabled to keep a debtor and creditor account, for each of his fields, of the several 
ash-constituents removed from the land, year by year ; and to determine, according to 
the kind and quantity of the crops raised upon it, what substances and what quantities 
of them were to be returned to the land, in order to restore its original condition of 
fertility, or to be able to express exactly how many pounds of one or other constituent 
was to be supplied to the land in order to augment the amount of produce. ( Op. cit. 
pp. 213, 214.) 

Extending this view of tho chemistry of plant-nutrition to the explanation of the various 
operations of the farm, the practices of rotation, fallow, &c., Liebig, still concentrating 
his attention upon that particular aspect of the chemistry of agriculture in which tho ash- 
.* j|Wa8tituents of plants, soils, and manure an- concerned, ascribed the influence of fallow in 
Irtrtjdering land again capable of supporting the growth of com, solely to the liberation of 
the ash-constitucnts requisite for that crop, by the decomposition of alkaline silicates in the 
lattd during tho interval of fallow (Op. cit pp. 118, 130-133). The similar influence 
. -pt burnt lime and burnt clay on some sojjts, was ascribed to the same cause (p. 136). 

^^M^fepregent ed the advantages of rotatiofch-pf crops as being, to some extent, due to 
j .wE** production of humus in the soil, but chiefly to tile unequal requirements of 
|tufferent alternating crops for particular ash-constituents, and to the consequent 
Emulation, during the greater part of the period of rotation, of those ash-constituents 
cent in least available amount in the soil, and requisite for the growth of one crop 
( larger amount than for the growth of the intervening crops. (Op. cit. pp. 150-161, 
169, 172 ; Berzelius — 1344— Jahrcsbcricht, xxiv. 333.) 

This theory of the chemistry of agriculture was applied by Liebig in the production 
of artificial manure ; and a patent was obtained by M us pratt for the method of manu- 
facture, as a communication from Liebig (Improvements in the Manufacture of Manure, 
1845, Specification No. 10,616). These artificial manures were intended tosupply to 
the land exactly what was wanting for the growth of any particular crop, and thus to 
effect an economy which would be impossible while manure, was applied indiscrimi- 
nately— the useful and the unnecessary constituents together. But the chief advantages 
which these artificial manures were to secure, were to render the rotation of crops and 
following unnecessary and superfluous, and to admit of one and the same land ol 
crop being grown, year after year, upon the same field — of a perennial wheat-crop 
witnout the necessity either of fallow or of a rotation of crops, which was regarded by 
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Liebig as a restriction excluding all that science might be able to teach ( Principles, 
p. 47). These manures, which were intended to effect such an entire revolution in 
agricultural practice, consisted chiefly of compounds of potassium-carbonate, with cab 
Sum-carbonate or phosphate, potassium-silicate, gypsum, bone-earth, and salt, and 
about 4 per cent, ammonio-magnesian phosphate, equivalent to rather less than 0-25 
per cent, ammonia in the manures. The following table contains analyses of these 
manures, as manufactured by Messrs. Pfeiffer, Schwttrzenberg, & Co. in Cassol (Pabst 

1849 — IjandtDirthschqfllu'he Erfahrungm von Ilohenheim, p. 13). For the sake of 

comparison, the calculated composition of the manures, according to the directions of 
the specification, is added : — 


Composition o f Liebig's Artificial Manures. 




f 

For Ceieal*. 

For 1.4‘nuinfoou* 
Crop*. 

For Hoot- Crops. 

For Timer- 
Crop*. 



Calculated 


Calru1»te<l 



CaW-uUited. 


^Ammonia 


0 28 

. . 

0*24 



0-40 


Potash . 

9 30 

40*32 

11*38 

26-28 

14 

60 

1910 

15 8ia 

Soda 

1000 

4-72 

13*70 

13 20 

4 

02 

16*73 

3*33 

Lime 

2P20 

9*16 

25-23 

16-20 

32 

20 

20 05 

26.15 

Magnesia 

3 75 

0 64 

V67 

0 04 

1 

55 

1 06 

2*92 

' Ferric oxide . 

6 06 


1*48 


1 

36 


6*35 

Phosphoric acid 

6-60 

6*00 

150 

9 76 

2 

37 

14 20 

0 22 

tSulpliuric acid . 

10 08 

3-72 

| 917 

3 72 

0 

70 

3 00 

9*67 

Chlorine . 

1*04 


110 

2 40 

1 

68 


114 

Carbonic acid . 

9 82 

7*56 

14*33 

1648 

26 

20 

■ 21*60 

19*47 

Insoluble in HC1 

24*30 


lj 18 39 


! 

08 


1840 

Silica 


26*00 

. . 

8*32 

I 


1 


Water 


3*00 


2 90 


i 

1 4 60 



100*04 

100*00 

98*01 

100*00 

9876 



100 00 

| 99*12 


The proper composition of manures for other plants, was to be ascertained by burning 
the plants, and analysing the ashes, and then combining the manure according to the 
analysis (“Specif.” p. 4, line 27). In the Address to Agriculturists, explaining the 
principles of artificial manuring, Liebig stated his view that “ the exhaustion of the 
soil by subsequent crops— its decrease in fertility — is produced by the gradual removal 
of the mineral elements, in a soluble state, which are necessary for the development of 
our cultivated plants. Ilya supply of manure they are again restored to the state 
suited to serve as nourishment to a new vegetation. If the supply of the ramovtd 
elements of the soil, by means of manure, be sufficient, if the quantity taken away be 
restored, the original fertility reappears ; if the supply be greater, the produce increases; 
a defective supply gives a smaller produce” (p. 12); or, in other words, the amount of 
produce was directly proportionate to the available quantity of asb-conetituenU^pr 
mineral substances which, “as such, are indestructible by fire, ami consequently re nWtfp 
as ashes after the incineration of the plants, or of their parts.” (p. 8.) ' 

Consequently, the agriculturist was to confine himself to supplying these substance* * 
to bis land, and giving it the proper physical condition, ho ah to render possible, 
increase, the assimilation of carbonic acid and ammonia from tin* atmosphere. - 
This theory of agriculture, or of manures -known as tin* mineral th 
received with enthusiasm in England and America, and the estimation in wl^ick 
held is well represented by the following comments, nublished short ly after the JVfP> 
duction of the new manures: — “ Since the organic food -materials are untVersally wpjjpM 
to plants in constant amount, the great difference of vegetation cannot be sought in 
them, and, consequently, must be due to the inorganic constituents ; so that, in putting 
farm - manu re upon land, it would lx* essentially quite the same if it were first burnt, 
and only the ashes strewed upon the land, since its efficacy can only 1* due to its i ash- 
constituents. It is easy to perceive that this principle, applied to agriculture, suddenly 
sheds § new light upon all phenomena whose, explanation lias hitherto been Houglit for 
in rain. Now, it is easy to conceive why irrigated meadow-laml can yield annually 
great quantities of hay without manure when the necessary quantities of salts are 
conreycd to it in the w*Ur. It become* clear how the Peruvian i* able to obtam 
luxuriant crop* of maire upon the most arid sand-drift*, if only a tiny nil from the 
snow peaks of the Andes conveys to them the requisite soluble earths. Hundreds of 
similar phenomena are elucidated by this ingenious idea of Liebig's; but hundreds 
of new ideas are also suggested fruitful in development and improvement for that 
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simplification and security of agriculture which will be the inheritance of posterity ; and 
we begin to find it natural that in England— where, according to the standard hitherto 
known, agriculture standr*so high— Liebig should be celebrated as thedounder of & 
rational system, in opposition to the previous purely empirical one ; and that he Bhould 
be overwhelmed with laudatory demonstrations and marks of honour, in such a way 
as scarcely any one, and certainly no foreigner, has ,ever experienced there.”— 
Schleiden, The 'Plant, pp. 173-174. 

Under the auspices of the Royal Agricultural Society of England, an elaborate in- 
vestigation of plant-ashes was undertaken by Way and Ogston, with the view of 
obtaj|i^ig data for the preparation of artificial manures according to Lie big’s mineral 
§0? agriculture ( Joum . Roy. Agric. Soc.). 

^experience did not realise the expectations which had been entertained as to the 
o bo obtained by the use of manure prepared according to the principles of 
pieral theory.” Among other places, the wheat-manure waB tried at Kothanftted, 
^following results were obtained. (See Lawes and Gilbert, op. cit. viii. xxv.) 
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Dressed 
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Total 
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Total 
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1843-44 

bushels. 


lbs. 

lbs. 

lbs. 

3 

Unmanured . . . 

15 

58-5 

923 

1,120 

2,043 

2 

Farmyard manure, 14 tons 

204 

59-3 

1,276 

1,476 

2,752 

4 

Ashes of ditto „ ... 

i4 

68*0 

888 

1,104 

1,992 

10 

Superphosphate, 660 lbs.; potash-silicate, 

1 54 




220 lbs 

620 

1,008 

1,112 

2,120 

17 

Mixed phosphates, amm.-sulph., 65 lbs. 

19 

62-3 

1,240 

1,422 

2,662 

19 

„ „ „ „ 81 lbs. . 

24* 

61-8 

1,580 

1,772 

3,352 


1844-45 






3 

Unmanured ...... 

23 

5G5 

1,441 

2,712 

4,153 

2 

Farm-yard manure, 14 tons . 

32 

568 

1,967 

3,916 

6,882 

6 

Superphosphate, 112 lbs.; ammonia- sulph., 
1124bs. ; rape-cake, 560 lbs, . 
Amm.-sulph. and chloride, 336 lbs. . 

28} 

57-8 

1,871 

3,644 

5,616 

10 

32 

563 

1,980 

4,266 

6,246 


1845-46 






3 

Unmanured 

18 

63*8 

1,207 

1,613 

2,720 

2 

Farmyard manure, 14 tons 
\ Liebig’s manure, 448 lbs. .... 
j „ „ f , amm.-salts, 224 lbs. 

27 

63*0 

1,826 

2,454 

1,676 

4,280 

6 

20* 

63*7 

1,400 

3,076 

29f 

63*5 

1,967 

2,571 

4,638 


( », »i „ rape-cake, 448 ,, 

22} 

630 

1,534 

1,968 

3,602 

7 

j „ „ „ amm.-8alts, 224 „ 

\ Sc rape-cake, 448 „ 

3 !} 

63-4 

2,163 

3,007 

5,170 

10 

< Ammonia-sulphate, 224 lbs. 

274 

636 

1,850 

2,244 

4,094 

} Unmanured ...... 

17* 

63*8 

1,216 

1,465 

2,671 



the amount of produce obtained by the use of farmyard manure, with 
4ned where only the ash of an equal quantity of the same manure was used, 
|ent that the use of this manure effects something more than the mere restore- 
onstituents to the land : and this result alone is sufficient to show the 
‘ mineral theory of ugricultqjfe.” 

sufity been shown that the landrthough exhausted in regard to the growth 
fender the oixlinary system of’ cultivation, was still rich in available ash- 
jkits (see ante, p. 837): consequently, the application of these only as manure, 
E- attends$J. with any increase of produce over that obtained without any manure, 
l^rhich may be regarded as the measure of the extent to which the natural supply of 
^wt-food by the atmosphere and soil was available for the growth of wheat. But, 
‘"’‘wherever ammonia* was supplied as manure, the produce was always much increased, 
even in those exceptional instances where it was used alone. These results, then, are 
in direct opposition to Liebig’s mineral theory of agriculture. 

In the case of wheat, the capability of production does not increase or diminish in 
exact proportion to the ash-constituents supplied to land in manure, but thejtmmint 
of produce is proportionate to the supply of nitrogen in the manure ; the capafmty of 
production may be increased by manure rich in nitrogen, and even by auunonia-siilts 
alone. (See Chatterley — 1843 — Phil. Mag. xxii. 470 : Report of qpme experiments 
with saline manures, containing nitrogen.) ^ " 

It is, therefore, the relative deficiency of the supply of nitrogenous food ^hich must 
be regarded as constituting the principal feature or that exhaustion of land, in regard 
to the growth of wheat, which takes place in the ordinary routine of agricultural practice. 
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Similar experiments to those above described have Wn made on the light land of 
Koifolk and in Kent, and the same general results have been arrived at f8ee Law** 
and Gilbert, Op. cit . xvi. 207. xxiii. 31.) 

These facts at once furnish a clue to the function of farmyard manure in the growth 
of wheat, over and above the mere restitution of ash -constituents, and they illustrate 
the importance of the accumulation of available nitrogen upon the farm by the cultiva- 
tion of fallow-crops. Moreover, they are conclusive proof that, so far as relates to 
increase of produce in wheat, the value of this manure is more essentially dependent 
upon the supply of nitrogenous material which it provides, than upon the restoration 

of ash-constituents removed by former crops ; though this latter is a necessary t 

of the maintenance of fertility in regard to long periods of time, and one whid 
obtains under a good system of farming. 

The striking contrast presented by wheat and turnips in regard to amount^! 
when grown year after year on the same land without, immure, clearly indioi 
in the cultivation of the turnip, by which the exhaustion of land, by previous! 
compensated for in ordinary pract ice, a supply of air-food from within the soil rt 
bo provided by manure. Though the produce of wheat — allowing for the 
season — was tolerably constant during twenty consecutive years, the produce of tittl 
was reduced in three years to almost nothing. Consequently, the capability of^. w 
plant to appropriate the food-materials furnished by the atmosphore during its period of 
growth, is not so great as has been supposed, and is, indeed, 'inferior to that of wheat. 

The different value of manure in regard to these crops respectively, is also shown by 
the results obtained with phosphates, with ammonia-salts, and with farmyard manure. 
Superphosphates applied to wheat nfforded no increase in the amount of produce 
over that obtained without manure ; but with turnips it always increased the amount of 
products especially when there was an abundant supply of carbonaceous air-food pro- 
vided, in addition to that furnished by the atmosphere within the period of growth. 
Ammonia-salts applied to turnips, either with or without other ingredients of munure, 
and with abundant supplies of ash-constituents in the land, did not increase the 
produce, or promote a favourable modo of growth ; but with wheat, under the same 
conditions, they often doubled the amount of produce Farmyard manure — containing 
both phosphates and ammonia, or its equivalent, together with a large amount of carlion- 
aceous material — applied to wheat did not increase the amount of produce more than 
50 per cent, over that obtained without manure; but with turnips its use was 
attended with large incroaso in the average weight of the bulbs ; and when soluble 
phosphates were also used, there was a very considerable increase in tho amount of 
produce per acre. The difference in these casos is chiefly referable to difference in the 
requirements of these plants as they are cultivated; a comparatively more abundant 
supply of carbonaceous food and of phosphates being necessary for the turnip, while 
wheat requires a comparatively more abundant supply of nitrogenous food. 

The amount of produce obtained with Liebig’s wheat-manure, in the third year, 
was littlo above that obtained without any manure, and much less than that obtained 
with farm-yard manure; but when ammonia-salts were used with Liebig’s manure* 
the amount of produce was increased nearly in proportion to the amount of nifrcH 
genous material supplied either as ammonia-salts or rape-cake. ^ 

Experiments made before 1845 by Liobig himself, with these manures comjjstin 
only of ash-constituents, did not furnish any indications of their efficacy; and 
quent trials upon poor uncultivated land at Giessen, tho effect produced whew ij 
were used alone was very slight, compared with that where forest-earth or stable 
were used (Liebig, Principle#, pp. 40-45). By cultivation, the fertility’ of { 
gradually increased ; but as no data have been given as to the composition of 1 
the amount of produce, &c., by which an opinion could be formed as to whH$ fftgj 
latent resources of the land — how much of the result may 1x3 duo to tfie influri r _ __ 
tillage, or to the manure produced as the result of cultivation only, and how little of.| 
that result may be due to the supply of ash-constituents to the land in the first year— * 
it is impossible to regard the results of these experiments as constituting any exception 
to the observations made elsewhere as to the effect of manure consisting wholly of ash- 
constituents of plants. 

Tho failure of Liebig’s wheat-manure, and the inefficacy of the ash of farm-yard 
manure have heen ascribed to their deficient solubility. (8ee Liebig, FAnleituruj in 
die Naf&kgeeetxe de» fFddbaues , pp. 70 et seq. ; International Exhibition, 1862, Reports fjy 
the 161.) This opinion may be urged as an excuse in those instances, but it 

has no to the other instances in which the constituents of the wheat- 

tnaaufh sna;' of t3h ashes were used in a very soluble condition, and were nevertheless 
«-onaUy inefficient in augmenting the produce beyond that obtained without manure. 
The stoto exhaustion: could not, therefore, consist in deficiency of ash-constituents; 
and the results obtained by the use of ammonia, even alone, or with those manures^ 




*48 




clearly prove tflafc the relative deficiency of 


^ within the period of 
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growth, was the main feature of the exhaustion, tne determining cause of the' '2 n 
amount of produce on the unmanured land, and of the kefficacyof the soluble ash!^ 
stituents if not also of the farmyard manure ma^QfLiebig f a maDure. 

These results, therefore, show that all hopeof obtaining annual crops of com, or of 
increasing the amount of produce of crops genemlfi$fm fans of manures consisting only 
of the ash-constituents of the plants grown , lpp^ jj^t^efa tirely abandoned ; and that, as 
regards agricultural practice , precisely the opgtM^kcourse must be adopted, of supplying 
air-food by artificial means , in order to rendef the available resources of the land fully 
effective. The artificial supply of nitrogenous air-food is the only means by which a 
full agricultural crop of corn can be obtained year after year from ordinary land. But 
jrince the sources of ammonia-salts at present available are inadequate for that pur- 
pose, it is evident that a rotation of crops is an indispensable feature of a system of 
where the production of corn is the chief object, and where it is necessary 
ter obtain a large amount of produce. The increased supply of nitrogen stored up from 
atmospheric sqparces by the cultivation of fallow-crops, and made available by cattle- 
feeding for the production of corn, must at the same time be supplemented by the 
purchase, from extraneous sources, of nitrogenous manures, and cattle- food^as far as may 
be practicable and profitable in particular instances. In the case of land rich in ash- 
constituents, the artificial supply of nitrogenous manure may be, to some extent, substi- 
tuted for rotation, and cattle-feeding, so as to obtain larger and more frequent corn-crops. 

It appear^, therefore, that instead of reforming agriculture by his manures, Liebig 
caused them to demonstrate the incorrectness of his mineral theory of agriculture ; 
and the failure of those manures, from the application of which farmers had been 
induced to anticipate such wonderful results, naturally produced a revulsion of opinion 
which was sometimes expressed in a manner not altogether free from exaggerated 
opposition to the views put forward by Liebig. Thus the President of the Royal 
Agricultural Society of England, after remarking, in his annual address, that “ the 
mineral theory, hastily adopted by Lie big, had broken down ; and that the doctrine, of 
the increase or diminution of crops being exactly proportionate to the increase or dimi- 
nution in the quantity of ash-constituents supplied to them in manure, had received its 
death-blow from the experiments at Rothiimatod,” went on to state, that of the active 
principles of manure, ammonia was specially suited for corn, -phosphates for turnips. 
(Pusey — 1850 — Jour. Roy. Agtic. Soc. xxii. 383-392.) 

This expression of opinion by a practical farmer must bo regarded as applying 
chiefly*to the artificial supplies of manure required for different cultivated plants, and 
not by any means indicative of the idea that, in regard to the nutrition of plants con- 
sidered apart from agriculture, any one or other constituent of plant-food possessed a 
special value independent of others. The erroneous estimate Liebig has formed of 
the opinions held m this country respecting manure, has no other basis than the sup- 
position that such an idea has been entertained, or else the want of a due comprehension 
of the farmer’s strictly technical view of this subject being limited to the consideration 
of materials to be provided over and above those supplies which are furnished by 
ordinary practice, either from extraneous sources or by modifications of that practice. 
That erroneous estimate has also given rise to much of the controversial opposition 
, whicMiiebig has manifested towards the conclusions arrived at by the researches of 
L&W-da and Gilbert, though virtually adopting those conclusions, and materially 
modifying his own views in accordance with them. It has also led him to imagine that 
doctrine of plant- nutrition has been called in question. But that is not the 
OAg#*, nor has this general doctrine ever b&en disputed, except in so far as relates to that 
, .^Xtfceme form of it, adopted by Liebig, {recording to which carbonic acid, water, and 
IMftjpOttia are held to be the only sources of the organic constituents of plants. 
(Shugsure — 1841 — “Sur la Nutrition dea V6g6taux.” — Bibl. univ. xxxvi. 340.— 
Berzelius — 1842 — Jahrcshericht, xxii. 220. — M u Ider, op.cit. — Mo hi, op. tit. p. 78.) 

* The originality of that extreme view, was, indeed, disputed by Dum as, by whom it was 
also put forward about the same time. (Dumas — 1841 — “ Sur Ie Role que joue l'air 
atraospherique dans la nature, et sur Taction qu’il exerce sur tous les ewe* organises.** 
Rw. stient. indust. vi. 228, and On-mica! and Physiological Balance of Organic Nature.) 
Berzelius, in criticising that doctrine, remarked that, while it waa s 
by any experimental evidence, it rias *o opposed to general agmqjfc] fc» 

that it could uot even be regarded asprobable ; though it manifested nttH i* 1 ’ 

spiration, and had been propounded with the art peculiar to D u« 
by soundness of argument, to overcome the doubts of those aoqu 
than to impress others, leas cognisant of it, by striking manners 
the most efficient means of making precipitate scientific conclui _ . . 

{Jahrcshericht, xxii. 220). In reference to Li e big's views on thscfavml^^Q|||ricaL 
ture, he also remarked that the mode in which he had sought to deej^s qttestions of t he 
highest importance for that art, had met with greater recognition, as being perfectly 
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trustworthy, than wan consistent with the state of knowledge at that time. Of 
Roussinganlt'Oti the contrary, who had followed " the difficult and laborious course 
of deciding every question by experiment,” he remarked, that " his answers, though 
not so rapid, were mostly trustworthy.” ' (Jahrtsberickt, xxS. 236, 238.) 

The difference thus early recognised byBerselius between Liebig’s mineral theory 
of agriculture, and Boussingaultte views on the same subject, has been fully con- 
firmed by the results of experience^ r J^e former may be looked upon as a thing of the 
past, the error of which has been denajMfcatcd by the entire failure of the attempts to 
carry into practice its fundamental principle as to fertility and manure. The latter,, 
though modified in some particulars by their development, and by the program of re- 
search, have been found in the main correct, and are supported by the extended restilts 
obtained by La we s and Gilbert* in the series of experiments they have conducted 
upon a working scale, during the last twenty years, with a strict regard to actual 
prifctice in the field, and in the laboratory, with all the refinement of modern tmnod* 
of research. 

The difference between Liebig’s doctrine and the conclusions arrive^ at by Lawes 
and Gilbert, as the result of their experimental researches, does not relate to th© * 
abstract thedfcy of plant- nutrition ; but it relates solely to the ordinary system of 
agricultural practice, and chiefly to that branch of the “ mineral theory ” of agriculture 
propounded by Liebig, which comprises the principles of manuring. Liebig ascribed 
fertility and the efficacy of manure, solely to the amount of available ash-constituents 
in land, and the advantages of rotation, mainly to the unequal requirements of 
different plants for those substances. 

Lawos and Gilbert, on the contrary, have shown that fertility is not proportionate to 
the amount of available ash-constituents in land ; that the efficacy of manure is not 
proportionate to the amount of ash-constituents it contains ; that the exhaustion of 
land, in the ordinary practice of agriculture, consists chiefly in ft deficiency of nitro- 
genous food-materiul j that the advantage of rotation consists more in the accumulation 
of nitrogenous and carbonaceous food-materials in the farmyard manure, than in the 
difference between the ash-constituents taken from land by corn and fallow-crops; and 
that the requirements of cultivated plants cannot be measured merely by the results of 
their analyses. , , 

The sterling value of the results thus obtained is not overrated by the opinion ex- 
pressed in the annual address of the President of the Koyal Agricultural Socioty of 
England, that- “ during the last twenty-five years, there lias not been any addition 
made to our knowledge, which approaches, in importance, to the insight into the true 
principles of cropping and manuring, obtained on the experimental farm ftt 
Kotlmmsted ” (Thompson — 1801 -.Journ. Hoy. Agric. Soc. xxv. 4.) 

The particular conclusions and general views which have been arrived at by theso 
researches have been vehemently disputed by Liebig, who has sought to maintain 
that they are at once totally erroneous, and perfectly confirmatory of his "mineral 
theory of agriculture.” (Liebig — 1851 — letters on Ch^mifliry, 3rd edit. ; 1856 —PriH- 
cip/cs of Agric. Chemistry ; 1863— Natural, Laws of Husbandry, Finlcitung , &©.— 
Hofmann, Op. cit. p. 160.) !r 

This parmloxical position has been arrived at by a singular process. 

It is contended that the "mineral theory” of agriculture comprised ammonjgMnd it# 
salts, among the mineral substances which were considered to determine tho fertility or 
land and the efficacy of manure, and which it was, consequently, necessary -to rwurnj or 
supply to laud, in order to maintain or increase fertility. (Liebig 18oO iTttWqpgl. 
of Agric. Chemistry . p. 90.) ... t 

This claim, however, is quite inconsistent witli Liebig » original exposition Of Wi 
views, and with the pointed antithesis constantly maintained in all his flings, fedweon » 
c food of plants, carbonic arid, water, and ammonia, whether 


the atmospheric food of plants, — , 

directly by the atmosphere, or indirectly from within the soil ; and those 
derived exclusively from the soil, which "are mineral substances, and us such 
indestructible by fire, and, consequently, remain as ashes after the incineration of the 
plants, or of *heir parts.” It is also inconsistent with the general niferpr,Ution of 

*• “ * y “ ' tr other writers on the subject. (Sea Hornford—lHiG -GeWM 

— Farmers Magazine.— ochultse— 1848, 
-i/owr. Hoy. Agric. Soc. fyng. t 


theory ” by c 

I. — Wciesenbor.n - 

Rmort 1849.— Johnston— -1848- - 

TlVaMdn AnundmtvU, pp:423. 623, 024. 627, 632._Bou»- 
momie Kuralr, ii. Sl.-AWA Uritwh Aijrmdtvrul, Nov. 7, MM.) 
that, in the specification of the patent which was the embodi- 
nK,ral theory ” in relation to practical agriculture, neither ammonia 
[uded* among the mineral substances mentioned in the recipes and. 

* The quantity of ammonia. a mount log to tan than CK^ner 
ma£ae»t*«ipbo«|)luUe to the manure, t« 01 courae consuieted tf aoliwptwfcatu. 
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directions given by Him for tne preparation of manures (see p. 845), In the “ Address ” 
also, though ammom was stated to have been added to the manure in the first year, still 
the prospect of beif^ able to exclude it altogether was spoken of as probable ; and in 
the third edition of the Letters on Chemistry ; 1851, (p. 502), a whole letter was devoted 
to the argument, that anuartiflcial supply of nitrogen was quite a matter of indifference 
(p. 515) ; for though such a supply would. exercise a favourable effect on vegetation, still, 
if it were not given, all the requisite nitrogen would be obtained from the atmosphere! 
(p. 618. See also Allgemeine Zntunq — 1857 — No. 157.) 

In the criticism of Lawes’ and Gilbert’ s experiments and conclusions, Liebig 
has assumed that they have regarded certain substances as having a specific value as 
materials of plant-food in an abstract point of view ; but this assumption is unfounded. 
Their experiments have only led them to consider that in a practical point of view, 
<fcnd in relation to the existing practice of agriculture, in this country especially, thoso 
materials of plant-food acquire a preponderating value us manure, which, like ammonia 
in the case of corn, become relatively deficient ; or which are capable of determining a 
particular mode of growth, like phosphoric acid in the case of root-crops ; that they aro 
the materials to be supplied artificially, not with the object of wasting the available 
resources of land, but in order to prevent, these from lying idle. 

Herein lies a difference which Liebig has either failed to perceive, or studiously 
disregarded ; and it is a difference of the highest importance. The practical farmer 
accepts, in its full significance, the abstract theory of plant-nutrition, so far as it 
concerns hitft : he also looks for its application to the art in which he is engaged, and 
for rules by which his practice may be improved. There is probably no art in which 
suggestions for improvement have been more eagerly accepted during the past twenty 
or tjhfcrty years than in agriculture; but when sueh suggestions are tested and found 
wanting, *tho practical nature of agriculture demands their abandonment. 

So it has proved with Liebig’s application of his theory of plant-nutrition to agri- 
culture. Looking only to the ash-constituents of plants, of soils, and of manure, he 
has laid down rules for agricultural practice — he has prescribed manures, and written 
elabogpte expositions of the various operations of culture, which in every single instance 
tik JHWto bear the tost of experience. 

Bui whaife the enquiry into this subject has been conducted in a more catholic spirit, 
and by a method at once more philosophical and more directly relating to the ruling 
condS^Dtl^of practical agriculture, as in the experiments of Boussingault, and of 
La w&ilmd Gilbert, the results obtained are calculated to afford materials for a legiti- 
mate iadiu&ibn, by which principles of real value in relation to the practice of the art 
may be arrived at. 

The customary routine of agricultural practice, however defective it may be in par- 
ticular cases, has become established by observation and experience, and by the exercise 
of the same mental functions which are employed in scientific research. Though their 
exorcise may be limited by the practical object in view, there can be no doubt that, 
in reality, agricultural customs represent natural facts to a greater extent than science 
is yet competent to explain. To those who do not, like Liebig, consider the farmer to 
be destitute of ail understanding,” the prejudices characteristic even of the rudest 
practice will, therefore, appear as the exponents of those peculiarities of climate, soil, 
and other circumstances, which lie at the root of the practice adopted. However vague 
and unintelligible such prejudices and empirical rules may appear, it is from the con- 
sideration of them, that a clue may be obtained to the scientific elucidation and 
improvement of agriculture. The science^which is to be cf value in agriculture, and 
whose value will be recognised by farmci^must grow out of the practice of the art. 
and the patient examination of its various details, and not be a mere speculative 
grafting upon it. The accumulated data of ordinary experience must furnish the basis 
for its construction, and its doctrines must rest upon evidence of reality, not upon mem 
probability. It may be a slow growth, but it must be a sure one. 

Meanwhile; it. is no reproach to the fanner if he adheres to the system which he 
knows by experience to have brought him certain results, or that he refuses to adopt 
another system until he has sufficient proof of its being more advantageous than that 
with which he is familiar. This natural conservative tendency has been strengthened 
by tiie failures attending the premature application of scientific doctrines. This is 
really the reason why farmers are in many cases averse to the adoption of improve- 
ments suggested by science. It is not because they are “ destitute of all understanding,” 
or because they pretend to deny the existence of any connection; befj^tMuentific 
doctrines and the phenomena concerned in agriculture, but because it # ^11 fipsetion* 
able whether those doctrines really furnish the means of improvement v For this 
reason they prefer to be guided by tradition and experience, rather than by untriedpre- 
cepts of scientific speculation. If there be an established and invariable connection be- 
twaen the nr&ctice of rotation with cattle -feeding, and the profitable result of fanning-— 
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between the uee of superphosphates and the production of a Urge root-crop— between 
the use of nitrogenous manure and the increase of corn-crops— those practices will 
continue to be adopted, and they will constitute the scientific practice of agriculture, 
quite independent of the questions whether superphosphate or ammoniahave any 
special value as materials of plant-food, or what becomes oC those portions of them 
which are supplied as manure and are not obtained in the crop. These are abstract 
scientific questions of high interest for the chemist, and of possible importance to the 
future of agriculture ; but they do not concern the farmer, whose business is to produce 
food with such means as are at his disposal. It would be a very illogical conclusion 
that the facts observed as to the influence of artificial supplies of ammonia and super- 
phosphates upon the growth of corn- and root-crops should be disregarded because 
science is unable to explain the precise functions of those substances in vegetation ; 
and it is equally irrational to denounce, as a folly and an error, the application of those 
fadfe so far as present knowledge will admit. B. H. P. 

MAHA8MOL1TB. Syn. with Blbndb. (See Zinc, Sitlphidb or.) 

See Limestone (p. 697). — Church (Chem. Soc. J. xvii. 379) has 
lately examined the colouring matter of the Blue Forest Marble, and has shown that 
tho colouring material of the dark bauds which oecupy the central portion of the various- 
sized slabs into which the stone has naturally divided, consists of iron pyrites, while 
the paler yellow, brown, or buff tint of the outer parts of the siabB is due to ferric oxide 
resulting from the oxidation of tho pyrites. It appears probable that the colouring of 
other blue and grey clays, rocks, and Boils may also be due to the presence of iron 
pyrites; and hence, perhaps, may be explained the ii\jurious influence which these blue 
and grey matters exert on vegetation. 

aKAJtCikSXTS. White iron pyrites. (See Ibon, Sulphides of, p. 402.) ><( 

KABCfllZV. A name applied to an impure variety of braunite (manganicoxide) ; 

also used as a synonym of rhodonite (silicate of manganese). 

XASCTLZTfl, A mineral having the aspect of tonorite cupric oxide), from the 

southern part of Bo<l Hiver, in tho neighbourhood of Mount Witchita. llnrdn**&j*e 8, 

Specific gravity * 40 to 4*1. In the flame of a candle it melts , and acquires a bfmtiit' 
green colour. On charcoal it gives off vapours of chlorido of copper, and ultimately 
leaves pure copper. In tho pulverised stato, it dissolves completely in ammopia. 
Contains 54*3 per cent, copper, 36 2 chlorine and oxygon, and 9 5 water, (GftU, 
Shepard, Sill Am. J. [2] xxi. 206.) 

KAMCAirXTB. Syn. with Pbaklstonh. v 

KAROARXCACIB. C ,T H*‘0* => (Heints, Pogg. Ann. cii. 272.)— 

This term was formerly applied to an acid intermediate between stearic and palmitlo 
acids, supposed to be produced, together with others, by the saponification of solid 
natural fats; but it is now restricted, for reasons presently to be mentioned, to an 
artificially prepared fatty acid of the series C"H 2n 0 2 , resulting from a definite reaction. 

a. Artificial Margaric acid . — This acid is produced by the action of potash on cyanide 
of cetyl (margaronitrile) : 

C ,7 H"N + 2HX) «= C ,7 H ,4 0 3 + NH*. 


Cyanide of cetyl (oily, see i. 841) is continuously boiled with alcoholic potash, till am- * 
monin is no longer given off, and the residue has become solid ; this residue is then 
decomposed by boiling dilute hydrochloric acid ; the separated fatty acid is shaken up 
with aqueous ammonia ; and the turbid solution is precipitated by chloride of barium. 
The precipitate, after being washed with water and with alcohol, and repeatedly boiled 
with ether, yields to this solvent an oil, which solidifies in the cold, melts below 40°, 
and has the composition of a mixture of cetylic other and cetvlic aldehyde. The un- 
dissolved barium-salt is decomposed by agitation with hydrochloric acid and ether; and 
by pipetting off the ethereal liquid, and distilling off the ether, crude yellowish marnric 
acid is obtained, melting at 56-6°, and solidifying in scales and fine needles. This 
acid may be resolved, by several crystallisations from alcohol, repeated partial pre- 
cipitation from the solution of its sodium-salt by acetate of magnesium, and subse- 
quent recrystallisation of the portions of acid again separated (somewhat in themanner 
described on page 474) into margaric acid, and an acid containing a larger proportion 
of carbon (CW*. formed from cyanide of stethyl, C ,# H W N, contained m the cyanide 
of cetyl employed), which occurs chiefly in the portions first precipitated by acetate of 

(BTeints.) , .... . . .. . 

™ portion# last precipitated by acetete of magnesium yield marganc acid, whkto, 
after Urn melti ng-point has been raised by repeated crystallisation to exhibits the 
charaeteristi^of a pore fetty acid mentioned below, and cannot inanv way be resolved 
into adds differing in melting-pdat This is the only way in which pure — *- 
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■'Jjk cna be obtained;;, The acids formerly so called, obtoinwl by the saponification of 
natural fate, we4j|f:$d*&res of Blearier acid with palmitic acid, or other acida of lower 

melting at 59 ^ and Bolidifying in crystalline 
scale. on eooBngr; $*&&& according to the mean of Hemte . analyse, 76 45 toW%» 
per cent. aarSS^iiKpii# to 12-67 hydrogen; the formula requiring 76-66 carbon, 

W69 hydrogen, £$0*6 oxygen. 

■ 'Ta,* w a# tto 


fltotfewoT 
Gained by ] 
water, is a ’ 


irkltrates have been prepared. The barium-salt , C* 4 H 4HI Ba 0‘, 
“Sff the sodium-salt with nitrate of barium, and washing with 
water, i. a n™—#™ P°™'" yielding, by analyei 8 60 39 per cent C, 9-80 H, 
and 22-40 B»0#the formula requiring 60*44 C, 9 78 H, and 22*67 BaO- . 

The silver-salt , € ,f H*. AgO* obtained in like manner by precipitation, dries up to a 
loose white, amorphous powder, containing 63 67 per cent, C, 8*74 H, and 28 8o^Ag 
(calc.’ 64- 11 C, 8-76 H, 28*66 Ag, and 8*74 O). i 

The sodium-salt is prepared by adding a boiling aqueous solution of pure sodic cur- 
bonate to a boiling alcoholic solution of murgaric acid, evapomtmg to dryness over tho 
water-bath, exhausting the residue with boiling alcohol, and filtering hot. The filtrate, 
which solidifies to a jelly on cooling, is liquefied by heat and mixed with water in the 

S , portion of one-eighth of the volume of the alcohol employed, whereby a mother- 
uid is formed which takes up any foreign salts present. On again solidifying, the 
t is collected on linen and strongly pressed. 

B The so-called margaric acid obtained by saponification of natural fats.— 
CheVreul in 1820 distinguished the solid acids resulting from the saponification of 
£*ts, a*. margaric acid and margarous, afterwards stearic acid; the former 
melting at 60°, the latter at 76°, and solidifying at 70°. He did not consider the dif- 
ference between the two acids to be fully established, but sugg 0s ted that margaric acid 
^ be ft mixture of stearic acid with another acid more fusible and richer in oxygen 

* ;^The fktty acid melting at 60° was, however, afterwards examined by several chemists 
rt^kardt, Traiti, li. 835), and regarded as a separate acid, having the composition 
‘'Hi and this viow of its nature continued to prevail, till IT ©in t'z, in a senes of re- 
ftfeblished in 186*2 and subsequent years, showed that it was not a distinct 
i could be separated, by certain processes, into stearic acid and other fatty acids 
a* melting- point. The leading points established by Hointz in this scries of re* 
M (fotf the references to which see Gmelins Handbook , xvi. 343, 344), are the 

the acids obtained in the saponification of fats contain an even number of 

T^margaric ad i of most chemists is separable into palmitic and stearic adds. 

* B Fatty acids may be mixtures, and not definite compounds, even though neither 
thdl composition nor their melting-point can bo altered bv recrystattiaatjon. 

4. Such mixtures may, however, be separated by partial precipitation (u 474). 

6. They differ from pure acids as regards their melting-point and thw mode ot 

moreover, determined with accuracy the melting-point, oompbi^j^and 
many other properties of the fatty acids, and has also drawn up tables, hereafttgjo be 
given, of mixtures of fatty acids of known composition (see Myuistic, 

Strartc acids). From those, and the investigations of other chemists sub^tatty 
published, it appears that the nature of the bodies described as maigam tcaU W 

probably as follows : 9 _ , T . . . . . _ 

a, Margaric acid of Chevreul.— TKfcr, according to Hemte, is to _bi mgBUTI* * 
mixture of about 90 per cent palmitic acid and 10 per cent (Mpm 1 ! 19 
probable from the circumstance that it crystallises m needles 

nature are doubtless the'lharganc acid of V ar r e n t r a p p ( xxx v. 
84V&tained from human fat ; that from goose-fat by Gottlieb (Md. fvii. W) ; from 
ThomsonandWood (J. pr. Chem. xlvu. 237V And many others. 

"W jS&ifaric acid of Broraeis.— The acid obtained by oxidation of Stearic and w 
tmdfe&mposed stearic acid, which owes its lower radting-pomtto association with 
tolatae acids (ses Stxabic acid).— Respecting the marganc amd which Bromeis 
Ch, Pharm. xxxv. 93) obtained from impure oleic acid by the action of nitric 
1 “i «So OjL»C ACID. 


^- jSswrie aM 4f Redtenbacher and Varrentrapp.— That of BsdtonbacheEris 
the dry oistillatio- to Hsmta. most of the 


Lveaienuauirr »uu — - ~ , 

„ nation of stearic acid, when, according to HemU, most of the 
itoario add passes over unchanged. That of V arrentrapp (Ann. Ch. Pharm. xxxv- 
•61 obtattel bythe dry distillation of betf-snet, W^tod, oliv^tHUor erode «J«e 
■ doubtless varies in composition according to thekind of fat employed. r 
i add (Ann. ChT? taro, lxiii. 378) is obtained, togethCT 

h^tfphyMc odmyl and other product*, by the dry distillation of akstad-ou 




afigKGARic ethers^marjoram, onm^ m 

with sulphur. It contains, on the averoge, 75*34 per cent. C, 12*68 Hi in tlUH 
salt 28*82 p«f cent, silver ; in the ethylic ether, 76 S3 per cent. <3, 1 t*TB Bj « 
to 37 O. It appears to be palmitic acid formed by ihe decomposition ofolettiacid. 

’ e Afaryaric add of Poleck, Levy, and others, obtained by the ary distillation v*„ . 
sanonific&on of wax, is doubtless palmitic acid, more v 

gUMAEXO BT88ES. No compounds of Owl •fe^«r»di^ee with pttt*V 
manrttrie acid (Heints’s), have yet been obtained. fh* eoe^unde to whi^^ 
name has generally been applied were probably mixtures of stjMisfft^id*palmitio eth* 'm*. 
A applies to ChevreuVa margaHn* - ■ " " 

MA EftAa iTB. Ptrlglimmer, Emeryllite, CorundeUite, and OUfigmanniU*-- A 
silicate of caloium and aluminium, occurring iu trimetric hemihedis wCfos tals, with a 
monodinic aspect, like muscovite ; tabular from predominance of the form oP. Angle 
ooP : oo P ** 119° to 120°. Lateral pianos longitudinally striated. Cleavage basal, 
eminent. Usually iu intersecting or aggregated laminae, sometimes Compact, massive, 
with a somewhat scaly structure. Hardness - 3 5 to 4 6. Specific gravity - 3 032 
to 2*99: tho latter for margnrite (Hermann), 2 996 for emerylhte (SiUiman,jun.). 
Lustre of base pearly, laterally vitreous. Colour greyish, reddish, or yellowish. Trans- 
lucent to eubtranslucent. Laminae rather brittle. 

jtoffritm * — a. From Sterzing, in tho Tyrol (Smith and Brush, Sill. Am. J. ii. xv. 
2091 Wirom the corundum mines of Gumuchdagh, in Asia Minor, o. From the 
island of Nicaria, in the Grecian Archipelago, d. From Naxos, s. From Kathu r 
rinenburg, in the Ural (J. L. Smith, ibid. xi. 69 and xv. 208). /. From Village Green* 

l.i /r* , -a-vj *7<n /» F " v 


rinenburg, in the Ural(J..L. amitn, tota. xi. ov unu xv. wo;. /. 

Chester county, Pennsylvania (Craw, ibid. viii. 379). g. From Buncombe county^ 
North Carolina (B. S i lli m a n, ibid. viii. 1 ). A. From U monville, Pennsylvania |C r 

rii. ‘ - A <1 m. /I O. h. 


loo . cit , 

Silica 
Alumina . . 
Ferric oxide 
Lime , 
Mugnesia . 

So<la and potash 
Water 
Fluorine . 


a. 

28*65 

b. 

3083 

0. 

3004 

d. 

29-88 

e, 

28*60 

/* 

31*20 

2917 1 

50*24 

49 30 

49 08 

49*38 

5102 

60*86 

48*40 1 

1*65 

2*03 

1-48 

1-26 

1*73 



11*88 

10-83 

11 *20 

1118 

1205 

10-26 


069 

0-50 

trace 

, , 

* 

0*46 


1*87 

1-90 

2-68 

1*26 

? 

2*29 


488 

388 

4*72 

505 

604 

4*83 

3*9* * 


. . 


. • 

2*00 a 

99 76 

99 T 27 

9910 

97*80 

98-39* 

99-88 

100-82 11 


These analyses lead to cne formula u ^ 

replaced by potassium and sodium, and the aluminium by ferricum). 

.0 orundeUite is margnrite from Union ville, Chester county, Pennsylvania, ( 
mannite ia the same mineral from Buncombe county, North Carolina. * * w 

Dipkemt* (ii. 430) is also a variety of margarite. (Dana, ii. 300. Rammelanorg* 

Mineralcktmie, p. 843.) ..... . . 

IBUhlMkdUR01>ZTB. A variety of muscovite or biaxial mica, apparently formed 
fWsSBMninwal by assumption of water, and loss of alkalis and ferric oxide. . A 

* tt h*n from Monroe, Connecticut, analysed by Smith and Brush (Sill. Am. 

8ft, gave by analysis 46 60 per cent, silica, 33 91 alumina, 2-69 ferric oxide, 0-1 
. • A J _ mnu ..~A A. a* with flnnrinn and 0*31 fllllonnf 


tfave by analysis 4o ou per cent, suica, oo vi mummn, « ~ — 

2*70 soda, 7 32 potash, and 4 -63 water, with 0*82 fluorine and 0*31 chlorine. 

The acetone of margaric acid: it baa not been prepared from 

btTB. 8yn. with Hauynb (p. 14). 

2S, A hydrous carbonate of zinc, containing 78*26 per cent, /su, 
r M*81 water, found in Marion county, Arkansas (Elderhorst, Bill; 
.’383). A mineral of the same composition occu rs a t Onniill^ near 
“ , Its composition is expressed nearly by the formula : v r 

JZn0.300*.6H*0, or 3ZnCO* 6Zn0.6HK). "■ 

(Petersen and Voi t, Jahrcsb. 1868, p. 734.) * • * 

An alloy introduced by Wctt ended t in 



to be attacked by water or hycLvv.^ , -- , 

does not appear, however, to have been practically used. 

■mt ta w. The law which expresses the inverse r ,v r”"™T 

of the volume of a gas, to the pressure to which it is subjected at a given tettpewts 

rvM^LuoaunaKt on OF. The volatile oil obtained by distilling 

kotUntu oj. Origanum mayorana) with water is lighter than 
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a considerable quantity of camphor or stearoptene. When freed from the 
'iljiter by rectification, it boils at about 161°, and appears to hare the composition of 
oil of turpentine, containing, according to Kane (Ann. Ch. Pharm. xxxii. 286), 86 7 to 
86*1 per cent, carbon, 11*1 to 114 hydrogen, and about 2 per cent, oxygen, probably 
arising from a small quantity of the camphor not completely separated. 

The camphor of marjoram is hard, colourless, inodorous, heavier than water, 
melts When heated, and sublimes without residue. It is soluble in boiling water, in 
ether, nitric acid, and sulphuric acid, the last colouring it red. It contains according 
to Mulder (Ann. Ch. Pharm. xxxi. 69), 60 0 per cent, carbon, and 10*7 hyairbgen. 
MARX. See Limestone (p. 698). 

M ARMATITB. A black ferruginous variety of blende, found at Marmato, near 
Popayan, South America. (See Zinc, Sulphide of.) 

Syn. with Serpentine. - * 

(Kromayer, Arch. Pharln. [2] cviii. 267.) — The bitter prin- 
ciple of white horehound ( Marrubium vulgare). To prepare it, the dried herb is re- 
peatedly exhausted with hot water ; the united and concentrated extracts are treated 
with recently-ignited animal charcoal ; and the charcoal, after washing with water, is 
well boiled with alcohol, whereby a bitter solution is obtained, which, when freed from 
the greater part of the alcohol by distillation, and then loft to evaporate, deposits cruder 
marrubiin as a brown bitter balsam. For purification, it is dissolved in alcohol; 
solution is mixed with water till it begins to show turbidity, then with acetate of lead ; 
and the filtered liquid, after being freed from lead by sulphydric acid, is left to evapo- 
rate. The marrubiin then separates in light brownish-yellow oily drops, which, whm 
separated from the mother-liquid, solidify in crystalline masses. Only a part of tho 
ubi'in, however, assumes tho crystalline form; tho rest, which in othor respects, 
Shies the crystallised substance, solidifying in the amorphous state. In preparing 
Ubiln also from fresh horehound, tho greater part of tho product is obtained in tho 
;fadrphous state. 

r Marrubiin crystallises from ether in colourless rhombic plates, or thick four-sided 
- twio*crystals ; from alcohol in needles. It is nearly insoluble in eoldtea^r (whence tho 
\ bitter taste of horehound becomes perceptible after some time only); somowhat more 
Soluble in hot water. Alcohol and ether dissolve it readily, forming perfectly neutral 
solutions. Marrubiin melts at 160 °, and solidifies crystalline on cooling ; at higher tem- 
peratures, it gives off white, very irritating vapours. When heated in a test-tube, it 
distils in oily drops, giving off pungent vapours smelling like oil of mustard. Strong 
sulphuric acid dissolves it with brown-yellow colour : strong hydrochloric acid does not 
act upon it even when heated ; strong nitric acid docs not act on it in the cold, but 
dissolves it with yellow colour when heated. It is not perceptibly altered by alkalis, 
or by metallic salts , ami produces but a slight reduotion in aramoniacal nitrate of 
silver ; neither is it precipitated by tannic acid. • ^ 

MAR8B-OA0. — Light carburet t> d hydrogen, Hydride of Methyl, CH 4 . 

This hydrocarbon gas is very abundant in nature. Tho bubbles of gas which tu&jQO 
>ften seen on tho surface of stagnant water consist of it, mixed with nitrogen and car* 
!)onic acid. From its occurrence in this way in marshy districts it takes its name. 
Gtreat quantities of it are given off by many of the coal-beds, so that it often accumu- 
lates in coal pits, where it is known as th c fire-damp of the miners, and is the cause of 
the explosions which occur in those places. It is, moreover, found escaping from the 
mrth in many parts of Italy, Persia, China* and America. J 

Besides being one of the usual products of the dectfy of organic suhetaitf^and also 
j£ their destructive distillation, especially when this operation is perfox^^ 
temperatures, and in general of the imperfect combustion of fuel, it ^ large 

bion of common illuminating gas. Bunsen’s analysis of ManchestpEf^MlI g^a gi vea 
tils, .of marsh-gas in every 100 vols. of the gas. V • : ' * s 

Si laboratory — if we except this production oHt by the imperfect combustion or 
i distillation of organic substances — it is comparatively a rare product The 
l other reactions which are known to yield it are 

ction of nascent hydrogen on tetrachloride of carbon (the nascent hydrogen 
\ by the action of potassium-amalgam on water.) (Begnault.) 

CC1* + - CH 4 + 4HCL 

>n of sine-methyl on water, and certain analogous actions of the same 
f ^CH*)*Zn 



+ 2H*0 = 2CH*H + ZnlPO*. 
irives its name, hydride of methyl. 


ihm on iodide of methyl in presence^)! ether (W 
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Butiikeisen), which, instead of yielding pure methyl, gives a large quantity of hy3i$de 
of methyl. 

(4) The action of sulphide of carbon upon sulphuretted hydrogen and copper, or iron 
at a red heat ; also the action of sulphide of carbon on phosphoretted hydrogen and 
copper. (Berth ©lot.) 

There is also some reason for believing that it is produced by the direct action of 
hydrogen on carbonic anhydride at a red heat, since when marble is heated in a ourrent 
of hydrogen, more water is generated than corresponds to the simple reduction of the 
carbonic acid to carbonic oxide. (W a n k 1 y n and F r a n k. ) 

Preparation. — The readiest way of preparing large quantities of marsh-gas in tv state 
of tolerable purity is by the destructive distillation of a mixture of an alkaline acetate 
wit h a hydrated alkali. 

It is recommended to employ 2 parts of crystallised acetate of sodium, 2 parts of caustic 
pottfeh, and 3 parts of powdered quicklime (Dumas, Ann. Ch. Pliys. [2] lxxiii. 92). 
The object of using the quicklime is to save the retort, which might otherwise bo per- 
forated by the caustic potash. In conducting the operation, a little caution is requisite ; 
no trace of gus comes off until the temperature is very high, and then there is a sudden 
rush of gas. 

The reaction between the alkali and the acetate is tolerably precise: 


CH»CO> n A 
Naff + 

Acetate of sodium. 


HKO 


0* 


CO" 

- K! 

Nh ) 

Carbonate of 
pi>tas*ium and 
sodium. 


(Ml 8 ) 

a 1 

Marsh-gas. 


With the exception of Bunsen’s destructive distillation of cacodyl, 


2As(CII s ) 2 

Cacodyl. 


As 2 + 2CIP + CTI\ 

Marstugas. Ethylene. 


ng zinc- methyl with water. 

•f all known compounds, marsh-gas is the richest in hydrogen, containing tis mnj#h 
5. per cent. Next to hydrogen itself it is the lightest gas (specific gravity OT>67»), 
is thence not inappropriately named liijhi carbnnM d htfdriujvn. In general 


it is the only destructive distillation which yields marsh-gas by a precise reaction. 

Marsh-gas prepared as just described from tho acetate is, however, liable to certain 
small quantities of impurity. It is easy to see how small quantities of acetone- vapoUr 
are almost inevitable : for destructive distillation of an acetate alone gives acetone. 

If marsh-gas of a high degree of purity bo required, it may be obtained by decom- 
posing zinc- methyl with water. 

Of i “ * 
as 25 ] 

and , , , „ .. . 

character it bears a great resemblance to hydrogen. It is incondensable, colourless, 
without taste or smell ; neutral to test-paper, and very neutral altogether. It is dis- 
tj ngu jA ft b le from all other hydrocarbons by the low luminosity of its flaunt In woltr 
and in alcohol it is very sparingly soluble. 100 vols. of water at 0° C. dissolve 5 '44 9 
vols, of marsh -gas ; 100 vols. of alcohol at 0' C. dissolve 52 259 vols. (Bunsen). 
The sparing solubility of marsh -gas in alcohol affords a method of separating it 
from some other hydrocarbon gases, such as ethyl, which dissolve in alcohol to a much 
greater extent. By means of ttulphurin avid or hr f twine (neither of which attacks it ), 
the olefines may be removed from a gaseous mixture containing marsh-gas and olefines. 
It is not absorbed by potash, and indeed there is no reagent which absorbs it. I*rorn 
acetylene it is easily separated by means of an amnion iaeal solution of ettprovs ehlnrtt/r, 

Tho i 

to remove canonic c 

a( tacked . , ... , 

of antimony* According to Kollie, a hot and concentrated mixt ure ot HidphUriff and 
nitric acids doeo not affect it. Jn the dark, dry chlorine is without action upon ik A. 
mixture of 2 vols. of clftorine with 1 vol. of marsh-gas is riot at first visibly uffecUd hf 
sunlight, but after a while it explodes. The passage of an electric spark also 
an explosion. If the gaseous mixture be diluted with carlmnic anhydride, 
exposed to sunlight, a quiet chlorination takes place ; and if excess ofch 1 ori n 0 be tb«V, 
chloroform and tetrachl 


it is easily separated by means ot an nnimonineal solution ot ertprovs cMorutr, 
reagent, or the hydrochloric solut ion of cuprous chloride, might bo employed 
carbo nic oxide (see Analysis ok Casks, i. 283). According to Bumsuyt. is not 
if chloride of sulph ur, nor by pnitmhiridv if phmphnruH , nor by pmtachloridn 




oroform and tetrachlori do of carbon are produced (Dumas). Equal roh«|gi of 
dry chlorine and marsh-gas exposed to diffused daylight, give a chlorinated? 
haring the formula CIFC1. It appears that this compound, Cl PCI, if .not I 
with chloride of methyl, is very readily converted into it: for Bert helot has r 4 
in obtaining methyl-compounds from it by double decomposition. ^ ^ . .. . 

If moistiire be present, chloriue converts marsh-gas into bydroehlone$$a, i»l 
•ifcfc and carbonic oxide. , ^ f , 

white heat, marsh-gas is resolved into carbon and hydrogen* tame ch 

%L, W* i ' * 3 I ' 
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is effected by tho transmission of electric sparks, but the decomnositinr, 

complete. ■ 18 Dev * 

Carbon being a tetratomic element, marsh-gas is the normal hydride of carbon 
the type of a numerous class of compounds which are produced by replacement of mo 
or less hydrogen by other radicles. Thus chloride of methyl is monocbloriDated 
marsh -gas : Methyl-alcohol is marsh-gas wherein hydrogen has been replaced bype r . 
oxide of hydrogen : Formic acid is marsh-gas wherein some of the hydrogen has Im y/j 
replaced by oxygen and some by peroxide of hydrogen, c. g . — 


(H 

iH 

t R 

K 

C O" &c. 

(ho 

ch 

In 

tci 

ch 

v HO 

Marsh 

Chloride 

Mothylic 

Formic 

C> as. 

of Methyl. 

Alcohol. 

Acid. 


When carbon makes a partial saturation of itself, as polyatomic elements occasionally 
do, and as carbon of all polyatomic elements is especially liable to do, there result 
complex carbon-groups requiring very various amounts of hydrogen for their saturation. 
When the carbon has adhered to itself with the least possible expenditure of saturating 
power, and when the complex carbon-group so resulting is fully saturated with hydro- 
gen, there result certain hydrocarbons which form a very well characterised family - 
the marsh -gas family. The marsh-gases — homologues of marsh-gas — are characterised 
by their great neutrality, and present a uniformity of character which is most remark- 
able. J. A. \V. 

MARSH'S TEST FOR AR8E1TZC. See Arsenic (i. 362). 

MARTINBITE, A variety of common salt from Stussfurth, containing 10 j>f s. 
chloride of sodium to 1 pt. sulphate of magnesium. (Karate n, J. pr. Chem. xxxvi. 
127.) 

MARTITE. The octahedral form of native ferric oxide, found on the Puy d<> 
Homo ; at Tramont ; in Monroe County, New York ; in Peru ; and in Brazil. Tli« 
crystals are regular octahedrons, often flattened, and having the octahedral faces 
Jtriated parallel to the edges. Cleavage indistinct. Hardness = 6. Specific gravity 
«= 4’82, Brazil; PCS, Puy do Dome; 3*80, Peru (Breithaupt); 6*33. Monroe (It tint). 
Bust re Hubmetallic. Colour iron-black, sometimes with a bronze tarnish. Streak 
brown, or purplish-brown. Fracture conchoi'dal. Not magnetic. 

MARTYIiAMlNE. Syn. with Xenyi.amink. 

MARUM-CAMFHOR, A camphor or stearoptene existing in all parts of cat- 
thyme (Tiucrium Marunt). It is extracted by distilling the dry herb with water, and 
repeatedly cohobnting the distillate over fresh quantities of the green herb. It is a 
white, crystalline, transparent, brittle muss, consisting of thin laminae, heavier than 
water, having an unpleasant odour and aromatic taste. (Bley, N. Trommsd. xiv. 2 
and 87.) 

MASCACmiNE. A sulphate of ammonium, (NH«)*S0 4 .2H*0, occurring about 
volcanoes ; it was discovered by Mascagni in the fissures of the lava at Ktna, Vesuvius, 
and the Lipari Isles. It sometimes forms trimetric crystals in which a: b : c = 0'731 ■ 

1 : 1T29. Angle ocP ; ooP = 107° 40'; oP r f*oo = 122° 56'. Cleavage, perfect 
parallel to ocPoo ; imperfect parallel to oP. Usually in mealy crusts and staluc- 
titic forms. Hardness * 2*25. Specific gravity =» 1’72 to 1*73. Lustre when crys- 
tallised vitreous. Colour yellowish-grey .to lemon-yellow. Translucent. Tastes pun- 
gent and bitter. (Dana, ii. 379.) 

MASOFXN, C l2 H ,8 O a . (Ge n th, Ann. Ch. Pharm. xlvL 124.) — A resinous substance 
obtained from a material used in Mexico for chewing. This latter substance, which is 
said to be derived from a tree called DschUte , growing abundantly in Mexico, forms 
crude porous lumps having a dull aspect, but presenting a bright surface when cut; it 
softens between the fingers, has little or no taste when chewed, but a distinct odour 
like that of rotten cheese. To extract the masopin, the dried juice is comminuted and 
exhausted by boiling with water ; and the soft ropy residue is digested with absolute 
alcohol, which ou cooling deposits masopin in crystalline flocks, a further quantity 
separating on addition of water. The portion of the juice insoluble in alcohol consists 
of caoutchouc. 

Masopin is a snow-white, light, pulverulent substance, which becomes adhesive when 
passed between the fingers, has neither smell nor taste, is insoluble in water, but 
easily soluble in alcohol and in ether, and crystallises from the ethereal solution in 
white silky needles or frequently in tufts of small prisms. The crystals melt at 155°, 
emitting an agreeable odour, aud the melted mass solidifies on cooling to a glassy, 



MASSICOT — MASTIC CEMENT. 857 

brittle, yellow substance, having a couchoidal fracture, and molting again at 69° or 

70°. 

Masopin yields by distillation a brown viseid oily mass, having an acid reaction 
If the acid be removed by digestion with ammouiacal water, and tin* remainder then 
rectified over slaked lime, a light-yellow mobile oil is obtained, having an agreeable 
odour of finger, and containing 88 02 per cent, carbon, and 11*49 hydrogen. The acid 
which unites with the ammonia separates, on addition of hydrochloric acid, in nacreous 
crystals like boraoie acid: it may be further purified by precipitation from solution in 
potash. It forms a d sizzling- white silver-salt, which burhs with an odour of cinnamon, 
and contains 4.V49 per cent, silver oxide. 

Mu. sop in dissolves gradually in nitric add, and the solution leaves on evaporation n 
viscid mass like melted sugar, which is soluble in water, ammonia, and potash, and 
when combined with the latter, forms dingy yellow precipitates with most metallic salts. 

IvfaBBICOT. Protoxide of lead prepared without fusion. See Lkaii, Oxinan or 
(p. M9), 

MASSOY>CAMPHOR AND OXX*. Massoy-bark, obtained from New Guinea, 
and said to be the bark of La nr us Jiurmmnu, or of Cinnamomum Kimnis (Neon), con- 
tains a camphor or stearoptene, and two volatile oils. The camphor is heavier than 
water, soluble in alcohol, ether, and acetic acid, and coloured yellow by nitric acid, 'rim 
heavier of the two oils sinks in water, becomes pasty at 10°, has a pungent taste, and is 
coloured deep red by nitric acid. The lighter oil is more! volatile, has a stronger odour 
like that of sassafras, is lighter than water, dissolves easily in alcohol, ether, and acetic 
neid, and is coloured cherry-red by nitric acid. The two oils and the camphor are 
obtained from tlio bark by distillation with water. (II on as Ire, J. Pliarm. xv. 201.) 

MA9TERWORT, OXX« OF. (Wa ck on rod or, Hr. Arch, xxxvii. 341. — Ilirzel, 
.1. pr. Chem. xlyi. 202.) The root of masterwort (I/hjh ratoria (htrnthhuu) eontains a 
volatile oil, which may bo extracted by distilling the comminuted root with water. 
Part of it flouts on the watery distillate ; the rest may be obtained by agitation with 
•■thcr and evaporation, and the whole purified by rectification with a small quantity of 
water and dehydration over chloride of calcium. The yield of oil is from 0 78 to 073 
per cent. 

'I his oil is transparent and colourless (Ilirzel), pale yellow (Wa e k e u rode r), 
mobile (the portion which distils between 2<K)° and 220° is more viseid). It boils 
between 170° and 220°; lias an aromatic odour (somewhat cuipyrciimatic, between 
2< M i° and 220° according to Hirzcl); penetrating (Waeke n rod nr) ; its taste is 
strongly heating (Ilirzel); camphorous like that of poppy-oil ( Wac k e n rod e r). 
It burns with a bright fuliginous flame. 

The portion which distils between 17<>° and 130° eontains, according to Ilirzel, 
3.3 f) 7 per cent, carbon, 1 1*45 hydrogen, and 2 ', >3 oxygen ; that which distils between 
2«>()° and 220° contains 81*43 carbon, 1132 hydrogen, and 7 2*3 oxygen. The oil ap- 
pears to be a mixture of several hydrate# of a hydrocarbon isomeric with oil of turpen- 
tine, corresponding »vith the formula 4(J' ,) 1I 'M 1*0 and 3C l<, H ,, ‘.2lf ~(). (II irzel.) 

It absorbs chlorine, with rise of temperature and (‘volution of hydrochloric acid gas, 
being thereby converted into a yellow viscid oil, which sinks in wafer, has a. peculiar 
oilour, and a biting taste. It is decomposed in like manner by bromine, w ith evolution 
of hyd rob romic acid. Jly distillation W'ith j>io>xj)horic anhydride it. yields a transparent 
colourless oil, which has an odour of rosemary and an nn»rmtfie taste, and is isomeric 
with oil of turpentine. This latter oil absorbs hydrochloric acid gas, assuming a 
reddish-yellow Colour, and forming, after complete sat urafion, rectification with water, 
and dehydration with chloride of calcium, an oil which Jiuh an agreeable odour, an 
aromatic taste, and a composition (74*98 C, 10 80 IT, 13 28 Cl) agreeing with tiio 
formula 3C ,# H ,4 \HC1. (Ilirzel.) 

mabtzc. A resin obtained by incisions in t he bark of the stem and brunches of 
Vodxwia Lcntiscua, a tree growing in the islands of the Grecian Archipelago, especially 
in Chios. It forms small round transparent grains, having a faint agreeable odour, 
which becomes very distinct when the resin is thrown on red -Jiof. coals. It softens 
when masticated, and is said to strength the gums. It. is also used in fumigations, aud 
J n the composition of varnishes. Specific gravity ** 1*074. According to «Scii rotter, 
its composition is C^H^O*. 

Aqueous alcohol dissolves the greater part, of the resin, leaving masficin un- 
dissolved. The more soluble portion, which, according to Johnston, has the composi- 
tion C* II s * O', is precipitated from its solution by chlorine as a viscid mass. When 
heated for some time to 145° in the dry state, it is said to be nwjlved into two other 
resins, one containing a larger, the other a smaller proportion of oxygen. 

MASTIC CEXSVT. A building cement composed of finely-ground oolitic 

3 l 2 
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limestone mixed with sand and litharge, and made into a loosely coherent paste ^ ’ 

hnseod-oil (See xKBX> ^ tg j 0 }, a3 ton.—The constituent of mastic rein 
e soluble in alcohol, amounting to A — } of the whole. It is white, 
s'oft^V ordinary temperatures, but by prolonged drying and fusion becomes tram- 
Zrent ydlowish, and friable, and is said to be then more soluble in alcohol 

MATicnr A bitter substance of unknown composition obtained from the leaves 
of thematico UHpcr aspen folium), a plant growing in Pern. The leaves, winch have 
ot tne inanco (.a >/' / tr . litre nt taste are noted in Peru for their medicinal 

a strongly aromatic »»| p„tcr. When boiled with water, they yield 

rXSt Considerable^ quantity of a heavy volatile oil, while the maticin dissolves 
n th wa - together with several other substances, from winch it may be partly frml 
v iireHn ati f with acetate of lead. The matiein then remains dissolved jt> t he 
water aid may be obtained, by evaporation to a syrup, solution in alcohol, and evapo- 
rvtion of the alcoholic solution, as a yellow brown extractive matter, having a his- 
affreoable odour and extremely bitter taeto. It is soluble in alcohol and in water in- 
sohible in ether. The aqueous solution is not prec^.tated by platim^chlond^ bu 
forms a yellow precipitate with potash, and with ammonia. ( g > L J 

xxv. 204; Mem Chem. Soe. i. 123.) 

MAT1CO, OIX. or. To obtain this oil, the leaves of Piper asperifolium arc dis- 
til” ”” water and the oil which slowly sinks to the bottom of the milky distillate 
m ;™, thickish ; has a strong and persistent odour, and a persistem 
Amnhtmms taste By keeping, it becomes thicker and ultimately _ crystalline ; by 
nitric acid, it is coloured amber-yellow and resinised. It dissolves _in _ml of vtl :r.cl, 
forming a carmine-coloured liquid which becomes milky on addition ot wutcr^ It - 
solvcs readily i.t alcohol and ether, not in aqueous potash or ammonia. (Hodges. 

MATIOCKITE Oxychloride of lead, I’b’Cl’O, found at Matlock in Derbyshire 

^ matbicaBIA CBAMOMILLA Wild chamomile. — The flowers of this 
pi”' distilled with water, yield a volatileml of a dark blue colour, and & “?7!o 
whh a strong odour of chamomile, and an aromatic burning taste It fluid 
but thickens when cooled below 0°. (Gmehn’s Handbook, xu. 36o.) 

MATRICARIA PARTIIENItlM. Feverfew.— This plant, while m the flout r- 

ing state, yields by distillation with water a »Uh ■ o.l whu * ^ ^ 

between 165° and 220’, the largest portion, however, distilling hetwe. 20.. »n - • 

The oil consists of a hydrocarbon containing about 86 percent, carbon and 11 byhog . 
a camphor having the same composition as that of the lanracete, but possessing 1* " 
rotatory power (fee CaMchou, i. 729) and an oxygenated oil containing more oxyg 
than camphor. (Dcssaigt.es undOhautard. J. Pharm. xm: 261 .- C haul ant, 
Compt- rt utl. xxxvii. 16(b) 

tmta ttilitC. Syn. With Laurat>ohite (p. 4 50). 

MAYWA6 RESIN. Cal aba or Gotha of the Antilles (Le wy, Ann. Ch. Fhye. [I 
x 380). A resin extracted by incision from Calupkf/llum Calaha. .facq., a 
on the plains of San Martino and of the Orotioco. It possesses the usual external els 
racters of rosins, lmt when purified by solution in alcohol, it crystaUisesm small 

fi n e*'y el low colour.^ Icconhng to 1 PnXisye! 1 ; he^tT 

: Poo - 139° 35' ; ooPco : ooP = 150° 30. Ratio of axes a : b : c - 1 769 . 1 . i *** 

An t~inXt\Z dlraci-rs of an acid, dissolving readily, even at common 
temperatures, in potash, soda, and ammonia. It is insoluble in water very soluble 
nhM, ether, an d oils both fixed and volatile. Specific gravity “ 1 .J l ( 
about 105° to a transparent glass, and when once melted, remains liquid for a long 
time not solTdi^ng till cooled 8 to about 90°. By dry distillation rt yields empyreu- 
matic oils, and leaves a carbonaceous residue. It contains, according to the roes 
of Lewy-s analyses. 67 52 per cent, curtain and 7 30 hydrogen, whence Lewy deduces 
the formula C'^H^O 4 (calc. 67 2 C, 7 2 H, and 25 6 O). . , . . * 

The resin dissolves in cold acetic acid, also in sulphuric acid, forming a solution o 
fine ill colour, from which it is precipitated by water in 

strongly acted upon by fuming nitric and. yielding a non-erystalliaable n>tro-*c> 
With 8 ordinary nitric acid it forms a volatile acid exhibiting the characters of butyn 
add; the solution yields, by concentration, crystals of oxalic acid, as well ss a ltqu 
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lU'id. the nature of which has not been determined. The resin heated with a mixture 
of acid chromate of potassium and sulphuric acid , gives off carbonic anhydride and 
formic acid. Chlorine and bromine act upon it, but without yielding definite products. 

MEADOW SAFFRON. Gr attain officinalis (ii. 942). 

MEADOW-SWEET. See Spir.isa. 

MSCHLOIC ACXX>. A crystalline acid produced, together with a chlorinated 
resin, by the action of chlorine on meconin. It contains 48-72 per carbon, 4-07 
hydrogen, no chlorine ; crystallises in fine prismatic needles , is soluble in potash, 
sparingly soluble in cold, easily in boiling water. 

MECONAMIC ACID. Seo Mkconic Ann, A Minus of. 

r’Tio< > 

MECONIC ACKZ). C 7 H 4 0 7 = > 0 s . Mahnsiiun. Opiumsiiurv . — This acid, 

which is one of the constituents of opium, was discovered by Sertiirner in 1805 
(<iilb. Ann. lv. 72; lvii. 183 ; lxiv. 65), but tin- more exact investigation of it has been 
made chiefly by Robiquet (Aim. Cli. Pliys. v. 282; li. 236; li ii. 425), ami Liebig 
(Ann. Cli. Pnarm. vii. 37 ; xxvi. 113, 147). 

The best method of preparing it is that of Robiquet, modified by Gregory 
(Ann. Ch. Pharm. xxiv. 4.3). Opium is exhausted with water at ,38° ; the extract is 
neutralised with coarsely pounded marble, evaporated to a syrup, ami mixed with a con- 
centrated solution of chloride of calcium, whereby the meconateot calcium is more com- 
pletely separated in proportion as the liquids are more concentrated ; ami the preci- 
pitate is washed with water «iiid pressed. [The mother-liquor serves fertile preparation 
of morphine.]— 1 pt. of the precipitated nn conate of calcium is now suspended in a 
mixture of .3 pts. commercial hydrochloric acid and 20 pis. boiling water; the mixture 
is kept at a temperature short of 100°, and frequently shaken, till the whole is dissolved ; 
and the acid meeonuteof calcium which separates on cooling is collected on linen, washed 
with a small quantity of water, and redi.ssolved. after pressure, in a mixture of 3 pts. of 
hydrochloric acid and 20 pts. of hot water, avoiding ebullition The liquid then yields, on 
cooling, crystals of mcconie acid nearly free from lime, while the mother-liquor, in con- 
sequence of the excess of hydrochloric acid, contains scarcely any mceoniv acid. The 
still coloured crystals, after being washed and pressed, are dissolved in 16 pts. ol hot 
water; the liquid is strained through limn; ami the filtrate is mixed with two-thirds of 
the original quantity of hydrochloric acid ; on cooling it yields crystals nt ineeonic acid, 
free from lime, but still coloured. These crystals are suspended in cold water, neutra- 
lised with carbonate of potassium, and heated to 100° with gradual addition ot Mater in 
quantity just sufficient to dissolve them ; the sol at ion, which solidifies on cooling, is well 
pressed (the liquid which rUns off yields impure meeonie a<id when (rented with excess 
of hydrochloric mud); the expressed mass, which is not yet quit** white, js rcdissolvcd 
in the smallest possible quantity of boiling water; the solid mass obtained on cooling 
is again pressed ; and this treatment is repented till a pure white product is obtained, 
lastly, this pure nn conate of potassium is dissolved in 16 to 20 pts. of hot. water ; tin* 
acid meoonate of potassium which separates on cooling is mixed on linen with a small 
quantity of cold water, pressed, and redissolved in 16 pts. ot hot water , the solution is 
mixed with 2 or 3 pts. of hydrochloric acid; and the crystals ot pure meeonie acid 
which form on cooling are washed M-ith cold water, and reeryst allised from solution in 
the smallest possible quantity of boiling water. 3 he mother liquor expressed from 
the potassium-salt still yields a quantity of impure inee-mie acid when treated with 
hydro-chloric acid. Paper-filters [probably on account of the iron contained in them] 
cannot lx? used in any part of the process. 

How (Ann. Ch. idiarm. lxxxiii. 350) heats the crude acid free from lime with 
twice its weight of wafer, till the whole dissolves on addition of ammonia! The 
solution on cooling solidifies in a crystalline mass, which maybe freed by pressure from 
the black mother-liquor, and reorystallised two or three times from the smallest possible 
quantity of boiling water. From the solution in hot waf.-r._the meeonie acid separates, 
on addition of excess of hydrochloric acid, ir colourless lamina-, which are washed with 
Cold water, and once reorystallised frum boiling water. 

The aqueous extract of opium might also be treated in the first instance M-ith ammonia 
to precipitate the morphine, and the meeonie acid afterwards precipitated by chloride 
of calcium ; bht ammonia always precipitates a certain quantity of rnooonie «cid from 
the aqueous solution in the form of a calcium-salt : hence the process ih attended with 

Meeonie acid crystallises in micaceous scales or small rhombic prisms, containing 
3 at. water (C T H*0 7 .3H*0), which it gives off at 100°, leaving a white, opaqud, - 
effloresced mass* It has a sour taste, and reddens litmus strongly. It dissolves readily 
in water and alcohol, less easily in c Our, 
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Meconic acid is resolved, under various circumstances, into carbonic anhydride and 
comenic acid : 

C 7 H 4 0 7 = CO a + C 8 H 4 0 5 , 

Meconic Comenic 

acid. acid. 


the latter frequently undergoing further transformation : — 1. When dry meconic acid 
is heated to about 120°, carbonic anhydride is given off and comenic acid remains 
behind ; at higher temperatures, the comenic acid is further resolved, partly into car- 
bonic anhydride and pyromeconic acid, C 5 H 4 O a , partly into water, acetic acid, empy- 
reurnatic oil, and charcoal. — 2. When meconic acid is boiled with wat.>r, or with 
hydrochloric acid , a brown colouring matter being also produced in the former case. — 
3. By the action of chlorine or bromine y in presence of water, the products being carbonic 
anhydride and chloro- or bromo-comenie acid. — 4. By boiling with excess of ammonia, 
the comenic acid being then converted into comenamie acid. — 5. By heating with 
iodide of ethyl , whereby carbonic anhydride is given off, and ethyl-comenic acid 
produced. 

Meconic acid is easily oxidised by nitric arid., yielding a large quantity of oxalic 
acid. — By boiling with strong caustic potash also, it yields oxalic acid, together with 
carbonic anhydride and a brown substance. — By chloride or bromide of iodine , it is 
converted into iodomeeone, C s K 4 PO*. [? impure iodoform; see p. 312.] 

The aqueous solution of meconic acid is coloured deep red by ferric chloride, the 
colour nut being destroyed by boiling, or by the action of dilute acids. 

Moco nates. — Meconic acid is tribasic, and forms three series of salts: 

Arid. 

f * * , Normal or 

monometallic. ilimeuillic. friimttaliic. 

C’lPMO 7 C’H-M’O 7 C’lIM’O’. 


The dimetallic mcconat.es are neutral to vegetable colours. 

Mcc on a t es of A vi mon i a w . — The tri-anrmonic salt is unknown. The di-am monic 
salt, 0 7 lt 1! (NII , )*C) T , crystallises in slender needles. On passing chlorine through its 
solution, the m.onu-atiinnmic salt, C 7 H 3 (NH ‘jOMPO, separates in granular crystals, 
sparingly soluble in cold water. 

Meconat es of Barium . — Tin* diharytic salt is sparingly soluble in water. 
Ohloride of barium forms, with solutions of the alkaline mcconates, white flakes soluble 
in acetic acid. Aqueous meconic acid forms with baryta-water a bulky yellow pre- 
cipitate, probably consisting of t riba ry tic auconate . 

Meconat e s of Calcium . — The wouoealcic salt. (’ , II H 0u’'0 M . 211-0, is precipitated 
by chloride of calcium from aqueous im conic acid, and from the solutions of acid, and 
even of neutral mcconates.— -The dna/cic salt. ( H"( v O. is obtained as a yellow 

gelatinous precipitate, on adding chloride of calcium to the solution of a mecouale 
saturated with ammonia. 

M coo nates of Copper. — The monoouprie salt is obtained as a yellowish -green 
precipitate on adding meconic acid to a solution of cupric acetate. By dry distillation 
it yields a largo quantity of pyromeconic acid. Meeonate of potassium forms an 
emerald-green precipitate with cupric acetate. 

Mcconates of Iron, — a. The ferrous salt is very soluble, colourless, turns red on 
exposure to the air, and more quickly when mixed with nitric acid. 

P. Ferric salt. Soluble mcconates added to ferric .salt# produce, for the most part, 
a deep blood-red liquid, without precipitation, even wltfea the solutions are concentrated ; 
but when neutral ferric sulphate is treated with meednate of ammonium, a cinnabar* 
coloured pulverulent precipitate is formed after a while, which is sparingly soluble in 
cold water and in alcohol, easily in boiling water and in dilute acids. On mixing its 
aqueous solution w-ith potash, ferric oxide is precipitated, ammonia is given off, and the 
red colour disappears ; if hydrochloric acid be then added, sufficient to saturate the 
alkali, the red colour reappears, but is again destroyed by excess of acid. The red pre- 
cipitate, if previously dried in the air at ordinary temperatures, undergoes no alteration 
at. 100 c . St enhou so found in five samples of it, dried at 100°, from 30*4 to 31 1 per 
cent, carlton. 21 to 2*5 hydrogen, 3*4 to 3 5 nitrogen, and 22 6 to 24*3 ferric oxide. 
On mixing solutions of meconic acid ami ferric chloride in anhydrous ether, red-brown 
flocks very soluble in cold water are precipitated. Stenhou.se found in three prepa- 
rations (at 100°) from 25*3 to 25*9 per cent, carbon, 1*7 to 1*9 hydrogen, and 30*3 to 
31*2 ferric oxide. 

Mcconates oj Lead.-— The neutral salt , r u H i Ph , Q l4 .2lff > 0 ) jg produced by precipi- 
tating neutral acetate of lead with meconic acid, even in excess; it forms white 
flocks, insoluble even in boiling water. 
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. B, ” <c «'/<*, containing from 68-4 to 78 4 per coot. load-oxide, are obtained by pro. 
oipitating basic acetate of lead with alkaline meconates. 

Magnesium -salts.—' The dtmapmsic salt iH sparingly, tho monomngnesic salt 
easily suluble in water ; the latter crystallises in shining, transparent, flattened needles 
having an acid and bitter taste. ' 

Meconates of Mercury.- Both the meroimjus and mercuric salt are pale yellow 
flocculent precipitates, insoluble in water, soluble in nitric acid. 

Meconates of Po t a s s i it m. — The and .softs are erystallisable, the ventral salt 
uncrystallisable. 

Meconates of Sil ve r.-— Aqueous ineconie acid forms with nitrate of silver a white 
precipitate of the di -argentic salt, C 7 H*Ag~0 T , whieh, by prolonged boiling with water, 
is converted into the tn-anjevtic salt , 0 7 HAg*(P. The latter is also formed, as a 
yelloV precipitate, on mixing a solution of meeonie acid, exactly saturated with ammo- 
nia (the di-ammmiie salt) with nitrate of silver. 

Meconates of Sodi uni. - - Tho monos,, die soft forms hard grains, lmt slightly 
soluble in water. — -Tin* dtsodtc salt, obtained by digesting imvnnale of barium with 
aqueous sulphate of sodium, crystallises in slender needles, soluble in , r > pf K . of water, 
and containing a large quantity of water of crystallisation. The trisodie soft is crys- 
tallisable, very soluble in water, and efflorescent. 

Meconates of Tin . — The stannous soft is a white precipitate, very soluble in 
excess of the stannous solution. The stannic soft is also a while precipitate, sparingly 
soluble in acetic, easily in nitric acid. 

Mecon ate of Yttrium. — Sparingly soluble in water ; yttrium-sails, however, give 
no precipitate with ineconie acid. 

IVXECONXC ACID, AMIDES OF. lly acting on cthyl-meeonio acid and diet hyl- 
meeonie acid with ammonia, How has obtained two acids, which may be regarded 'an 
niono-iiimiiunic ineconate minus wafer, viz. : 

Meeouarnic acid .... CHPWV* m C 7 II :, ( NH')() 7 - H '•'(') 

Mecono-diumidic acid . . . C : ll'‘N*() % *= C 7 ll-\ N 1 1 4 ) V C ) 7 - ‘.>11-0 

Neither of these acids has, however, been obtained in the crystalline form, and their 
formula* are somewhat doubtful. To the former How assigned the somewhat impro- 
bable formula C w II M N 7 O w ; the formula above given was promised by OerJiardt. 

( Traitf\ ii. ISO.) 

MECONIC ETHERS. Meeonie acid, being tribasie, should form three ethers 
containing ethyl or other alcohol-radicles. Only the two acid el hyl-m«eonat <s arc, 
however, at present known. 

Eth Yi. - mf.com 10 ACID, C’H^f^fPJO 7 , is obtained by passing dry hydrochloric 
acid gas through a solution of meeonie acid in absolute alcohol, till the liquid einit#l 
fumes. It then, if left at. rest, dejmsits the ethylated acid in needle-shaped crystals, 
vhich may Isi purified by reerystallisation from hot water. 

The acid forms small needles very soluble in boiling wafer, soluble in ether and in 
alcohol of ordinary strength, less soluble in absolute alcohol. The crystals are anhy- 
drous, melt at 158°, and sublime in brilliant rhombs. 

Ethyl- meeonie acid is dibasic, forming two series of very stable salts, viz. neutral 
softs, CTIM^Cfll J )0 T , and arid softs, C 7 H if M((f ,f H‘ > )0 7 . They crystallise readily. 
(How, Ann. Ch. Pharm. lxxxiii. 3/>o.) 

DlTiTHYL-MKCONie ACID, (,- 7 H P) 2 0 7 , is contained in the mot her-liquor from 
which ethyl-rneconic acid has separated, and rnay lie obtained by evaporating this 
liquid till it gives otf acid vapours. The residue is a fhiek oil which solidifies on 
cooling, und may be purified by reerysf allisation. 

It forms flattened colourless prisms, melting af about 1 10 '; it molls in boiling wafer 
before dissolving, and dissolves very easily in alcohol. Its aqueous solution has a 
strong acid reaction, decomposes curl*oiiates, and rapidly coagulates albumin. It 
colours ferric salts red. 

The acid is monobasic, the formula of its salts being C T HM(CHP) 7 0 T . The 
amnumium-snlt crystallises in yellow needles, and is very soluble in cold water. It 
is most easily prepared by passing gaseous ammonia into an alcoholic solution of 
the acid. The barium-soft is a yellow semi-gelatinous precipitate, insoluble in boiling 
water, but very soluble in excess of chloride of barium. Tho strontium- and calcium- 
salts resemble the barium-salt. The magnesium- so ft is a crystalline precipitate. Tho 
copper-salt is green and gelatinous. The lead-salt is a yellowish-white precipitate. 
The siiver-sa/t is yellow, gelatinous, insoluble in boiling water. (How, foe., cit.) 

MSCONZV. Opianyl. C — A neutral substance existing in opium. It was 

first observed by Du blanc (Ann. Ch. Phys. [2] xlix. 17); afterwards prepared in 
the pure state, and examined by Con orb e (ibid. xlix. 11 ; 1. 337 ; lix. 148). 
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It is ptoduced from narcotine, together with teropiammone, cotarnine, opianic acid, 
and heraipinic acid, by the action of warm dilute nitric acid (Anderson, Ed. Phil. 
Trans, xx. 347 ; xxi. 204), and from opianic acid by the action of caustic alkalis, or of 
nascent hydrogen, evolved either by the action of sodium-amalgam on water, or of zinc 
on dilute sulphuric acid. (Matthiessen and Foster, Chem. Soc. J. xvi. 349.) 

a. Action of alkalis : 

2C»«H ,0 O 5 = C ,0 H'°0* + C ,# H ,0 O 8 . 

Opianic acid. Meconin. Hemipinic acid. 

j3. Action of nascent hydrogen : 

C ,0 H'°O s + H 2 = C ,0 H ,0 O 4 + IPO. 

Opianic acid. Meconin. 

Preparation, a. From Opium . — 1. Finely cut Smyrna opium is exhausted with 
cold water; the filtrate is evaporated to 8° Bin., and the morphine and narcotino are 
precipitated by dilute ammonia. The filtrate evaporated to a syrup, and then left for 
several weeks in a cool place, deposits brown crystals, which must be pressed and then 
dried at a gentle heat. The brown crystalline mass contains meconin, meconates, and 
other substances. It is exhausted with boiling alcohol of 36°, and the extracts are 
concentrated to one-third by distilling off the alcohol ; the liquid then on cooling 
deposits crystals, which are purified by recrystallisation from boiling water, with addi- 
tion of animal charcoal, then from hot ether. The mother-liquor from which the 
crystals have separated, yields an additional quantity of meconin by concentration. 
(Couerbe.) 

2. The aqueous extract of opium is precipitated by chloride of calcium ; the precipi- 
tated rneconateof calcium is filtered ; the filtrate evaporated to the crystallising point, 
and separated from the deposited hydrochlorate of morphine; and the dark mother-liquor 
is diluted with water, filtered from the flocks which separate, and treated with ammonia, 
which precipitates narcotine, thebaine, and a large quantity of resin. The filtrate is 
mixed with acetate of lead ; the excess of lead is removed from the filtered liquid by 
dilute sulphuric acid ; and the filtrate is neutralised with ammonia, and evaporated to 
the crystallising point at a moderate heat, whereupon narceine separates out, and then 
sal-ammoniac by further concentration. The mother-liquor is repeatedly digested with 
4 vol. ether at 26°, and the ether is distilled off from the extracts, a brown syrup then 
remaining. On treating this syrup with dilute hydrochloric acid, papaverine dissolves, 
and’nieconin remains in the form of a dark grey crystalline powder, which, to free it 
from resin and purify it completely, must be several times crystallised from boiling 
water, with addition of animal charcoal. (Anderson.) 

b. From Narco tine. — Narcotine is heated in the water-bath to 49° with 28 pts. of 
nitric acid of specific gravity H, and 8 pts. water, whereupon it melts into a yellowish 
mass, dissolves slowly without evolution of gas, if constantly stirred, and then 
gradually deposits crystalline teropiammone. The liquid is filtered through asbestos ; 
the filtrate saturated with potash-ley; the solution again filtered from precipitated 
cotarnine, and concentrated to a small bulk; crystallised nitre is removed, and the 
mother-liquor freed from carbonate of potassium by precipitation with alcohol ; the 
alcohol is distilled off ; and the cooled residue treated with hydrochloric acid, which pre- 
cipitates opianic acid, hemipinic acid, and meconin. If this precipitate be dissolved in 
a large quantity of boiling water, meconin crystallises out on cooling (mixed with a 
little opianic acid, if the quantity of water added was insufficient), and may be purified 
by recrystallisation from water or alcohol. (A nderson.) 

c. From Opianic acid. — 1. By the action of strong caustic potash. This mode of 
preparation is described under Hemipinic Acii> (p. 142).— 2. By the action of nascent 
hydrogen. Sodium-amalgam is warmed for several “flours in an aqueous solution of 
opianic acid ; and the meconin is precipitated from solution by hydrochloric acid. 
The formation of the meconin in this case is not due t-o the action of the caustic soda 
formed from the sodium -amalgam : for it takes place in a dilute solution, and at a 
temperature very much below that at which opianic acid is decomposed under the 
influence of alkali ; the quantity of meconin formed is also considerably grrater than 
that which is produced under the latter circumstances, 5 grins, opianic acid decom- 
posed by sodium-amalgam having yielded 3 65 grms. of pure meconin, whereas, 
according to the first of the two equations above given, it should, when decomposed by 
alkalis, yield only 2*3 grms. meconin. Moreover, opianic acid is similarly converted into 
meconin by the action of zinc and dilute sulphuric acid. (Matthiessen and Foster.) 

Properties. — Meconin crystallises in hexagonal prisms with dihedral summits. It 
is perfectly colourless ; has no smell ; and appears tasteless at first, but exhibits a veiy 
acrid taste as it dissolves in the mouth. 

It melts at 90° (Couerbe) ; between 98° and 99° (M. and F.) to a colourless liquid, 
which retains its fluidity till cooled to 75°. At a higher temperature, it boils and distils 
Without alteration, solidifying to a fatty mass on cooling. 

A hydrate of moeouin was once obtained by Anderson, in decomposing meconin 
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with nitric acid : it resembled the anhydrous compound, but was lighter, and did not 
melt below 96°. 

Meeonin dissolves in 265*7 pts. of cold, and 18*5 pts. of boiling water ; in alcohol 
and ether it is still more soluble. It is dissolved by the fixed, alkalis, but ie nearly’ 
insoluble in ammonia. When heatod to 100° until aqueous ammonia , it yields a solu- 
tion which may be evaporated over sulphuric acid at ordinary temperatures, but from 
which meeonin it precipitated uii addition of water (Mat th i cssen and Foster). — Its 
aqueous solution precipitates basic act late of had, but not the neutral acetate. 

Meeonin dissolves without alteration in dilute sulphuric acid \ forming a colourless 
solution which becomes dark green when evaporated: if alcohol be then added, the 
liquid acquires a rose colour : but as the alcohol evaporates, the green tint returns. 
Tho green solution deposits brown Hocks when mixed with water (Couerbe). With 
strony sulphuric add, meeonin forms a colourless solution which becomes purple whon 
hotted, and brown on addition of water, depositing at the same time a brown precipi- 
tate, which dissolves with rose colour in alkalis. JS'itric arid, either dilute or concen- 
trated, converts meeonin into nitromeconin, with evolution of red vapours. With 
peroxide of had and dilute sulphuric arid, it gives off carbonic anhydride, and forms an 
amorphous substance which remains dissolved. 

With chlorine, meeonin forms ehloromeeonin (Anderson). According to Couerbe, 
chlorine acts but slightly on meeonin at common temperatures, but. is rapidly absorbed 
by melting meeonin, forming a red and then a dark brown mass, which melts at a 
higher temperature than meeonin, and forms on cooling a crystalline mass containing 
mechloic acid (p. 859), meeonin-resin, ami 25*5 per emit, chlorine. Meeonin is not 
altered by iodine , but when treated with chloride of iodine, it. forms iodotneeonin. With 
bromine-water, it forms bromomccoiiin. 

Meeonin dissolves without alteration in cold hydrochloric acid; but when heated 
with three times its weight ot strong hydrochloric acid to 100 ’ in a sealed tube, it. is 
decomposed, with formation of an acid ‘containing C”H H <>‘, and separation of chloride 
of methyl, which quickly volatifises when the tube is opened: G ,p JI ,0 O 4 4 1IC1 * 
cni*0 l + Cl PCI (Mat t. hies e n ami Foster, unpublished experiments). A similar 
decomposition is produced by hydrwdie acid. From these results Mafthiessci! and 
Foster conclude that meeonin is a methylated compound; and although the propor- 
tion of methyl contained in it has not been experimentally determined, they infer, 
from tho analogy of other derivatives of narcotine (</. v) that its rational tormula ih 

(CIPO)"" J Q 9 . t j, at t0 say that it is the dimethyluted derivative of a compound, 

(C H*)* J 

not 't isolated, wliich may bo called normal meconi n. 

Substitution Derivatives of M*. con in. 

When bromine-water is gradually added to aqueous 

IIICL-W.n.i tiynuun w - separate out, and may be puritled by recry stal lisa- 

tiim from boiling alcohol. It form* colourless needles, which melt at 107°, nml Mlim, 
in other respect? like cliloromeeonin. It dissolves sparingly m water, more readily in 
alcohol and ctlu". (Anderson, Ann. Ch. Pharni. xcvm. 18.) 

Cbloromeconln. C I *II*C10*. When cblorine-gns is passed inln » cold saturated 
none, ms solution of meeonin, an abundant crop of crystal* quickly separates, consisting 
of cliloromeeonin, which may he purified by reeryelalhsat.on from » coho 1 
wise piod need when dry clilorino-gn* is passed over molted meeonin It crystallist* 
in cofourless needles, which melt at 1 7fi°, and sublime nndeenmpwd at higher tem- 
peratures. It dissolves sparingly in cold, somewhat more freely in boiling va/hr, in 
Zlkalis to about the same amount as in water, and without decomposition. It is solublo 

111 uTltssolves "in *eold sulphuric acid, assumes n greenish-blue colour when heated 
tlierawith, and ot. subsequent addition of water, deposits brown Hocks which d.ssolvo 
with red colour in alkalis. It dissolves with red colour in mine ax-id.wd is decotil- 
1 X) 8 C<I when heated therewith. (Anderson, Ann. Ui. I harm xcvm. 17.) 

fiutomecottlOi ( ,| *H»J0 4 . — When chloride of iodine in added to aqueoUN meeonin, 

J .. m ; xrure to itself for several daya in a warm place, long crystal* iorm in it* 
^IndnaUd by fr.m Imline. Tiny are \mrified by -crystallisation from helm* 

"omeconin forms colourless needles, which melt •» 

It i* nearly heat with 

temperature «WHK> Ji X « n" upharic acid, forming a dark-coloe.red lit.uid 
It-" S ; td .rdioompr. by ra'Jacid, with separation of iodine. (Antler- 

non, loc. crt.) 

sritromeconln. 


Bromomeconin. C ,u H“iir0 4 .- 
meeonin, crystals of bromomeconin sep; 


C'° 1 PN 0 * — C ,# 1 P(N 0 2 ) 0 4 . Meeonin dissolves abundantly in 
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cold concentrated nitric acid, the solution giving off red fumes when heated. Or 
diluting with water, bulky crystals separate, which may be obtained pure by washing 
and recrystallisation from boiling alcohol. 

Nitromeconin forms white needles and prisms, melting at 160° to a transparent 
liquid, which solidities in the crystalline form on cooling. It is neutral, dissolves 
sparingly in cold, somewhat more freely in boil in g water ; it is insoluble in hydrochloric 
acid , but dissolves in cold strong nitric acid , separating in flocks when the solution is 
diluted. In cold ammonia and potash, it is not more soluble than in water. It is not 
precipitated by metallic salts. It dissolves in boiling alcohol and ether. 

Heated in small quantities on platinum-foil, it volatilises almost without decompo- 
sition, leaving only a small quantity of charcoal ; but, if heated in a test-tube, it 
decomposes suddenly, and leaves a large quantity of porous charcoal. Boiled with 
ammonia or potash, it forms, without decomposition, a yellow solution which does not 
deposit anything on cooling or on addition of acids. • 

MECONXUM. A substance occurring in the intestinal canal of the foetus, and 
voided soon after birth : it consists, in fact, pf the bile of the foetus, which is gradually 
poured into the intestines, and has there undergone a certain amount of alteration. - 
Jt is a pitchy substance, of a dark brown-yellow colour, and the consistence of honey. 
Its odour is for the most part faint, and only occasionally unpleasant ; taste mawkish, 
and slightly sweet. It stains linen permanently yellow. In water it swells up to a 
bulky mass, in which the microscope shows epithelium-cells, small round bodies, 
probably consisting of decolorised blood-corpuscles, and a considerable number of 
rhombic tablets of cholesterin. Accenting to Simon, dried meconium contains 16 pts. 
cholesterin, 10*4 extractive matter and bile-resin, 34 casein, 6 pieromel, 4 biliverdin, 
26 cells, mucus, and perhaps albumin ( = 96 4). The cholesterin is extracted by ether, 
the extractive matter and bile-resin by alcohol. Aqueous alcohol takes tip the casein 
together with pieromel; the biliverdin maybe dissolved out by alcohol acidulated with 
sulphuric acid. 

According to John Davy, meconium contains 72 ? pts, of water, 23 '6 nutcus and 
epithelium-cells, 7'0 cholesterin and margarin, and 3 0 olein and biliary colouring 
matters. 

When burnt, it leaves an asli consisting chiefly of ferric oxide and magnesia, witli 
traces of calcic phosphate and sodic chloride. According to Payen, it contains common 
suit, alkaline carbonate and calcic phosphate. (Handw. d. Chom. v. 143.) 

ltt£3>ICAOO SATXVA. Lucern. — The composition of the ash of this plant, as 
determined by Way and Ogston, is given under Foddf.u (ii. 680). 

XMXSSZCXJM’XZIRy OXX> OX*. This oil, obtained by expression from the seeds of 
Jatropha C ureas , is white, scentless, has a density of 0 91 at 19°, and solidifies to a 
buttery mass at — 8°. It is nearly insoluble in alcohol, has a sweet taste, and alters but 
very little on exposure to the air. It is not easily saponified by potash, but soda 
easily converts it into a hard white soap, containing oleic and isocetic acids. Nitric 
acid converts the oil into suberic acid : pernitric oxide does not solidify it completely. 
When heated with ammonia, in a sealed tube, it is converted into isocetamide. 

XVXEXXTXSXTZ:. Calcio-uraiiie sulphate, occurring near Adrianople. (See Sul- 
phates.) 

MEDULX.XC AC XX). 0 2, H 42 0 7 . — A fatty acid produced, together with oleic and 
palmitic acids, by the saponification of beef-marrow. It forms 10 per cent, of the 
acid mixture thus obtained. Melting point 72*5°. (Eylerts, Arch. Pharm. [2] civ. 129.) 

2K£DtXX.X.XKT. A name applied by Braeonnot to cellulose obtained from the pith 
or medulla of certain plants. 

MEERSCHAUM. (Sea-foam : from its apparent lightness and whitish colour.) 
A hydrated silicate of magnesium, 2Mg0.3Si0V2H 2 0, ort3lg-Si*0\2H 2 0, occurring in 
stratified earthy or alluvial deposits on the plains of Eskihi-sher, in Asia Minor; also 
in Greece, at Hrubsehitz in Moravia, and in Morocco. It is compsict, smooth to the 
touch, and of fine eart hy texture. Hardness = 2 to *2*5 ; impressible by the nail. It is 
opaque and white, sometimes with a greyish, yellowish, or reddish tinge. When 
heated in a tube, it gives off water, blackens, and emits a burnt smell. Before the 
blowpipe on charcoal it burns white, and melts on the thinnest edges. It dissolves 
readily in borax to a transparent glass, and exhibits a lilac colour with cobalt -solution. 
Hydrochloric acid dissolves it, with separation of silica. 

Analyses* — 1. is by Lye hn ell (Kongl. Vetonsk. Acad. Fbrhandlingar, 1826, p. 175); 

2. By humour (Ann. Ch. Phvs. [3] vii. 316): 




SiO* 


ll’O Ft*u® AI*tP C.O 

K*(> 

Sand 

1. 

Asia Minor 

60-87 

2780 

11*29 009 . . 


— 

2. 

Morocco 

55 00 

2800 

10-35 1-40 1 20 101 

0 52 

1-50 = 
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The formula above given requires 6Q.9 silica, 26 1 magnesia, and 12 0 water. In 
these analyses, the mineral was first dried over sulphuric acid to expel hygroscopic 
water (of which, being porous, it. contains a considerable quantity), and the combined 
water was then driven off* by heat. The mineral is often mixed with more or less 
csirlnmutc of magnesium, by the decomposition of which it appears to lmva been 
produced. (J. L. Smith, Sill. Am. J. [2] vii. 286.) 


MCBXXiBSt. The German name for the heaps or stacks of timber piled up for burn- 
ing into charcoal. (See Carbon, i. 760.) 

MCBXW. A body obtained by Reinsch from Athamanta Afnnn. The root, after 
exhaustion with hot water, is treated with alcohol of 70 per cent. ; the alcohol is 
removed by distillation, and subsequent spontaneous evaporation; and the residue is 
digested with ether, which extracts the mein. On evaporating the ether, the mein 
remains as a thick, yellow, inodorous, combustible oil, having u burning taste, and not 
volatile without decomposition. (Handwortcrburh.) 


MSOABROKITB. A variety of ehlorobromide of silver from Chile, crystallised 
in cubes and octahedrons containing Ag w Iir'Cl 4 , or 4AgC1.5AgBr. (See Sii.vkh.) 

MEXONZTE. A calcio-aluminic silicate from Sonuna, whore it occurs in small 
dimetric crystals, in geodes, usually in limestone blocks. Ratio of the principal to the 
secondary axes » 1 : 0-439. Angle P : P in the terminal edges =- 136° 11': in the 
lateral edges =. 63° 40' ; these angles art* nearly the same as those of soapolito (i/. a.). 
Observed combination qoPqo . cop.P , ooP3 . Pao . 3P3 . oP Sometimos hemihedral 
in the planes 3P3, the alternate ones being wanting. Cleavage parallel to ct-l’ae and 
ooP, rather perfect, but often interrupted. 

Hardness =■ 5 5 to 6. Specific gravity 2 5 to 2 7 t. Lustre vitreous. Colourless to 
white. Transparent to translucent ; often cracked within. Before the blowpipe it 
melts to a colourless glass; forms also a. clear glass with soda. According to v, Hath, 
the mineral when pure, dissolves completely In moderately strong hydrochloric acid ; 
but on heating or evaporating the solution, tin* silica separates in the pulverulent form. 
According to L. Gmelin and KoheJI, it. gelatinises with hydrochloric acid. 

Analyses: a. L. Gmelin (Schw. J. xxv. 36; xxxv. 345). — A. Strom eyer ( Vnt*r - 
snehnngen, p. 373). -c. Wolff (J)e compositione Kckehergitif, Sea pal it hi et Mtjonitis, 
Dissertatio , Berolini, 1843). — d. Rat h (Pogg. Ann. lxxxii. 288). 
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With noinr lithia. 






These analyses lead to the formula 3(2CaO.Si(P) + 2(2ABOV38iO‘0, or CaUl^O™ 
which, substituting al - 1 Al, may be reduced to an orthosilicate, R'SiO 4 . (Dana, ii. 200. 
- — liamrmdsbcnj h Afinerolchcmie, p. 714.) 

MJBXiA.GOJVXTB. Native cupric oxide, found at Copper Harbour, Kowonaw 
Point, Lake Superior (ii. 68). 

MELA.XN. This name is given by Bizio to the black substance whieh isdejosited, 
together with the carbonates of calcium and magnesium, when the dried residue of tho 
so-caMnl ink of cuttle-fish is stirred up with Mater. It is contained in a peculiar 
bladder whieh the animals eject on the approach of their enemies, to render the water 
Opaque. It may be obtained pure by boiling the above-mentioned residue witli water, 
then with alcohol, lastly with hydrochloric acid, and washing with water containing 
a little carbonate of ammonium. It is insoluble in water, alcohol, and ether, but 
remains suspended in water for a long time. It dissolves in strong nitric and sulphuric 
ucids, not in hydrochloric or acetic acid. Strong caustic potash dissolve it, forming n 
dark brown liquid, which is precipitated by sulphuric and hydrochloric acids. It is 
not. dissolved by alkaline carbonates. These characters are very si mi Ur to those of 
the black pigment of the eye. (Hundw. d. Chern. v. 160.) 

MBXdtXtETTCA LEVCODBUDBOIT* The tree which yields cajeput-oil 
0*. 710.) 

MELAM. C®N M H* or C*N # II‘? (Liebig, Ann. Cli. Pliarm. x. 10 ; liii. 240. — 
Knapp, i bid. xxi. 242.— Volckel, Pogg. Ann. lxi. 367 ; Ixiii. 90.— Oerh. i. 464.)— 
A compound obtained as a residue when sulphoeyanatoof ammonium is hcah-d. This 
salt decomposes at a temperature a little above the boiling-point of water, first giving 
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off ammonia, then sulphide of carbon in considerable quantity, and sulphide of 
ammonium, and leaving a residue which Liebig callsc rude melam. On boiling this pro- 
duct with moderately strong potash-ley, till the greater part is dissolved, and leaving 
the filtered liquid to cool, melam is deposited in the form of a white granular powder. 
Instead of sulphocyanato of ammonium, Liebig finds it preferable to heat a mixture of 
equal parts sal-ammoniac and sulphocyanate of potassium, stirring constantly till no 
more vapours of sulphocyanate of ammonium are evolved, and sal-ammoniac begins to 
sublime. The mass is then exhausted with cold water, and the residue is dried and 
gently ignited. 

Volckel prepares melam by heating sulphocyanate of ammonium in a retort, exhaust- 
ing the residue with cold water, and then with boiling water. The first decoctions 
deposit a bulky matter; the last, on cooling, yield melam in the form of a white 
powder. 

Melam is a white granular powder insoluble in cold water, also in alcohol and ifft 


ether. It yields by analysis the following numbers : 

Liebig. Volckel. 

Carbon 30 49 . . 28*37 

Hydrogen ...... 3-94 . . 477 

Nitrogen ...... 65*67 . . 66*86 

"Too-oo ioo*o(7 


Liebig deduces from his own analysis the formula C 8 N n H tt (calc. 30*63 carbon and 3 *8 
hydrogen); according to which, melam maybe regarded as hex cyan ope lit amide, 
C U N ° ) 

or as a compound of 2 at. tricy a ti t mid e with 3at. ammonia --2Cy*N. 3 IPN. 

Gorlmrdt, on the other hand, prefers the formula C 3 N tt H rt , which agrees better with 
Volckel' s analysis (calc. 28*57 carbon, 4 76 hydrogen, and 66 67), and represents 

melam as isomeric or polymeric with melamine or cy auuro- 1 ri am i de, |n 3 . 

lly prolonged boiling witli caustic alkalis, melam is converted into melamine, winch 
separates on evaporation or as the liquid cools. The mother-liquor contains ammeline, 
which may be precipitated by acids, together with ammelido ; and the latter, by the 
continued action of the alkali, is ultimately resolved into ammonia and cyunurie acid. 
These changes may be represented by t ho following equations: 


(1, «.) 

C 8 N"ll 9 

Melam. 

+ 

211*0 = 

2C S N’1I :, 0 

Ammeline. 

+ 

Nil 3 

or (1, h.) 

C 8 N*H U 

M elam. 

+ 

IPO « 

C a N a H*0 

Ammeline. 

+ 

NH 3 

(2.) . . 

C*N s IPO 

Ammeline. 

+ 

H*0 - 

C s N 4 H 4 0* 

Aimnelule. 

+ 

Nil 3 

(3.) . . 

C 3 N*H 4 0* 

AmmelUle. 


IPO = 

C 3 NTP0 3 

Cyanuric 

acid. 

+ 

Nil 3 


If Gerhardt’s formula of melam be admitted, the formation of melamine is a case of 
mere polymeric transformation: according to Liebig’s formula, on the other hand, the 
melamine is produced by assumption of ammonia eliminated in the formation of the 
other products above mentioned : 

C ,; N"H 9 + NH 5 = 2C*H*H* 

Mr lam. Melamine. 

Melam is resolved by heat into ammonia and mellone ^or liydromellone (perhaps thus: 
C*N ll H* — 2NH S + C*N 9 H 3 ). When boiled with dilwte hydrochloric or sulphuric acid, 
or when treated with nitric acid, it yields ammeline ; WT-th concentrated sulphuric acid, 
the same, together with ammelido. 13y boiling with strong nitric acid, it is converted into 
cyanuric acid ; and by fusion with hydrate of potassium, it forms cyanate of potassium. 

According to Volckel, melam absorbs hydrochloric acid gas, forming the compound 
C 3 N c HUICl. * 

MULAMIVE. C 3 N fi H®. — Syn. with Cyanuramide (ii. 287). 

M1LAMPVRIN or M8LAMPTSZT8. Syn. with Dulcitb (ii. 348). 

MBXiAWjBlSPBA&T. A kind of bituminous coal found in Nova Scotia. 

MBIAVCBLOR. A blackish-green phosphate of iron from Rabonstein, contain- 
ing in 100 pts. 38-9 per cent, ferric and 3*87 ferrous oxide, besides manganous oxide 
and 9 to 10 per cent, water. (F u^iis, ,T. pr. Chem. xvii. 171.) 

MEldNOLAlTCS. Native sulphide of silver. (See Silver.) 

MUANBT8XXTB. A mineral found in the greywucke formed from decom- 
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popod basalt in the Schmclzerthal, near Honnef on the Rhine. It is deposited in the 
rock in amorphous nodular particles, of conehoidal fracture ; opaque, with velvet-black, 
sometimes brownish-black colour, and blackish -brown streak ; small lumps ail here to 
the tongue; it does not fall to pieces in water. Specific gravity « 1*820 Rammels- 
berg found in it ; 

SiO* Al‘0 1 Fr , 0 1 FeO MnO M^O CnO 11*0 

41-63 18-72 2 36 7 83 2*51 6 23 1*67 3071 ~ 100-66; 

whence the formula 3M'U2R*0 8 .6Si0M2H 3 0, showing that the mineral is rotated in 
composition to palagonite. (Krantz, Jahresb. 1859, p. 796.) 

MS&ASTXC AC». C» B H S (P. (Piria, Ann. Ch. Phys. [2] Ixix. 281.)— A black 
substance produced, together with acetate of potassium, bv the oxidation of sulicylido 
of potassium. This compound, when exposed in a slightly moist state to the air, 
bwomes covered with spots, which are green at first, but ultimately become quite 
black. This change does not take place in an atmosphere free from oxygen ; but if the 
experiment be made under a bell-jar filled with oxygen, the whole of that gas is 
gradually absorbed, and no other gas is evolved. 

The reliction may be represented by the following equation : 

2C 7 H‘K0 3 + 0 s + 2IPO - C ,0 II 8 0» + 2C 3 IPKO*. 

Salicylide of Melanie Acetate of 

potaailum. add. potaaiium. 

When the transformation is complete, a carbon acoous nines remains, from which 
water extracts acetate of potassium, while melanic acul romains undissolved in the form 
of a powder resembling lamp-black. It is tasteless, insoluble in water, very soluble 
in alcohol, ether, and alkaline liquids, and precipitated from the lutter by acids. It 
decomposes alkaline carbonates. 

Melanie acid gives by analysis 56*26 and 50 56 per cent, carbon, and 4 01 hydrogen: 
the formula C lo H*0 # requires 69*69 carbon, 3 84 hydrogen, and 38 47 oxygen. 

A black substance having nearly the same composition is obtained by the action of 
alkalis on quinone. 

Melavate of ammonium is obtained by digesting melanic acid with ammonia. 
Mdanate of silver is a black precipitate containing 27 27 per cent, carbon, 196 
hydrogen, and 48 00 silver. 

MELAVILINB. See Aniline, Derivatives of, under PhknYlaminks. 

MELANIN. The black pigment of the eye (ii. 616). 

MCSXiABTXTE. A black caleio-forric garnet (ii, 772), found chiefly near Albano 
and Frascati, in the neighbourhood of Rome. 

MBLANOCARBZMIDE. C H H"N"0.— A substance probably formed by the 
decomposition of melanoximide ( q . v.). 

MELANOCHIN, A doubtful product, formed, according to Brandos nnd 
Leber (Arch. Pharrn. xv. 259), together with several others, by the action of ammonia 
and chlorine upon quinine (y.v.). 

MELANOCHROITE. A basic chromate of load, Fb0.4PbCrO\ found at 
Beresof in tho Ural (i. 934). 

MBLA1TOOA&LIO ACID. Syn. with Mrtaoaluc Ann. 

MBLANOLITB. A mineral having the aspect of chlorite, from Milk Row 
Quarry, no«r Charlestown, Massachusetts. It is bhick an<l opaque, with a striated 
surface, and somewhat columnar structure. .Streak dark olive-green. Hardness 2. 
Specific gravity ■■ 2*69. According to H. Wurtz, it contains 30*86 per cent, silica, 

3 92 alumina, 20*25 ferric oxide, 21*97 ferrous oxide, 1*62 soda, and 8*94 water, with 
1277 carbonate of calcium = 100*33, This composition, deducting thp calcic car- 
bonate, may be represented by the formula 2(MO.Si0 3 ).R 1 0 , .8i0 3 ■+ 3ll f O ; but tho 
mineml is perhaps not of constant composition (Dana, ii. 288). Hummels berg 
( Mineralchemie , p, 539) observes that it is near Hisingorite. 

anaiAN OXIMIPB. C ,8 U ,4 N*0*. — A product of the decomposition of cyano- 
melaniline. (See Mklaniline, under Phkny la minks.) 

wsra w TixiTM . Native ferrous sulphate. (Sec Sulphates.) 

MB&AWntBVXC ACID. See Cyanuuamic acids (ii. 287). 

IHLAFBTBB. The name given by Von Buch to a porphyritic rock, consisting 
of a black or blackish-grey matrix of labrador and augite, in which are imbedded 
crystals of the same minerals, and sometimos. as accessory constituents, uniaxial mica, 
hornblende, and iron pyrites. It sometimes has the structure of almond-stone, with 
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spherical and almond-shaped nodules of calcs par, zeolites, &c. Melaphyre occurs in 
the Alps, especially in the Fossa valley, and near Klausen, in the Tyrol; also in the 
Lower Rhine, on the Fichtelgebirge ; at Friedrischrode, in the Thunnger Wald; and 
at Holmestrand, in South Norway. 

2VX22X.ASSXC ACID. A black acid, produced, together with glucic acid (if. 848), 
by heating glucose with caustic alkalis. When glucose is melted at 100 °, and a hot 
saturated solution of baryta is added, a very violent action takes place, giving rise in 
the first instance to the formation of glucic acid ; but if the mixture be exposed for 
some time to a high temperature, it becomes continually darker in colour, in conse- 
quence of the formation of melaesic acid. On dissolving the residue in water and 
precipitating by hydrochloric acid, melassic acid is deposited in black flocks insoluble 
in water, but soluble in alcohol. It contains, according to Peligot’s analysis, 619 
to 61*0 per cent, carbon, and 5*3 to 5 4 hydrogen. The formula C la H lo 0 5 , requiring 
6T9 carbon, 4*3 hydrogen, and 33*8 oxygen, agrees with these results so far as the 
carbon is concerned ; but the amount of hydrogen found by experiment is too large 
for it. 

HKfiZiSKTE. C 30 !!* 0 . Paraffin of Wax. (Ettling, Ann. Ch. Pharm. ii. 252.— 
Lewy, Ann. Ch. Phys. [3] v. 395. — Brodie, Ann. Ch. Pharm. Ixxi. 156.) — A sub- 
stance homologous with ethylene, &c., produced by the dry distillation of hydrate of 
myricyl and of myricin. It may be prepared by subjecting bees’- wax to dry distilbit ion, 
treating the product with potash, to saponify the fatty acid formed at the same times ; 
decanting the soap from the mixture of melene and oily hydrocarbons ; and distilling 
tins mixture, which then gives off, first, the oily hydrocarbons, and, lastly, the rneleim, 
when the heat is considerably increased. The product is purified by pressure and iv- 
crystallisation from boiling ether. It is generally necessary, however, before crystal- 
lising it, to rectify it over caustic potash, in order to remove a small quantity of an 
oxygenated substance with which it is still contaminated. 

Melene crystallises in perfectly white nacreous scales, inodorous and tasteless, of 
specific gravity 089. It melts at 62° (Brodie), at 33*5° (Et tl ing), at 47*8° (Lewy), 
and solidifies in a waxy mass on cooling. Boils between 370° and 380°. Vapour- 
density, by three experiments, between 10*0 and 11 * 8 : the determinations were, how- 
ever, rendered inaccurate by partial decom position. It is insoluble in water and in 
cold alcohol, but dissolves in boiling alcohol, aud easily in ether, and in oils both fixi-d 
and volatile. 

Melene is not attacked by potash or soda , even at the boiling heat. Sulphuric arid 
does not attack it at ordinary temperatures ; but on applying heat, part of the melene 
is carbonised, while the rest sublimes. It is but slightly attacked by boiling nitric acid. 
Chlorine attacks it, producing, under certain circumstances, a body containing a consi- 
derable amount of chlorine. 

Belated to melene are the several mineral tallows, distinguished as fchtelitc, hartitc , 
hatchetin , ixolyte , katnlite , ozokerite, schcererite , tfc. 

MBLENEi SXTLPHIDE OP. This name was applied by Volokol to a sulphu- 
retted residue obtained, together with others (called respectively sulphide of alphtnt, 

,vf tnthene, xuthnu , &e.), by the action of heat on persulphoeyunic acid. These residues 
are yellow or brown powders varying in composition according to the degree of heat 
applied, and are probably mci*e mixtures. (See Gmelin’s Handbook , ix. 394.) 

IMCBDSITXir. This name is given by W. Stein (J. pr. Chem. lxxxv. 351) to the 
substance produced, together with glucose, by the action^ of acids on rutin. This sub- 
stance, according to most authorities, is identical with quercetin, but, 

according to Stein, it differs from quercetin, and the composition C^H'^O* It 
forms yellow crystals which act on polarised light, aild.reduce potassio-cupric tartrate. 
(See Quercetin and Rutin.) 

MELIN. See Rutin. 

MBLINOPHANE. A mineral from the zircon-syenite of Norway, nearly related 
to leneophane. The crystals are optically uniaxial, but it has not been determined 
whether they are dinieti ic or hexagonal. It also occurs massive, with a scaly and 
sometimes foliated structure*; cleavable in one direction. Hardness — 5 . Specific 
gravity =3*0. Lustre vitreous. Colour, sulphur-, citron-, or honey-yellow. Not 
phosphorescent. Brittle.' It contains, according to an approximate analysis by Richter. 
44*8 per cent, silica, 2*2 glucina, 12 4 alumina, 1*4 manganic oxide, 1*1 ferric oxide, 
31*5 lime, 0*2 magnesia, 2*6 soda, 2*3 fluorine, and 0*3 nickel-oxide, zircon ia, ceric 
oxide, and yttria. 

MfiXiZIZITOflB. C ,2 H w O n .— A kind of sugar discovered in the manna of Brian- 
9011 (p. 822) by Bor.astre, and further investigated by Bert he lot (Ann. Ch. Phys. 

[3] lv. 2812). The extract of this substance prepared with boiling alcohol deposits 
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melizitose after being evaporated to a syrup, and left to stand for several weeks; the 
product may be purified by recry s tall isation from boiling alcohol. 

Melezitose forms very small, short, hard, shining crystals, resembling those of cano- 
sugar under the microscope, white and mealy when seen in mass ; it effloresce*) readily 
when exposed to the air, and gives off 4 per cent, of water when heated ; melts below 
140° without further alteration, and solidifies to a glass on cooling. It is about as 
sweet as glucose. Dextro-rotatory ; for the transition-tint, [a] ■» 94*1° for 

It dissolves readily in water , and is precipituted by an ammoniacal solution of neutral 
acetate of lead. It is nearly insoluble in cold, slightly soluble in boiling alalhol, quite 
insoluble in ether. Absolute alcohol precipitates it from the aqueous solution. 

Melezitose decomposes at about 200°. It is carbonised by cold strong sulphuric acid, 
quickly turns brown with boiling hydrochloric acid, and forms oxalic acid with nitric 
acid. By an hour’s boiling with dilute sulphuric acid, it is converted into glucose. In 
cofftaet with yeast, it p.isses slowly, or sometimes not at all, into vinous fermentation. 
It is not altered at 100 J by aqueous alkalis , and scarcely by potassio -cupric tar - 
irate. 

MSLILOT-CAMP H OR. See Coumadin (ii. 93). 

MELZNVM. Syn. with Cadmium. 

MEIiISSA, OXI* OX*. A volatile oil contained in balm {Melissa officinalis), 
most abundantly at the flowering time, and obtained from it by distillation wit h water. 
It is colourless or pale-yellow ; of specific gravity 0 85 to 0*82 ; has a peculiar odour; 
reddens litmus slightly. According to Bizio (Brugn. Uiorn. xix. 300), it contains a 
camphor in solution. It dissolves in 5 to 0 pts. of alcohol of specific gravity 0-860. 
it dissolves iodine, with great, rise of temperature and evolution of vapour, and becomes 
viscid. With nitric acid, it turns brown, gives off a large quantity of gaa when 
heated, and becomes resinous. (Zeller, Stud, uber iilhtT. Ode. , Landau, 1860.) 

MBLXBSXC ACID. ^jo. — (Brodie, Ann. Ch. Pharm. 

Ixxi. 160.) — A fatty acid obtained by treating hydrate of myrioyl (melissic alcohol) 
with potash-lime. It bears considerable resemblance to cerotic acid (i. 830), but melts 
at a higher temperature, viz. at 88° or 89°. According to Brodie 1 s analysis, it contains 
7919 to79-97 per cent, carbon, and 13 00 to 13 03 hydrogen (calc. 79 01 carbon, 13-27 
hydrogen, and 7 09 oxygen). The silver salt, C 30 iP"Ag0 2 , is a white precipitate con- 
taining 19 30 to 19 74 percent, silver (calc. 19-30). 

MZXX.XS8X1V. Syn. with Mkljssic Alcohol, or Hydrate of Myuicvu (See 
Myrioyl. 

MELITOBEi <J ,2 H v2 0". — A kind of sugar obtaim-d from the manna which 
falls in opaque drops from various species of Eucalyptus growing in Tasmania. It was 
first, recognised as a distinct substance by J oh ns ton (Morn. Chorn. Noe. i. 169), more 
fully examined by Bert helot (Ann. Ch. Phya. [3 1 xlvi. 66. — Chemut ory unique. 
Par. I860, ii. 260). It is extracted from the manna by water, and crystallines in 
extremely thin interlaced needles, having a slightly saccharine taste. 

The crystals of melitosc are hydrated, containing C“'ir*’ v ’0 ,, .3H* , 0. They give off 
2 at. water at 100°, and become anhydrous at 130°. They dissolve in 9 pts. of cold 
water, very easily in boiling water, and dissolve also in boiling alcohol more freely 
than mannite. The alcoholic solution yields small but well-developed crystals. The 
aqueous solution turns the plane of polarisation to the right : for the transition-tint 

^Melitose heated with dilute sulphuric acid is resolved into a fermentable sugar 
(probably dextro-glucoae), and non-fermentable euculyn (ii. 001): 

CiiUwo" + IPO = CT1 ,2 0* ♦ C*1P 2 0* 

Melinite. (ilucote. KucaJyn. , 

Melitose ferments in contact with yeast, but it is resolved, in the first instance, into 
glucose and eucalyn: consequently, since the latter is un fermentable, the quantUies of 
alcohol and carbonic anhydride obtained from it are only half of those which would 
bo yielded by an equal quantity of glucose*. It does not reduce an alkaline cupric 
solution, and is not altered by boiling with dilute alkalis or with baryta-water. It ,s 
oxidised by nitric acid, yielding a certain quantity of mucic acid, together with a 
large quantity of oxalic acid. 

MB1LAKIC ACXD. Syn. with Euchboic acid (ii. 601). 

MBLLAV. Syn. with Melloxb. 

KELldC ACID. Syn. with Mkllitic A cm. 

! TE T i Ti T T T, r,B - — - Rurnltol dtil ite. So/ncrviUite. Zurlitc. — A silicate occurring OB 
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Vesuvius and at Capo di Bove, near Rome, in dimetric crystals, in which the prin- 
cipal is to the secondary axes as 0 6432 : 1. Observed combination oP in p" 
ooPoo . P 00 . 00 P 2 . Angle oP : Poo = 147° 15’; Poo ; Poo (over ooPoo ) = 65° 3n'* 
Poo: Poo (over terminal edge) = 134° 48'. Cleavage basal, distinct. Hard 11 eJ 
= 5. Specific gravity =» 2*9 to 3-104. The crystals are brown or yellow, with vitreous 
lustre, generally translucent, sometimes opaque. Fracture conchoi’dal to uneven. Be- 
fore the blowpipe it fuses with difficulty to a yellowish or black glass. Gives, with 
fluxes, the reactions of iron and silica. Gelatinises with acids. 

Analyses.— a. Humholdtilite, from Somma, byKobell (Schw. J. lxiv. 293).— A, The 
same by Damour (Ann. CL Phys. [3] x. 59).— c, d. MeM/ite, from Cape di Bovc, 
by Damour (lac. cit.). 


a . 

SiO* 

43-96 

A1*0 3 

11-20 

Fe*0 3 

FeO 

2-32 

CaO 

31-96 

MgO 

6-10 

Na'O 

4-28 

K*0 

0-38 - 

100-241 

b. 

40-60 

10-88 

4-43 


31-81 

4-54 

4-43 

0-36 = 

98 05 

c. 

39-27 

6-42 

1017 


32-47 

6-44 

1-95 

1-46 = 

9818 

d. 

38 34 

8-61 

10-02 


32 05 

6-71 

2-12 

1-51 p= 

99-36 


Those analyses may be approximately represented by the formula 6(2CnO.SiO : ’) 
+ 2(A1 2 () 3 ; Fe 2 0*).3Si0 2 , which is that’ of an orthosilicate, the calcium being partly 
roplaced by magnesium, sodium, and potassium. 

Massive Gehienite , which contains, according to Kobe 11 (Kastn. Arch., iv. 31.3). 
39-80 per cent, silica, 12 80 alumina, 2 57 ferric oxide, 37-64 lime, 4 64 magnesia, 0 30 
potash, and 2 00 wator, may be included in the sumo general formula. 

Somervillite , occurring on Vesuvius in dull yellow crystals, has the angles of this 
species. (Doscloizea ux.) 

MSLLIMZDS. Syn. with Mellitimide. 

MfilLZTAMIC ACID. See Mellitic Acid, Amides of. 

TO. m«XiXTS, or Honeystone . — Native mellitut© of aluminium (p. 871). 

MBLLITIMIDE. See Mkllitic acid, Amides of. 

MELLITIC ACID. CHPO 12 = ^ jp ^ | O". Mdlic acid. MeHlthdiure. Ihmiy - 

stcinsdure. (Gra. x. 1. — Gorh. iii. 822. — liayer, Ann. Oh. Pharm. Suppl. vi. l.)~- 
This acid, which was discovered by Klaproth in 1799, occurs as meditate of aluminium, 
in honeystone or mellite, which is the only known sourco of it. There is a statement 
by Hun ofold (Schw. J., xlix. 215), that it may be produced by treating amber w ith 
hot hydrochloric acid ; but it has not boon confirmed. 

To prepare it, powdered honeystone is treated with solution of carbonate of ammo- 
nium, the liquid is boiled till the excess of the ammonium-salt is expelled ; caust ic 
ammonia is added to precipitate nny alumina that may have been dissolved ; the liquid 
is filtered and evaporated till neutral mellitate of ammonium crystallises out ; and this 
salt is purified by recrystallisation from water, a small quantity of ammonia being 
each time added, to reconvert the acid salt produced by evaporation of the ammonia 
into the crystallisable neutral salt. Tho purified nmmoniacal salt is finally dissolved 
in water; the solution precipitated with acetate of lead or nitrate of silver; the washed 
precipitate decomposed by sulphydric acid if it contains lead, or by hydrochloric acid 
if it contains silver; and the liquid filtered and evaporated, whereby tho excess of 
hydrochloric acid is expelled. (Wohler, Ann. Ch. Pharm. xxxvii. 263.) 

The lead-precipitate contains ammonia, which is tmnsferred to the separated acid. 
Either, therefore, the acid must be re-precipitated jWith acetate of lead ; tho precipitate, 
which still contains a small quantity of am m on i a gashed and again decomposed with 
sulphydric acid; and the acid thus liberated precipitated a third time with hydrochloric 
acid, in order to obtain a precipitate free from ammonia, and thence to separate the pure 
acidby sulphydric acid ; — or the ammonium-salt must be boiled with excess of baryta- 
water; the resulting barium-salt decomposed by digestion with dilute sulphuric arid; 
the liquid filtered and evaporated till it crystallises ; aud the crystals freed from 
adhering sulphuric acid by rocrystallisation. (Erdmann and Marchand.)^ 

To prepare colourless mellitic acid from the brown acid mother-liquor obtained in the 
preparation of mellitate of ammonium, the colouring matter may be precipitated by 
chloride of barium ; the mellitate of bariym thrown down from the filtrate by am- 
monia, or by boiling with acetate of ammonium, and converted into mellitate of ammo- 
nium by digestion with carbonate of ammonium ; — or the brown mother-liquor may be 
precipitated by a strong solution of sulphate of copper, and the crystallised mellitate 
of copper decomposed by sulphydrate of ammonium. — In precipitating the purified 
ammonium-salt by nitrate of silver, it is necessary to drop the former into an ex- 
ft** of the latter ; otherwise j*ecjpitate will retain ammouia. (Schwarz.) 
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Mellitic acid, as obtained by evaporation, is a white powder exhibiting searcelv 

nw flnnoannjM n.f < 1 1 • i * i . » . * 


_ . . ueible by heat, tastes strongly 

acid, and 18 permanent in the air. (Wohler.) 

The crystallised acid does not give off water at 100°, but at a higher temperature it 
sublimes partly unaltered : the greater portion is however decomposed, with separation 
of charcoal. According to Erdmann (J. pr. Chom. lii. 432), the sublimate obtained 
by heating mellitic acid consists ofpyromolliticacid, C^H'O*, which melts in the 
neck of. the retort, and solidifies in a radiated crystalline mass. Mellitic acid, when 
heated in the at>, burns with a bright sooty flame, leaving a large quantity of char* 
coal, which afterwards burns completely away. It is not decomposed by boiling tiifrto 
or sulphuric acid , but the latter dissolves it. 

Hollitates. — Mellitic acid, formerly regarded as a dibasic acid (C 4 H 2 0 4 ), has re* 
cently been shown by Bayer to be soxbasic. The mollitates are decomposed by heat, 
yielding a large quantity of charcoal, and a small quantity of products containing 
hydrogen. When slowly distilled with sulphuric acid, they yield pyromellitic acid, 
together with carbonic oxide, carbonic anhydride, and, towards the end, sulphurous 
anhydride. 

The mellitatcs of ammonium, potassium, and sodium dissolve readily in wator. The 
zinc- and manganese-salts dissolve more readily in cold than in hot water. The rest 
are insoluble or sparingly soluble in water. 

Mellit ate of Aluminium , Ai-0 3 .C> 2 0*.18H'0 - C ,I (A1*^ I 0 , *.18H*0. — This 
compound occurs native as mcllite or koneystone, in lignite, at Aston in Thuringia, near 
Bilin in Bohemia, and near Wulehau in Moravia, both crystallised and in massive 
nodules. The crystals are dimotric, exhibiting the combination P . oop . oP . P, &o., 
tho P -faces usually predominating. Length 6f principal axis = 0*7453. Anglo P : P 
(terminal) = 118° V ; P : ooP (lateral) = 03° 22 ; P : o°P - 120° 68'. Cleavage im- 
perfect, parallel to P. JLlarduoss = 2t<) 2 5. Specific gravity 1*66 to 1*042. Lustre 
resinous, inclining to vitreous. Colour honey-yellow, sometimes reddish or brownish; 
rarely white. Stroak white. Transparent to translucent, and with strong doublo 
refraction. Fracturo conchoidal. Scctilo. 

The crystals contain 14*6 per cent, alumina and 441 per cent, water of crystalli- 
sation, which is driven off* at a temperature near the boiling-point of sulphuric acid. 
Caustic alkalis decompose them, sotting the alumina free. They are dissolved by 
nitric acid, and separate from the solution without change of form or constitution. 

Native honeystono contains a small quantity of a yellow resin, to which it owes its 
colour, and probably also its odour. . , 

Mellitate of potassium, added to a solution of alum, forms a crystalline precipitate 
containing 96 per cent, alumina and 48 0 per cent, water; probably an acid salt. 
(Wohler.) . , 

Mellit at es of Ammonium.— The neutral salt, C ,3 (NH<) fl O‘*.0lFO, forms large 
shining transparent crystals, having a slight acid reaction. They exhibit two forms, 
probably with different amounts of water, both belonging to the trimetric system, but 
differing considerably in the angles. 

The crystals a are derived from an octahedron whose axes are to one another as 
V 3*290 : 7*881 : 1. Obsorved combination oP. ooP. aoPao .Poo . P o© . Anglo 

oP ; Poo =161° 8'; oP : P a>-l(J0° 24'; ooP : o°P = 144° 16'; ooP ; ooPao -122 6. 
The faces ooPoo are longitudinally striated. No cleavage parallel to oP. 

The < 

*/ 2*< 

« 144° c. , 

ooPao =120° 91'. Cleavage parallel to oP. 

The crystals give off 24*1 per cent, water (1 at.) at 100°, and at 150° decomposition 
takes place, with evolution of large quantities of ammonia and wator, and formation of 
paramide and euchroate of ammonium; 

C ,s (NH*) e O ,a = C^H'N'O 4 + 3NH* + 6H 2 0. 

Mellitate of FararaiUe. 

ammonium. 

C'^NH'^O 12 = C ,2 H*(NH*) 2 N 2 0* + 2NII* 4- 4H a O. 

Mellitate of ammonium. Kuchroate of ammonium. 

The acid salt C ,, H«(NH , )*0 ,, .4ll*O t is obtained by decomposing ammomo-cupno 
mellitate with sulphydric acid. It crystallises in trimetric prisms, having their lateral 
edges truncated. Observed combination oP . xV . coPao . <»P» , Angle oeP : 
ooP a 1 22® 

Mellitate of Barium, C«(B*")H>'*.3H*o; obtained by doublo decomposition, is a 
white gelatinous precipitate, which after a while cry*teUnwf in scales, or, if the solution 
Vol. UI. 3 K 


) faces ooPoo are longitudinally striated. No cleavage parallel to oP. 

?he crystals 0 are derived from an octahedron whose axes are to one another as 
2*676 * */ 7*923 : 1. Observed combination oP . P . odP . ooPoo. Angle oP : . P 
144° 44' * P : P = 146° 17' ; P : ccP ~ 125° 16' ; <*P : ooP - 119° 41'; ooP : 



872 MEJLLITJC ACID. 

from which it was formed were very dilute, in needles. Mellitic acid added to chloride 
of barium forms, after a few seconds, a precipitate composed of needle-shaped 
ciystals. 

Mellitate of Calcium is obtained on mixing mellitate of ammonium with chloride 
of calcium, as an amorphous precipitate, which soon becomes crystalline. Mellitic 
acid added to lime-water throws down white flocks soluble in hydrochloric acid. 

Mellitate of Cobalt , C I2 (Co'') 3 0'M8H 2 0, crystallises from solution in boiling 
water in microscopic prisms. 

Mellitates of Copper. — The neutral salt , C 12 (Cu") 3 0 ,2 .12H*0, is produced as an 
amorphous precipitate, becoming crystalline after a while, on mixing boiling solutions 
of mellitic acid and cupric acetate. On mixing cold solutions of mellitic acid and 
cupric acetate, there is dcpositod an acid salt , C l2 H 2 (Cu") 2 0 ,2 .12H 2 0, which also 
becomes crystalline. On adding a solution of cupric sulphate to a salt of mellitate of 
ammonium, a crystalline precipitate is formed consisting of ammonio-cupric mellitate, 

C 1 2 ( Nil ■*)*( Cu") 2 0 1 2 . 1 2 H -0 . 

Mellitates of Iron . — -Th e ferric salt is a cream-coloured precipitate, soluble in 
hydrochloric acid. — Ferrous sails. Mellitate of ammonium forms with ferrous sulphate 
a greenish-white precipitate, which rodissolvos when the liquid is warmed ; but on 
raising the temperature to the boiling point, a basic salt, 3Fo'X).C 12 (lV') 3 0 l2 .9H 2 0, is 
precipitated in microscopic cubo-octahodrons of a lemon-yellow colour; very sparingly 
soluble in water, easily soluble in hydrochloric acid; assuming an olive green colour 
when dry; and giving off all their water of crystallisation at 190°. 

Mellitate of Lead. C l2 (Pb") 3 0 12 (at 180°). — Bulky white precipitate, soluble in 
nitric acid ; obtained by adding the acid or the ammonium-salt to acetate or nitrate 
of lead. 

Mellitate of Magnesium. C 12 (Mg ,, ) 3 0 12 . 1811*0. — Precipitated on adding car- 
bonate of magnesium to a hot aqueous solution of mellitic acid, as an oil which solidifies 
to a crystalline mass on cooling. 

Mellitate of Manganese. C ,2 (Mn") 3 0 ,2 .18li. 2 0. — Obtained in like manner. 
White powder, composed of microscopic needles; moro solublo in cold than in boiling 
water, which dissolves only of it. 

Mellitates of Mercury. — The mercuric salt, flIPO (at 100°), is 

obtained as a white granular mass by triturating mercuric oxide with mellitic acid 
and a small quantity of wator, or by precipitating an alkaline mellitate with mercuric 
nitrate. 

The mercurous salt, C ,2 (ITg 2 ) 3 0 l5t .fJI 2 0 (at 100°), is also obtained by precipitation, 
as a white granular precipitate, very soluble in nitric acid, bocoming anhydrous at 190°. 

Mellitate of Nickel, C ,2 (Ni ')*0 ,2 .24lI-‘0. — When a hot solution of mellitic acid 
is saturated with carbonate of nickel, a green semi-fluid mass separates, which hardens 
and becomes vitreous in contact with the air. This salt is very slightly soluble in 
water, very freely in dilute hydrochloric and nitric acids. It gives off half its water 
(4 at.) at 100°, and the rest at 309°. 

Mellitates of Palladium. — Mellitic acid is perfectly neutralised by oxide of 
palladium ; but the liquid does not yield any crystals, even when concentrated to a 
syrup ; but on evaporation to dryness, it leaves a brown amorphous residue of pal/ ad io us 
v,. cllitatc . This salt dissolves in ammonia, forming a colourless liquid, which, on eva- 
poration, deposits colourless rhombic crystals, often maeled in twos and threes, and 
containing 12NU 3 .C ,2 (Pd') a O , \6H 2 0. The whole of -4lie water is given off’ at 100°, 
together with a small quantity of ammonia. (Karnxtodt, Ann. Ch. Pliarm. lxxxi. 164.) 

Mellitate of Palladium and Potassium crystal! ise<$^rom the mixture of tho two salts 
evaporated to a syrup, in nodular groups of indistinct prisms. Mellitate of palladium 
and sxliu/n crystallises in maeled triangular pyramids containing 34 per cent, palla- 
dium. (Karmrodt.) 

Mellitates of Potassium. — Tho neutral salt, C la K®0 1? .9H 2 0, forms efflorescent 
trimetric crystals, isomorphous with tho neutral ammonium-salt a. Observed combi- 
nation oP . QO P . qdPoo . Poo . f»oo. Angle ooP : ooP = 114°; oop : Poo = 151°; 
oP : Poo = 160°; ooP : 4&Poo = 123° nearly. 

Acid salt, C* 2 H 3 K s O ,2 .(>H a O. — A hot solution of 1 at. of the neutral salt and 1 at. 
mellitic acid yields this salt on cooling iu large transparent right rhomboidal prisms, 
often truncated on the lateral and terminal edges. It is more soluble in water than 
the neutral salt. 

A compound of act'd mellitate and nitrate of potassium, 4C ,a H*K a O ,a .3NKO\9H a O, 
is formed by treating the preceding salt with nitric acid, or by mixing a concentrated 
solution of neutral potassic mellitate with nitric acid, as long as any precipitate ie 
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formed and heating the liquid till the precipitate disappears. The double salt then 
crystallises in syt-sided trimetric prisms with dihedral summits, exhibiting the combi- 
nation ooF . co Foe . Fco. It has an acid taste, and is hut slightly soluble in water. 

Another acid melhtato of potassium (perhaps C ,tt Jl a K*O ,s .(TnC“0 l M81l ,, 0) is men- 
tioned by Erdmann and Marehand (J. pr. Chom. xliii. 129) as having been ob- 
tained in the form of a crystalline powder on adding mellitic acid to a concentrated 
solution of the neutral salt. This powder redissolved in water yielded largo nacreous 
crystals containing 20*63 per cent, carbon, 2*7-1 hydrogen, and 30*49 potash. 

Mellila tes of Sil uer .—~ Tho argentic salt, C'^Ag^O 17 , is obtained on adding mellitic 
acid or mollitate of ammonium to nitrate or acetate of silver, as a white, crystal line, 
Bhining, scaly powder, which the microscope shows to consist of transparent, colourless, 
square plates, usually having their angles truncated. When boated, it deflagrates 
slightly, but without exhibiting any electric excitement, as tho oxalate does under 
similar circumstances. Heated to 100° in a stream of hydrogen, it blackens and gives 
off water, and the residue dissolve s in water, forming a dark-brown, strongly acid 
liquid, which gradually deposits a mirror of metallic, silver, leaving a solution of 
argentic mollitate in mellitic acid. The brown or black residue obtained by heating 
the argentic salt evidently contains argentons met lit ate. When argontic mollitate 
previously heated to 280° is heated with iodine, iodide of silver is formed, together 
with a white crystal lino sublimate, strongly acid, and very soluble in water. 

Po t a ftsio- argentic Melt if ate, C ,2 K a Ag*O l5{ , is deposited from a mixture of the com- 
ponent salts containing nitric acid, in small, transparent rhombic prisms, in which tho 
angle ooP : P=121° 30'; oeP : ool’oo = 119° 1 1\ 

Thoso crystals, when beaten!, first give off water and bocomo opaque, then swell up 
with a kind of explosion, and leave a residue of silver and potassic carbonate. 

Mcllitate of Sodium, O'-Na^O'-, crystallises with two different, proportions of 
water. A hot concentrated solution deposits noodles containing 32 81 per cent. (12 at.) 
water, tho wholo of which is given off at 180°. A solution saturate*! in the coltl 
yields, by spontaneous evaporation, largo striated triclinic crystals continuing 38*88 
per cent. (18 at.) water, which they give off at 160°. (Erdmann and Marehand.) 

Mellitatc of Strontium. — White precipitate, soluble in hydrochloric acid, 
obtained by adding mollilic acid to strontia-wator. 

.Respecting tho acids derived from mellitic acid, see Siippi.kmknt, pp. 809-814. 

AEXSX^XTXC ACX1>, AMIDES or. (Wohler, Alin. Ch. Pharm. xxxvii. 
268. — R. Schwarz, ibid. Ixvi, 52.) — Two of these compounds aro obtained by tho 
dehydration of mollitate of ammonium, viz. mollitimide or pararnido, which has 
the composition of triammonic mcllitate minus 2 at. water: 

C ,a H*(NIT 4 )*O l2 - 611*0 « C>*II s N 9 0« 

Acid mcllitate Mellliimlde. 

of ammonium. 


and ouchroifc acid, which is a mellitamic acid, dorived from diammonic mollitato of 
ammonium by abstraction of 4 at. water: 

C , '*I1 4 (NH 4 ) 2 0 ,!I - 4IPO « C'HFNW 

Diammonic Kucliroic Acid, 

mellitale. 

) N* 

Me 11 i t ami do (C^O^.U^.N 9 and mellitamic acid (C ib O*)*' j 0 „ are obtained, 

according to Rimpricht and Scheiblor, by the action of ammonia on neutral mollitate 
of ethyl. 

Paramide and euchroic acid aro obtained! by heal ing neutral mollitate of ammonium 
to 160° 160° as long as ammonia continues to escape, and exhausting tho residue with 
water. Paramide then remains undissolved, and the solution contains euphroate of 
ammonium. 

Kuchroic acid has already been described (ii. 601). 

Paramide or Mollitimide, ^ ^ | N 9 , i* * white amorphous powder, insoluble 

in water and in alcohol, but soluble in sulphuric acid, whence it is precipitated by water. 
When heated with water to 200° in a sealed tube, or boiled for some time with water, 
8xed alkalis, or ammonia, it is converted into acid mcllitate of ammonium. By the 
action of alkalis restricted to a shorter time, it is transformed into euchroic acid : 

+ 21FO « C rt H«N*0* + NH". 

Paramide. Kuchroic 


An ammoniacal solution of paramide, mixed with nitrate of silver, forms & 
gelatinous precipitate, whose composition <at 150°) agrees best with the formula 

3 Jt 2 
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C ,< H ,!, Ag , (NH , Ag)*N*: at 200° it gives oft' ammonia, and then contains a quantity of 
silver, corresponding nearly with the formula of argento-paramide, C ia Ag*N a O*. 

Pararaic acid. — This name is given by Schwarz to a white crystalline precipitate 
obtained by dropping an ammouiacal solution of paramide into hydrochloric acid. It 
is sparingly soluble in boiling water, and gives with zinc the reaction of euchroic acid. 
Its ammoniacal solution is converted by boiling into mellitate of ammonium. Schwarz 
found in it (at 179°) 47*25 per cent, carbon, 2-16 hydrogen, and 1376 nitrogen ; a result 
which may be approximately represented by the formula C I2 H 5 N 8 0 7 . 

WBHITZC AJTHYSKIDE. C w O*.O a . — This is probably the composition of 
the white substance, insoluble in water and in alkalis, produced by heating chloride of 
mellityl with mellitic acid, and treating the product with water. 

MBZAXTXC ETBERS, Ethyl-mellitio acid , C 12 H 3 (C 2 H a ) s 0 12 , is obtained^by 
boiling mellitic acid for a considerable time with alcohol and sulphuric acid. On 
saturating with baryta- water, leaving the liquid to stand for some days in order that the 
excess of baryta may be precipitated as carbonate, then filtering to separate eulphato, 
mellitate, and carbonate of barium, a solution of ethyl-mellitate of barium is obtained, 
which, when evaporated in a vacuum over sulphuric acid, leaves the salt as an amorphous 
gummy mass, very soluble in water, and rotating on the surface of water like butyrate 
of barium. It is partly decomposed by drying at 100°. Its solution does not pro- 
cipitato other metallic salts. (Erdmann and Marchand, J. pr. Chem. xliii. 129.) 

Neutral Mellitate of Ethyl, C 2 (C 7 H 5 ) a 0 12 , is obtained, according to Limpricht and 
Scheibler (Limpricht' s Lehrh. d. org . Chc?nir t p. 1095), as a viscid liquid, by tho 
action of iodide of ethyl on mellitato of silvor. Kraut (Jahrosb. 1863, p. 2 j 81) by tho 
same reaction, obtained tho neutral mdlitatcs of methyl , ethyl , and amyl, tho two former 
crystallised. II. Muller ( KekuWs Lehrh. d. org . Chem. p. 495) obtained tho others 
of mellitic acid by tho action of chloride of mellityl on the corresponding alcohols. 
Tho mothylic other thus obtained was crystallised ; the ethylic ether liquid. 

According to Limpricht and Schoibler, mellitato of ethyl treated with aqueous 
ammonia immediately produces a crystalline precipitato of mollitamido, 
(C'-O 9 )* 1 !! 12 ^ 6 , and the solution, when evaporated, yields mollitamato of am- 

3I« 

moniura, (C ,2 O fl ) vl 
3NH 4 

MEKIXTYL, CBLORXDE OF. (C 12 0°) T, .CI°. — Obtained, together with hydro- 
chloric acid and oxychloride of phosphorus, by heating mellitic acid with pcniacldorido 
of phosphorus. It is a crystalline non-volatile solid, which with water forms mellitic 
acid ; wit h alcohols , mellitic ethers ; and with mellitic acid , mellitic anhydrido. (II. 
Miille r, loc. cit.) 

MELLONS. (Liebig, Ann. Ch. Pharm. x. 4; xxx. 149; 1. 337 ; lvii. 93; Ivin. 
227; Ixi. 262. — L. Gmelin, ibid. xv. 252. — Volckel, Pogg. Ann. Ivin. 161; 
Ixi. 375. — Gerhardt, Compt. Chim. 1845, p. 24, and 1850, p. 104; Vraitb , 
i. 473. — Laurent and Gerhardt, Ann. Ch. Phys. [3] xix. 85.) — A substance 
produced by the action of heat on various cyanogen-compounds ; e. g pseudosulpho- 
cyanogen, melamine, melam, ammeline, ammelide, and chlorocyananude. Liebig 
represents it by the formula C a N 4 or C 9 N*; but according to the analyses of Volckol, 
and of Laurent and Gerhardt, the substance thus produced contains hydrogen 
(at least 1*6 per cent.), and may bo represented by the formula C*N 9 H a , the 3 at. II 
being replaceable by metals. Gerhardt designated this hydrated compound (Liebig’s 
crude mellone) by the name hydromellone or hydromellonie acid, reserving 
the term mellone for the non-hydrogenous compound, which, according to Liebig, 
is produced by heating mellonide of mercury. 

MelLone or hydromellone, heated with potassium or with iodide, bromide, or sul- 
phocyanate of potassium, yields mellonide of potassium, which Liebig originally 
regarded as a compound of potassium with mellone, C a N 4 K or C*N , K 2 r Laurent and 
Gerhardt, on the other hand, assigning to hydromellone the formula C*N 9 H a , supposed 
that mellonide of potassium is produced by the substitution of 2 at. K for H, making 
the compound C*N*HK*. Liebig, by later experiments (Ann. Ch. Pharm. xcv. 257 J* 
has come to the conclusion that his original formula of mellonide of potassium was 
incorrect, and that the true formula of the neutral mellonide is 0*N , *M*. 

Preparation of Hydromellone or Crude Mellone . — Liebig prepared this compound 
chiefly by heating dried pseudosulphocyanogen to low redness, or by gently heating a 
mixture of sulphocyanate of potassium and dry chloride of sodium in a stream of 
chlorine gas, and dissolving out the chlorides of potassium and sodium from the 
residue by water. According to Henneberg, it is best to heat the dry pseudosulpho* 
cyanogen, first in an open porcelain basin, and afterwards in a covered porcelain 
crucible ; because, if it be heated in a retort, the sulphur which is given off flows back 
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and C&U88S the mellone to cake together. Too much heat moot also bo Avoided, 
or the mellone then bakes together in hard lumps. The product thus obtained has a 
light-yellow colour with a tinge of grey *, a grey or red-brown product may be regarded 
as a failure. As the complete expulsion of the sulphur from the preceding compounds 
requires strong ignition, and a large portion of the mellone is thereby decomposed, 
Laurent and Gerhardt prefer preparing it by heating chlorocyanamido till it ceases to 
give off hydrochloric acid and sal-ammoniac ; or ammclino, as long as it gives off 
ammonia and water; or ammelide, as long as ammonia, cyanic, and cyan uric acids are 
evolved from it. 

The product obtained by either of these processes is a loose, light-yellow, strongly 
staining powder, destitute of taste and smell. The following table exhibits its com- 
position as determined by calculation and by analysis. 


# 


Formulae and calculations, according to : 




Liebig. 


Luurcnt and Gerhardt. 



C* . 

. 3d 

. 3913 

C* . 

72 . 


3582 


N 4 . 

. 56 

. 6087 

N* . 

126 . 


62-60 





IT* . 

3 . 


110 


C*N* 

92 

1001)0 


201 

100*00 




Analyses by Laurent and Gerhardt. 






a 

b. 

r. 


rt . 


c 

. 

. 35 73 . 

. 35:8 . 

36 1 . 


36 0 


N 


. 62 50 . 

. 62*1 . 

610 . 


62*2 


ir 

. 

177 . 

1*8 . 

17 . 


1-8 




100 00 

100*0 

100*0 


100 0 




Analyses 

by Volckel. 





c. 

f. 


«. *. 

/. 

m. 

fi. 

c 

3163 

3601 

37 02 32 17 

36 52 36*31 

35*57 

32-49 

35 07 

N 


. 

, . . . 

. . 61*92 

62*85 



II 

1*42 

175 

1-91 203 

171 177 

1*58 

1 89 

209 





100*00 

100*00 




Liebig based his formula on the combustion of crude mellone obtained from pseudo- 
sulphocyanogen with oxide of copper, which yielded 3 vol. carbonic anhydride to 2 vol. 
nitrogen, and on the decomposition of mellone by simple ignition, whereby he obtained 
1 vol. nitrogen gas to 3 voh cyanogen. Laurent and Gerlmrdt ignited their mellone 
for some time in a platinum crucible before analysing it : a was prepared from pseudo- 
sulphocyauogen, b from ammelino, c from ummelide, and d from cblorocyanamide. 
The crude mellone, c,/ g , analysed by Vdlckel, was obtained by variously long ignition 
of pseudosulphocyanogen prepared with nitric acid ; h, with sulphoeyaimto of potassium 
und chlorine gas ; i and k, from persnlpbocyanic acid ; f, from Vdlckerspc//W//'(i.e. from 
tlie residue obtained by heating sulphocyanate of ammonium) ; r n and n, from sulpho- 


stopped i 

is that of dicyanuramido, (C*N’) 

II' 


cyanate of mercury. ... 

It follows from the preceding analyses, that crude mellone, if the decomposition is 
>pped at a certain point, has a composition represented by the formula C < *N l 'Il*, which 

(C-N*)"'} 

— **• ( The product when further h<*ated still 

gives off ammonia and becomes continually richer in carbon. Whether it in possible, 
by continued heating, to expel the whole of the hydrogen in the form of ammonia, and 

thus to obtain a body having the composition of t ricyanurarn ide (C*N , )*N f (which 
is Liebig’s original formula, C a N\ tripled,) is not yet distinctly made out; but it is 
probable that such is the case : at all events, the following formulae show thht melamine 
(cyanuramide) may, by loss of ammoniA, be successively converted info mclam, dicynn- 
uramide, mellonido of hydrogen (according to Liebig’s new formula), and ultimately 
into tricyanuramide : 

J 2C*N f H* - MI* 

Cyanuramide. 


Mclam , 


CWH 9 

Melam. 

3C*N*H* 

Diryanur- 

Amide. 


-2Nn* 

- NH* 


IlicyanurHmide. 

* 2C 1, N ,, H*. 

Mclionidc of 
hydrogen. 


CWW - NH* « C*N ,a . 

Mellonlde of Triryatmr- 

hydrogen. amide. 
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According to Liebig, pur© melione or tricyanurarnide may also be obtained by heat- 
ing mellonide of mercury till the evolved mixture of cyanogen and nitrogen gases is 
three-fourths absorbed by potash. 

Decompositions. — 1. .Mellon© heated in a closed vessel is gradually but completely re- 
solved into a mixture of 1 vol. nitrogen gas and 3 vol. cyanogen (Liebig): 

C 3 N 4 = 3CN + N. 


According to Vole kel, it is resolved hereby into nitrogen, cyanogen, and hydrocyanic 
acid: 


CWIP = 3CNH + 3CN + N s . 


When melione obtained from ammelide or chlorocyanamide is ignited in a tube, it 
disappears completely, giving off vapours which smell of ammonia and hydrocyanic 
acid, and deposit first a red, then a yellow, and lastly a red-brown sublimate. The 
sublimate gives off ammonia when treated with potash, and precipitates nitrate of silvft*. 
The gaseous mixture evolved at the same time contains a gas (ammonia) which is ab- 
sorbed by hydrochloric acid, another (cyanogen) which is absorbed by potash, and a 
non-absorbable gas (nitrogen), the relative quantities of the three being at the begin- 
ning of the experiment =9 : 51 : 40, and at. tho end =10 : 30 : 60. (Laurent and 
Gerh ardt.) 

2. Melione heated in dry chlorine gas forms a white volatile substance having a 
powerful odour, and attacking the eyes very strongly.- -3. Melione dissolves gradually 
in boiling nitric acid , continually giving ofF a gas which contains very little or no nitric 
oxide, and is resolved into ammonia and eyanylic acid (ii. 294), which crystallises in 
long needles : 

C 3 N 4 + 3IPO = C s N*H 3 O s + NIP. (Liebig.) 

Or, 

C®N 9 IP -f 6IPO = 2C s N :i H s 0 3 + 3NIP. (Laurent and Gerhard t.) 

4. Melione dissolves in strong sulphuric add, with evolutionof ammonia; water added 
to tho solution throws down a white substance different front melione. 

5. Crude melione heated with potassium, or with iodide, bromide, or sulphocyanate 
of potassium, is converted into mellonide of potassium. 

6. With a cold solution of caustic potash, it forms mellonide of potassium, wliieli at 
the boiling heat is converted, with evolution of ammonia and formation of ammelide, 
into cyamelurate of potassium (ii. 187): 

2C B N ,3 K 3 + 9 IPO = 3NIP + GW IPO 3 + 2C B N 7 K 9 0 8 . (Liebig.) 

Mellonide of Ammelide. Cyamelurate of 

potassium. ' potassium. 

MELLONHTDRZC ACID. See the next article. 

MELLONIDE8. C«N«M 3 , according to Gerhardt ; according to Liebig’s 

latest experiments (Ann. Ch. Pharm. xcv. 257). Mellonide of potassium is obtained, 
as already observed, by the action of potassium, or of iodide, bromide or sulphocyanate 
of potassium, on crude melione. This and tho corresponding salts of sodium and am- 
monium are soluble in water ; tho other mellonides are insoluble or sparingly soluble, 
and are obtained by precipitation. Tho sodium- and ammonium-salt© are obtained by 
decomposing mellonide of barium with carbonate of sodium or of ammonium. 

Mellonide of Ammonium crystallises in needles like the potassium-salt: it 
contains water of crystallisation. 

Mellonide of Barium is obtained by treating the solution of the potassium-salt 
with chloride of barium, as a white precipitate wkjeh dissolves in a large quantity of 
boiling water. The saturated solution deposits*; the salt in transparent, shortened 
needles containing 20*87 per cent, water of crystallisation, which it gives ofF at 

120 °. 

Mellonide of Calcium, obtained in like manner, is more soluble in boiling water 
than the barium-salt. The crystals contain 18 05 per cent, water, wliieh they give off 

The following are obtained as precipitates : mellonide of cadmium, white ; chromium , 
bluish-white ; cohalt, peach- blossom-coloured ; copper , parrot-green ; gold, whitish- 
yellow. 

Mellonide of Hydrogen . Millonhydric or Hydro mcl Ionic acid, C*N ,S H*. — By 
mixing a warm solution of mercuric clilorido with mellonide of potassium, a fine-grained, 
dazzling white precipitate of mellonide of mercury is obtained, which, after washing, 
dissolves in dilute hydrocyanic acid, even in the cold. Sulphydric acid passed through 
this solution throws down all the mercury in the form of sulphide; and after driving off 
the hydrocyanic acid by a gentle heat, there remains an aqueous solution of hydromel- 
lonic acid, which has a strong acid taste and reaction, mixes with alcohol without 
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turbidity, expels carbonic acid from carbonates with effervescence, and yields, when 
neutralised with potash, crystallised mellonide of potassium, exhibiting all tne properties 
of the original salt (Liebig). L. G m e 1 i » prepared the acid by decomposing the laud 
or copper salt with sulphydric acid. 

When a solution of hydromellonic acid is evaporated, in vacuo or in the air, either 
at ordiuary or at higher temperatures, it. deposits white films or flukes, and leaves a 
Bomewhat crystalline residue, which rodissolves but partially in cold water. The acid is 
not, however, completely decomposed under these circumstances ; but the portion solublo 
in water still yields a' certain quantity of mellonide of potassium when saturated with 
potash and mixed with alcohol. (Liebig.) 

Mellonidcs of Iron.- The ferric salt is a dark-yellow precipitate; the ferrous 
salt, a white precipitate with, greenish reflex. 

Mellonide of Lead is a white precipitate which, after drying in the uir, gives oft 
14T per cent, water when heated in a bath of chloride of calcium. The air-dried salt 
gives, according to L. Gmelin’s analysis, 4215 per cent, lead, agreeing nearly with the 
formula C ,s N M PbM 511*0, which requires 42‘58 per cent. 

Mellonide of Magnesium is deposited, after some time, in small interlaced 
needles, from a mixture of mellonide of potassium and sulphate of magnesium. 

Mellonide of Manganese is a white precipitate. 

Mellonidcs of Mercury. — The mercuric salt is a white precipitate deposited on 
- --- ■ ' ■ 1 -• ^ ii : i . ^ : •■d mercuric 


cooling from a boiling mixture of the solutions of mellonide of potassium and mercuric 
chloride : if the solutions are mixed cold, the precipitate contains potassium. 1 lie salt 
when heated first gives off nitrogen, cyanogen, and hydrocyanic acid; then nitrogen am 
cyanogen, in the proportion of 1 vol. ot the termer to 3 vol. of the latter. ( iii lg*) 
The mercurous salt, also obtained by precipitation, forms thick white flocks. 
Mellonide of Platinum is a brownish-yellow precipitate. 

Mellonidcs of Potassi nm. — Three of these salts have been obtained, viz tl: 
neutral salt, C u N lH K s , and the two acid salts. C W N'*1IK ,J and C»N ,S »1PK. 

a. Neutral mellonide of' potassium is obtained in many reactions besides those above 
mentioned (p 875), viz. by the notion of nii.id.ited compound., of cyanogen on |wi«"* 
• l>v the action of siilnhocyanatey on potassium-salts; and by tin dicom- 


thtt 


sium-salts ; by the action of sulphocyttimtos on pot 
position of sulphocyanate of potassium under V nrUeuhir 
exam 

i pro« 


When, for 

pio, orndn'nu ifono (or oA-imd melon., &c.) in added to M Huh.lwcyanalo of 
potassium, mellouido of potassium is produeed w.il. evolution of sulpl. do oi -ali o , 
not only from the mellone, but also from Hie elements of the sulpl.oey... .ate, A pain. 


wh^cn sulphocyanate of eopper is added .... ltinp snlphoeyanate of |..Aa^ium, snlphido 
of carbon is evolved, and mellonide of ^.tassinn. remains mixed with m< Ulli n »> )’ lld ' ■ 
Mellonide of potassium is also formed by beating sulphur with ferroyamdc of 
potassium (e a! when the mixture used for preparing sulphocyanate ot potass. urn is too 
strongly heated), its formation being due to the mutual action of the Hiib.boeyiiiiaf^ of 

potassium and iron formed in the. first instance. All t 1,101 o^servin** that a 
mellonide of potassium from snlphoeyanatcH Womc intelligible on obsi.rv.n,, that 
sulphocyanate contains the elements of Hulplnde of carbon 
mellonide, thus: + aM ‘.S + 

Stilphocy- Mollotildif. 

anate. 

Prrparati.m of Mdhmid* of lUasdum—a. From tl.« rak.C 1 ^ 

A- 

cesses are recommended by Liebig (Ann. \. arm. nulphocyiinato of 

i lu.tu chloride (butter of antimony ). 7 pts. p y . , 


v metallic sulphide, and a 
4 C*S 2 . 


I? With Antimonious chloride {butter of antimony).- 7 I 
potassium are 
and without fi 
by small portions. 


fu^d'Tn a wide and deep porcelain . rucibh. .ill the whole ru.u. quiet ljr 


S32.IP&- -*&• -sarsar trrair 

by covenng the crucib c i * a d h ,. atft( j w Jth constant stirring, in an iron 

obta },°fd> ™ f th b p ° Cubing H«lp".1d' of antimony melt.-, in flu- «dWd pulpv 

crucible, till part of the re ^ 8 TI J mMH i„ ,h™ immediately dwmlrcd in bo.hii* 

m T’ ^l fil,n t e boil«l with hydrated oxide of l«.d a, long a, the ox.de turn- block 
water; the filtrate ’ jum J aml ,)j sl *,lved milphide of antimony; and the liquid 

to remove oulph.de of £>£" ,u “ h it ^ n ,. rally Holidific. to a crystalline magma 

aw sjshs. - szxzcjsttsi ~ 
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loaded with weights. The mass, when dry, is again dissolved in hot water, and 
the same process repeated. At the third crystallisation, the hot filtered liquid is mixed 
with a small quantity of alcohol, till a faint transient turbidity makes its appearance. 
The crystalline magma which settles down is washed with alcohol after the mother- 
liquor has drained off, till a drop of the liquid which runs off no longer reddens 
sesquichloride of iron, and therefore no longer contains sulphocyanate of potassium. — 
2. The chloride of antimony used in this process may, with equal advantage, be 
replaced by chloride of bismuth. This compound is prepared by passing chlorine gas 
over commercial bismuth, heated in a tube of hard glass, which is bent half an inch up- 
wards at one end, then again downwards, and lies horizontally in a combustion furnace ; 
t-he chloride of bismuth, which distils over, is purified from the chlorides of other 
metals by rectification in the same apparatus. Before being used, it is again melted, 
pulverised while still hot after solidification, and the powder added to the fused 
sulphocyanide. The proportions used are 1 pt. of bismuth-chloride to 2 pts. sulpho- 
cyanate of potassium ; with a larger proportion of the former the mass will uot melt. 

b. From Melam . — 8 pts. of sulphocyanate of potassium are fused with 4 pts. of 
melam, previously slightly ignited, and added in successive small portions. The 
temperature must not be aUowod to rise too high ; if the gas-bubbles which rise from 
the melted mass do not burn with a blue flame (sulphide of carbon), but with a red 
colour, indicating the formation of cyanogen, the heat must be moderated. 

• Pure mellonide of potassium forms soft, white, very slender interlaced needles, 
haying a silky lustre, and scarcely distinguishable in appearance from sulphate of 
quinine. — 1 pt. of the salt dissolves in 37*4 pts. of water at ordinary' temperatures, and 
in a much smaller quantity of hot water: it is insoluble in alcohol ; crystallises with 
difficulty, even from a solution saturated while warm, but very easily on addition of 
alcohol. Its solubility in cold water is greatly diminished by the presence of other 
salts. A warm saturated solution, which would stand for days after cooling without 
crystallising, instantly deposits crystals on addition of a few drops of solution of 
eulphocyanate of potassium. — The aqueous solution tastes as bitter ns sulphate of 
quinine. In doses of a drachm, the salt exhibits no decided action on man or other 
animals, none at least which would distinguish it from other bitter substances. The 
crystals heated to 200° give off 18*06 per cent. (5 at.) water. 

The composition of the anhydrous and crystallised salts, as determined by Liebig, is 
given in the following table ' 


c°. 

Anhydrous. 


Liebig. 


Crystallised. 


. 108*0 

26*50 . 

. 26*12 

C’N^K 1 

. 407*6 

81*91 

N" 

. 182*0 

44*65. 

.44*38 

5 IPO . 

90*0 

18*09 

K*. 

. 117*6 

28*85. 

. 28*72 

c-n«k«: 

5 IPO 497*6 

loirbo 


407*6 

100*00 

99*22 | 





The dried salt burnt in a stream of oxygon yielded only 0 06 per cent, water : now if 
ft contained l at. hydrogen to 2 at. potassium, according to Gerlmrdt’s formula, 
C«N*HK a , it should have yielded 219 percent, water; it may therefore be concluded 
that the salt does not contain hydrogen. 

Neutral mellonide of potassium, boiled with hydrochloric acid, yields sal-ammoniac, 
chloride of potassium, and cyanuric acid. Boiled with nitric acid, it yields cyanylic 
acid. By continued boiling with potash, it gives off ammonia, and yields, first am- 
melide and cyameluric acid, then melanuric acid, and finally cyanuric acid (p. 876). 

Soluble Acid salt. C‘ > N 1S HK*. 3JPO. — Obtained by mixing a warn saturated 
solution of the neutral salt with an equal volume of Strong acetic acid. It crystallises 
from this mixture in oblique rhombic lamina', which effloresce in a warm atmosphere. 
When boiled with water, it is resolved into neutral salt a, and the insoluble 
acid salt b. The crystals, after drying in the air, ! givo off 13 0.3 per cent, water (3 at. 
— 12*73 per cent.). The salt, dried at 150°, gave by analysis 28*75 per cent, 
carbon, 0*43 hydrogen, and 21*13 potassium ; the formula C*N ,S HK 2 requiring 29 23 
carbon, 49*28 nitrogen, 0*27 hydrogen, and 21*22 potassium. (Liebig.) 

y. Insoluble Acid salt. CN^IPK. — This salt separates in the form of a white, chalky 
precipitate, on pouring a moderately dilute solution of neutral mellonide. of potassium 
into warm dilute hydrochloric acid. It isinsoluble in cold and sparingly soluble in boiling 
water; the solution has a strong acid reaction; easily soluble in a solution of acetate 
of potassium. It gave by analysis 31*97 per rent, carbon, 0*76 hydrogen, and 11*93, 
potassium; the formula requiring 32*61 per cent, carbon, 54*99 nitrogen, 0*60 hydrogen* 
and 11*84 potassium. ® ’ 

Mellonide of Silver, C’N^Ag*, is obtained as a white precipitate by mixing a 
boiling solution of nentral mellonide of potassium with nitrate of silver. Jt contains, 
according to the mean of Liebig’s analyses, 17*48 per cent. carbon,29*54 nitrogen* 
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and 62*48 silver(** 99*50), the formula requiring 17*50 carbon, 29 64mtrogen, and 62*77 
silver (*= 1001 

Laurent ana Gerhardt found in this salt 17 01 to 17*8 per cent, carbon, 5*2*2 silver, 
and 0*4 to 0*5 hydrogen ; whence they deduced the formula C*N*HAg*, requiring 
17*3 C, 52*0 Ag, and 0*2 H. Liebig, however, by burning the salt in a stream oi 
oxygen, obtained, in two experiments only 0*4 and 0*3 per cent, water ; whereas, according 
to the latter formula, the quantity of water should be 217 per cent, or about six 
times as ^rcat as that actually obtained. Hence it may be inferred that the salt does 
not contain hydrogen. 

Mellonidc of Sodium, obtained by decomposing the barium-salt with carbonate 
of sodium, crystallises in white silky needles, moderately soluble in water, insoluble 
in alcohol. 

m Mellonide of Strontium is more soluble in wuter than raellonido of barium; 
its solution, saturated at the boiling heat, solidifies, on cooling, to a magma composed 
of needles. 

Mellonide of Zinc is a white precipitate. 

MBLONEMETIN. An emetic principle contained, according to Torosiewier, in 
the root of the melon ( Cucumis Milo). Seo Cucumis (ii. 172). 

MCBXtOPSXtraU A yellowish- or greoni.sh-whito lithomarge from Noudock in 
Bohemia. Hardness =» 2 to 3. Specific gravity « 2 5 to 2*0. (B ro i r luiu pt.) 
MENAOCANXTfi. Titaniferous iron. (See Titanatks). 

MBWAPHTOXIMIDE. J p, Navhthyi.amink, Dkiuvatives of. 

MENAPHTHTLAMINE. j 

WElfDIPITE. An oxycliloride of lead, Pb^r'C 1 , found on Lho Mendip Hills in 
Somersetshire (p. 556). 

MBVBOHXNXTB. A sulphide of load and antimony, 4PbS.Sb a S\ occurring, 
with Boulangerite and Jamesonite, at Bottinoin Tuscany, generally in compact fibrous 
forms, but sometimes in distinct tri metric crystals, exhibiting the faces ocl oo and 
ooP; cleavable parallel to ooPoo and oP (Q. Sella, Jahrosb 1862 . p. 712). Hanlness 
= 2*5. Very lustrous. Contains, according to Beehi’s analysis (Sill. Ain. J. \Z\ xiv. 
60), 17 52 per cent, sulphur, 19*28 antimony, 59*21 lead, 3 64 copper, and 0*34 iron 

(=* 99*89). . _ . . . 

MEVGXTE. A mineral containing ziroonia, ferric oxide, and titanic acid, occur- 
ring i. granite-veins in the Ilmen Mountains. It forms short tri metric prisms often 
terminated by four-sided pyramids, aih - c - 0*8285 : 1 : Anglo <»P . col 

» 100° 28' : oP : » 133° 42'. No distinct cleavage. Hardness -5 to 5 5. Specific 

cravitv = 5*48. The crystals are iron-black, with snbmetallic lustre subyit.reous oil 
the fractured surface. Strait chestnut-brown. Fracture uneven. Infusible before 


the blowp^ but becomes magnetic. Greenish-yellow clear glass with phosphorus- 
salt in the outer flame ; yellowish-red in the inner, deepened by adding tin. Manga- 
nese reaction with carbonate of sodium. . . •• i i iv 

This mineral is called ilmenite by Brooke ; and the name mengite is applied by 

that mineralogist to mon azit e. 

MBNX1XTE. A brown opaque variety of opal, occurring in compact remform 
masses, occasionally slaty. . . . 

M EN ISPBB MIC ACID. A doubtful acid, said by IV) u l ay to exist in tho 
Jd <W«*. ami t.» bn „b». .i»«l by of .ho alcohol, c 

mother-liquor from which pierutoxine has crystallised out. It >» • escribed mm orystul- 
hne tJX' sparingly soluble in water, capable of rcb h mng htmus, and form.ng 
e^talUsablVsaL with alkalis. Neither Oases, -ea nor 1». 11-t.er was able to ob.atn 
this ucid in the manner described by Houllay > 

T£ of the seeds is £h 

cimtated by an alk* , mass undissolved. Or the seeds may made up into a 
which leaves a bro oicohol of specific gravity 0*833 ; the alcohol distilled off; 

heap, and c "^i^ at the boiling heat ; it then on 

^V^^nosits crystals of picrotoxine, especially if a small quantity of acid juia 
^ in boiling water is then tM with acidulated water 

I^dp^ciriteW- alkali; a granular precipitate is thereby formed, from whtch 
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alcohol extracts a peculiar yellow substance ; and the residue is finally dissolred in 
ether, which deposits memspermine in the crystalline form. The ether leaves 
undissolved a viscous substance, which may be dissolved in absolute alcohol ; and the 
solution, evaporated at 45°, ultimately yields crystals of p,ara menispermine. 

Menispermine crystallises in prisms terminated by pyramidal faces. It is white, 
melts at 120°, and decomposes at a higher temperature. It does not appear to be 
poisonous. It is insoluble in water , but soluble in alcohol and ether , which deposit it 
in the crystalline state. It contains (mean of four analyses) 71 *80 per cent, carbon, 
8*01 hydrogen, 8’57 nitrogen, and 10*53 oxygen; whence Pelletier and Couerbe deduce 
the formula C^H^NO*. 

Menispermine dissolves easily in dilute acids. Hot strong nitric acid converts it 
into oxalic acid, and a yellow resinous substance. 

Sulphate of menispermine crystallises in prismatic needles, containing 15 per cei^t. 
water and 6*87 per cent, sulphuric anhydride. It melts at 165°, and at a higher 
temperature reddens slightly and gives off sulphydrie acid. 

Paramenispermine has the same composition as menispermine. It melts at 250°, 
and volatilises in white vapours, which condense like snow on cold bodies. It is in- 
soluble in water, sparingly soluble in ether , easily soluble in boiling alcohol. It 
dissolves also in dilute acids, but without neutralising them or forming definite salts. 

lyiENTTHEKTE. C'°H 18 . (Walter, Ann. Oh. Pharm. xxxii. 288. — Oppenheim, 
Chern. Soc. J. xv. 29.)-- A hydrocarbon produced by the action of phosphoric anhy- 
drido(W alter), or chloride of zinc (Oppenhei m), on menthol or peppermint camphor, 
C J0 H i0 O. It is also found among the products of the decomposition of chloride of 
menthyl by ethylate of sodium (Oppenheim). To prepare it, menthol is melted 
in a tubulated retort, and phosphoric anhydride is added by small portions till it 
is in slight excess. The mass is then distilled, and the product is rectified by distil- 
lation over fresh portions of phosphoric anhydride. 

Menthone is a transparent, very mobile liquid, having an agreeable odour and 
cooling taste. Boiling-point 163°. Specific gravity «= 0*851 at 21°. Vapour-density, 
obs. =* 4*93 to 4*95 ; calc. — 4*78. 'It is insoluble in water; forms a turbid mixture 
with a small quantity of alcohol or ether , a clear mixture with a larger quantity; dis- 
solves with moderate facility in wood-spirit, very easily in oil of turpentine. 

Menthone is scarcely, if at all, attacked by potassium ; cold sulphuric acid has no 
action upon it ; nitric acid ultimately converts it into an oily acid, soluble in water 
and in alcohol ; with chlorine and bromine it forms substitution-products. 

Bromomentkene. C 10 H ,7 Br. — Bromine acts very violently on menthone, disengaging 
torrents of hydrobromic acid, and forming a number of very unstable substitution- 
products. By adding 2 at. bromine drop by drop to 1 at. menthene, nionobromomentheno 
appears to be formed, the product treated with potash yielding the hydrocarbon 
C;uq£ia (Oppenheim): 

C ,# II ,7 Br + KUO = KI>r + IPO + C ,fl Il’«. 

Pen tacklor omen thane, C l0 H ,3 Cl r \ is produced by the action of chlorine on menthene. 
Dry chlorine attacks menthene with great violence, hydrochloric acid being evolved, 
the liquid assuming first a green, then a yellow colour, and being ultimately converted 
into pentachlorornenthene, which is a yellow syrupy liquid heavier than water. It 
dissolves at ordinary temperatures in alcohol and wood-spirit , more easily in ether and 
oil of turpentine. Strong sulphuric acid colours it deep red. 

fUttfllW ) 

MENTHOL. C"*II- w O = J jj > O. M< n t hylic alcohol. Hydrate of Menthyl. 

Camphor or Stcaroptene of Ppprrmint-oil . (L. Gir^elin, Ilandbuch , Aufl. 3, ii. 408. — 
Dumas, Ann. Ch. Pharm. vi. 252. — Blaneh'et aad Sell, ibid. vi. 293. — Walter, 
ilnd. xxxii. 288. — Kane, Phil. Mag. xvi. 418. — Laurent, Rev. seient. xiv. 341. — 
Oppenheim, Chem. Soc. J.xv.24).- The essential oil of peppermint, when kept for a 
long time, or cooled to very low temperatures, deposits this substance in crystals. 
American peppermint-oil yields this deposit at temperatures near 0°. This camphor 
is now imported in large quantities from Japan, in small, white, fragrant, prismatic 
crystals, resembling sulphate of magnesium, which salt is in fact used for adulterating 
the Japanese camphor, sometimes to the amount of 10 to 20 per cent. 

The camphor from American oil of peppermint melts at 36*5° (G m e 1 i n) ; at 25° 
(Dumas); 27° (Blanchet and Sell); 34° (Walter); the Japanese camphor melts 
at 36°, and volatilises without decomposition at 210’ (Oppenheim). Vapour-den- 
sity, obs. =» 5*62 ; calc. — 5*41. It is lae vo-rotatory. [a] — — 59‘G° [ ? for the tran- 
sition tint.] 

It is but slightly soluble in voter, but imparts to that liquid a strong smell and taste. 

It is very soluble in alckol, ether t sulphide of carbon, and oils, both fixed and volatile; 
insoluble in aqueous alkalis. From an alcoholic soda-solution, it crystallises in long 



MENTH Y L — MEN Y AN THIN. 861 

needles. It is dissolved by a current of sulphurous anhydride, or hydrochloric acid gas 
but the acid passes off on evaporation, leaving the menthol unaltered. Concentrated 
acids, especially nitric, sulphuric , hydrochloric , formic , acetic, and butyric acids, dissolve 
it freely ; and from these solutions it is precipitated by water and by alkalis, as an oil, 
which soon solidifies, and then exhibits the original properties of the camphor. 

Heated with strong hydrochloric to 100° for a considerable time, it is transformed 
into chloride of menthyl, C ,0 H* fl Cl. The same compound is formed by tho action 
of pen tachloride of phosphorus : 

C»oh*9 0 + PCI 4 * FCPO + HC1.C ,0 H W CI. 

With iodide and bromide of phosphorus , it yields iodide and bromide of menthyl ; 
hydriodic acid also acts upon it at 200°, forming iodide of menthyl. 

Ideated with concentrated acetic acid in a scaled tube, it is converted into acetate 
C l0 li 19 ) 

of menthyl, (pjpofO* With butyric acid it forms, in like manner, butyrate of 
menthyl, 

These reactions show that peppermint-camphor is an alcohol containing the radicle 
C ,0 H ,? (menthyl); it is homologous with allylie alcohol, CHI fl O, and isologous with 
campholic alcohol or camphol, C ,0 Il' H O (i.e. differs from the latter by 2 at. II); hence 
the names mont hylic or mentholic alcohol, and menthol applied to it. 

Sodium acts very energetically on menthol, with evolution of hydrogen and for- 
mation of a substitution-product, which is a white, vitreous, transparent mass, becoming 
brown on exposure to the air, insoluble in water, but, soluble in absolute alcohol and 
iodide of ethyl. The latter body acts on the sodium compound; but the action is com- 
plicated, and docs not appear to give rise to the formation of a compound ether, as with 
most sodium-alcohols. 

Menthol is dehydrated by phosphoric anhydride or chloride of cine, yielding 
me tit hen e. 

MENTHTL. CHI 1 ’ The radicle of mcnthyiic alcohol, &c. 
ruoijiw i 

Act tale of Menthyl , q.j [ O, prepared by heating menthol with strong acetic acid 

to 1‘20° in a sealed tube for ten or t welve hours, then washing with carbonate of sodium, 
and drying over chloride of calcium, is a light oil which boils without decomposition 
between 222° and 22 1°. It is highly refractive, and l.evo-rotatory ; [aj «. — 1 14°. It. is 
not decomposed by water, or bv cold solutions of the alkalis, or by baryta, but when 
heated to 120°, with an alcoholic solution of soda, it is completely resolved into sodic 
acetate and menthol. (Oppenheim, Chein. Soe. J, xv. 26.) 

rjiuTrw f 

Butyrate of Mmthyl, ‘ h P r * pj‘ r ‘ l d by heating menthol with butyric 

acid, in a scaled tube, to 200° for thirty hours; then distilling and collecting tho 
portion which passes over between 2o0° and 210°. Rotatory power [aj =* 88 K° 
nearly. 

Chloride of Menthyl, C ,0 II W C1. Obtained by treating menthol with pentucbloridn of 
phosphorus (Walter), or with concentrated hydrochlorir acid for it week, at 100°, or 
for twenty-four hours at 120° (Oppenhei in). It is a very pule yellow liquid, lighter 
than water, heavier than alcohol, and having an odour like that of mare; boils at 
about 204°, decomposing and turning brown at the same time. If, is slightly soluble 
in water, more soluble in alcohol. It is rapidly dee., mpe-d by potassium, but strong 
alcoholic potash has no action upon it, even at too boiling heat. (Walter.) 

Bromide and Iodide of Mt nth yl are obtained by the act ion of bromide and iodide of 
phosphorus on menthol ; the latter also by the action of strong hydriodic acid. Both 
compounds are decomposed by dist illat ion. (O ppe n h * i hi. ) 

WBN TAWTgPf* CHI^O'*.- A bitter substance discovered by If Landes in 
buckbean {Mcnyanthes trifoliata), and further examined by K ro mayor (Zoitschr. 
Anal. Chora. i.'lfi; Jahresb. 1SG1, 747). It, may l.e prepared by a process similar to 
that described for the extraction of marrubim (p. 854 Jt is tlniH obtained as a nearly 
colourless resinous mass, which, after drying over sulphuric acid, is amorphous, friable, 
permanent in the air, neutral, and has an intense and purely biller taste. It begins 
to soften between 60° and 65°, becomes quite fluid at 115 u , and solidifies on cooling 
to a hard yellowish transparent rm->s. At higher temperatures it gives off first 
aromatic, then pungent vapours, smelling like oil of mustard. It dissolves sparingly 
in cold water, easily in hot water and in ahnhol. but is insoluble in ether ; allcalm 
dissolve it apparently without alteration. It dissolves with various shades of colour 
in strong sulphurous, nitric, and h- t dr< cM'-ru: act,/*. Tin* aqm*nu* Solution is Hot 
precipitated by metallic salts, bo* f-.rm with uaHoUmvic m*d a pr«-qutatt- having the 



composition C^H^O 2 * *■ Menyanthin is isomeric with nin' 

picrin, which it also resembles in many of its properties. (*Kromayer.) P 101 " 
The name menyantbin has also been applied to a neutral amylaceous substane 
contained in buekbean ; probably identical with inulin (p. 277). ■ C6 

HCnrrAVTBOL An oily body, obtained by distilling menyantbin with dilute 
sulphuric acid. The residue in the retort contains fermentable sugar. It is heavv 
colourless, smells like bitter almond oil ; has a faint acid reaction, and reduces an 
ammoniacal- silver solution. (Kromayer.) 

MSBCAPTAirs. Sulphydrates of the alcohol-radicles, e.g. t sulphydrate of ethyl 
«|a (See the several Alcohol- radiclos, c.g., Ethyl, ii. 547.) 

MIRCAPTIBZI8. Compounds formed by the substitution of metals for hydrogen 
in the mercaptans. « 

MEJtCJJJLAJ^ZNJia AVD MSRCtmAMMOirXtriMtS. See Mrrcury-BAses 
Ammoniacal. ' 

MBRCUSZALIS. The ash of Mercurialis perennis (the herb together with the 
fruit) has been analysed by N. Reitler (Jahresb. 1860, p. 543). The air-dried 
plants yielded 84-4 per cent, dry residue at 100°. The ash amounted to 11*5 per cent, 
of the air-dried plant, and 13 09 per cent, of the plant dried at 100°. It contained* 
27*14 per cent. CO 3 , 918 Cl, 0-98 SO», 0 84 SiO 2 , 2 74 P 2 0 5 , 0*27 Fe*0* 31*57 CaO, 
5*59 MgO, 14*35 K 2 0, 6*84 Na 2 0, with a trace of copper (loss 0 50). 

nZBRCUHXC AMTLIDB, ETEZDE, Ac. See Mfrcury- radicles, Organic. 

MBRCVRZV8. This term was applied by the alchemists to all volatile substancos : 
thus quicksilver was called Mct curias communis ; alcohol, Mercurian vegetabilis. At 
present it is applied only to quicksilver. 

Mercurius dulcis. Syn. with calomel (p. 893). 

Mercurius cinereus Blackii, blackish -grey mercurial precipitate, is a mixturo 
of mercurous carbonate with Mercurius solubilis Haknemanni , obtained by precipitating 
mercurous nitrate with carbonate of ammonium, " 

Mercurius cinereus Moscati , the Mercurius solubilis of the Swedes, consists 
of black mercurous oxide, obtained by decomposing calomel with caustic potash or 
soda. 

, Mercurius cinereus Sounder i. An almost obsolete pharmaceutical prepara- 
tion consisting of chloride of mercurosammonium (Hg 2 H 2 N)Cl, obtained by decom- 
posing calomel with ammonia. (See Mercury-bases, Ammoniacal.) 

Mercurius pkospkatus Fuc hsii. .An obsolete preparation obtained by pre- 
cipitating a solution of mercury in nitric acid with phosphate of sodium. 

Mercurius pr<ecipitatus alb us. Hydrargyrum amido-bichloratum , Hydrar- 
gyrum amido-muriaticum, Hydrargyrum pradpitatum album. Mercurius cosmeticu's, Calx 
hydrargyri alba. Lac mercuriale . — White precipitate. Of this mercurial preparation 
there are two varieties, distinguished as fusible and infusible. The former con- 
sists of chloride of mereur ammonium, Hg"H*N 2 Cl 2 , obtained by precipitating ammonio- 
mercuric chloride with potash, or by dropping a solution of mercuric chloride into a 
solution of sal-ammoniac mixed with ammonia, ns long as the precipitate first formed 
is redissolved ; the latter, of chloride of dimer cur ammonium Hg'TPNCl, obtained by 
adding ammonia to mercuric chloride. * 

Mercurius pracipitatus ruber. Oxydum hydrargyricum. Mercuric oxide 
obtained either by oxidisiug mercury in contact %ith the air at tho boiling heat, or by 
heating it with nitric acid. The product obtained by the first of these methods is also 
called Mercurius pracipitatus per se (see p. 907). 

Mercurius solubilis Haknemanni. Hydrargyrum oxydulatum nigrum . 
tfitrus ammonicus cum oxydo kydrargyrico. Basic nitrate of mercurosammonia. See 
Mercury -bases, AIcmoniaoal. 

Mercurius violaoeus. A form of mercuric sulphide, obtained by triturating 
together 6 pts. melted flowers of sulphur, 6 pts. mercury, and 4 pts. sal-ammoniac, pulver- 
ising the cooled mass, subliming it in a flask, removing the upper white deposit, consist- 
ing of sal-ammoniac, and resubliming the lower, heavier sublimate three times. The 
upper part of the sublimate, thus obtained, is usually light and yellow ; the lower heavy 
and violet. The latter, after it has been finely pounded and alcohol burnt upon it, 
constitutes Mercurius violaceus . 

Mercurius vita. Powder of Algaroth (oxychloride of antimony, i. 327). 
Mercurius vivus. Metallic mercury. 
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SVAO-TCTKlTari^AiaKOirZUM. Hg' , (C i H H N)*. A bub, tto 

iodide of which is obtained, according to Sounehschein, together with several o the r 
compounds, by the action of iodide of ethyl on white precipitate (ii. 536), 

*»CUET. Svnonymes : Quicksilver, Hydrargyrum, Argentum vivum t Afavttrfe U 
vivm. Symbol Hg; Atomic Weight = ‘200. 

This metal has been known from the earliest times; cinnabar was used as a pigment 
by the ancients ; corrosive sublimate was known to the Arabians, and calomel to the 
alchemists. 

Mercury is often found native, in globules disseminated through its ores ; it occurs 
also combined with silver and with gold, in the form of amalgams ; also as iodide and 
chloride, and very rarely as seleniae ; but the most abundant ore is the sulphide, at 
cinnabar, from which nearly all the mercury of commerce is obtained. Its most im- 
portant mines are those of Idria in Illyria, and of Almaden in Spain. At Almaden 
it is found in veins, often nearly fifty feet thick, traversing micaceous schists of the 
older transition period ; in Illyria it is disseminated in beds of grit, bituminous schist, 
or compact limestone of more recent date. It occurs also in the Bavarian Palatinate, 
at Ilorzowitz in Bohemia, at Schcmnitz in Hungary, and a few other localities in 
Europe; on the Ural and Altai mountains ; in China abundantly, and in Jajton; at 
San Onofre, in Mexico ; abundantly at Huanca Veliea, in Southern Peru ; in the 
province of Coquimbo, Chile ; and forms extensivo mines at New Almaden in 
California. 

Preparation . — By distilling mercurial ores with lime, smithy-scales, or simply in contact > 
with the air, so as to remove the sulphur by formation of sulphide of calcium, sulphide 
of iron, or sulphurous anhydride ; partly also to remove chlorine. In the BavurianrPala- 
tinate, a mixture of ore and lime is heated to redness in long cast-iron bottles, placed 
in nearly horizontal rows, one above the other in a long furnace, and provided with 
receivers. At Ilorzowitz, in Bohemia, a mixture of ore and smithy-scales. is placed 
in iron dishes, which are attached one above the other by the centres of their bases t*> 
a vertical iron axis, and covered over with an iron receiver, closed at top, and dipping 
into water at bottom. The upper part of the receiver is surrounded by the fhrnaco, 
and imparts its heat to the dishes, from which the mercury rises in vapour, and collects 
in the water contained in the trough. This process ia called Vestillatio per disceneum 
At Idria, in Illyria, the quieksilver-ore, coarsely broken up, is laid upon a perforated 
stone arch, in a turret-shaped furnace, and after the apertures by which it is introduced 
have been stopped, heated to redness by flames made to play against tho under surfaco 
of the arch. The sulphur is burnt by the air, which is admitted through channels 
constructed for tho purpose ; and tho mixture of mercurial vapour, sulphurous acid, 
and smoke from the furnace, is made to pass through a horizontal channel constructed 
in the upper part of the furnace, then up and down through seven condensing cliambers, 
and finally through a turret- shaped forge into the air. In the course of this long 
transit, tho mercury condenses in the chambers, tho floor of which, being inclined to 
one side, enables it to run out ; it is then collected, and strained through coarse cloth. 
A similar process is followed at Almaden, in Spain, excepting that the vapours, instead 
of passing through condensing chambers, arc mude to traverse a scries of tubes mado 
up of cylinders, called Alvdels (i. 149), open at both ends and fitting one into tho 
other These are laid upon a surface, called tho Aludd-bath , first descending a httio, 
and then ascending, and finally open into the chimney. [For details and figure* of all 
these forms of apparatus, and of an improved process suggested by Hr. Urs for 
performing the distillation in iron retorts, see Urfe Dictionary of Arte , &c., m. 58 J. 
Mercury is sent into the market, sometimes in leathern bags, sometimes in wrought- 
iron bottles, which are afterwards used in chemical laboratories for the preparation of 

^Pu^fiZition from foreign melaU.— 1. The mercu rg is distilled either elone. or 
better under a thick layer of iron filings, in glass, earthen, or other retorts. .A portion 
Kfor^metal. & very apt to 


vli^IrTrTy spirting during th‘e ebullition. The Utter of these accidents is prevented 
b/tfae coating of^on-filmge. 2. By distilling the mercuryw.th one-tenth of its 
Sight of cinnabar, the sulphur of which retains the foreign metaU. (Dirfurf 
3 By boiling the impure mercury for some hours with ^ of its weight of mei 
nitrate dissolved in water, or with a small quantity of very dilute mine acid 
digesting it with either of these liquids in Che coU, the *? * 

S™Jo ^ of XreuS with half an ounce of solution of ferric chlorid* 



haviriga specific gravitj^f 1*4#. The mercury is thereby redficed to a state of very 
fine division, and the action on the foreign metals is accelerated by the formation of 
chloride of mercury, which collects between the drops. It is sufficient to agitate 
the mercury with the .Jjron solution for ten minutes, and then wash it -frith water. The 
mercury, after drying, is easily reunited by the application of a gentle heat-r-5. A small 
quantity of mercury may *e speedily purified hy placing it fn a Itottle withAlittlo finely 
powdered loaf-sugar, the mercury- hot occupying more than oner fourth of 4he capacity 
of the bottle; the bottle is then dlosfed #d briskly agitated for a few minuteB, after 
which the stopper is withdrawn, and fresh air blown into' the .bottle yrfth a pair of 
bellows, and the agitation ^repeated ; this is done three or "four times, and the 
mercury is then poured intp a cone of smooth writing paper, having a pin-hole at its 
apex. The metal then runs through, leaving the pounded sugar mixed with the 
oxides of the foreign metals, and a considerable quantity of finely divided mercury. 

Pi £0 mercury should leave no residue when dissolved in nitric acid, evaporated fnd 
ignitjd; or when fused with sulphur and sublimed in a glass flask. When made to 
rundown a gently-inclined surface, it should retain its round form, and not drag a 
MU; and when agitated jn a bottle with dry air, it should not yield any black powder. 

Prototies.— Mercury freezes, according to Hutchins, at — 39-44°, undergoing con- 
' sMerabrB^ontraction, and forming a tin- white, ductile mass, crystallised in octahedrons 
And needles, capable of being cut with a knife, and exhibiting a granular fracture. At 
Ordipauy temperatures, it forms a very coherent but very mobile liquid, which adheres 
vfoit $ig£tly to glass, and has a density of 13-5692 (Karsten), 13-5886 at 4° and 
Ifi*63S pt S6° (Kupffer), 13-568 (Cavendish and Brisson), 13-575 (Fahrenheit) 
I3fiJ|at 10° (Biddle), 13595 at 4° (Kopp), 13-596 (Regnault). For its specific 
bCftt see Heat (p. 30); rate of expansion (pp. 54-57) ; latent heat of fusion (p. 77). 
JKereury remains unaltered wlien agitated for any length of time with oxygen gas, 

S ?n air, hydrogen, nitrogen, nitrous oxide, nitric oxide, carbonic acid gas, or 
\ ; bat any foreign metals that may be mixed with it become oxidised by 
agitation in air or oxygen gas, producing a grey pulverulent mixture of the oxides of 
the foreign metals and finely divided metallic mercury. On the other hand, by agita- 
tion with water, ether, or oil of turpentine, or by trituration with sulphur, sulphide 
of antimony, sugar, grease, &c., even in vacuo, mercury is converted into a grey powder, 
JEl&iops per se, consisting of small globules of the metal, which arc separated by in- 
terposition of foreign matter, but run together again on its removal; this is called 
the Extinction or Deadening of Mercury. In well prepared grey mercurial ointment, 
the mercury forms nearly uniform globules, having a diameter between and - J n - of 
a line, and not distinguishable by the naked eye (Ehrenberg, Pogg. xxiv. 40)/ ' Tho 
deadening of mercury was formerly attributed to oxidation. According to B;ir on- 
sprung (J. pr. Chem. 1. 21), some, at least, of the mercury in grey mercurial ointment 
is in tho state of black oxide (the quantity being greater, ihe cider the ointment), and 
this oxide, after the fat has been extracted by ether, may be dissolved out hy water 
slightly acidulated with sulphuric acid. 

Mercury boils, according to Crichton, at 346°; according to Dalton, at 
349° | according to Heinrich, at 356°; according to Dul ong and Peti t, at 360°, 
and is thereby- converted into a colourless vapour. Vapour rises, however, from 
mercury, even between + 15-5° and 27° (but not at — 6-7°), both in vacuo and 
in spaces filled with air, as shown by the silvering of gold-leaf, kept for two months 
in a vessel over mercury (Faraday, 7°). According to Karsten (Pogg. Ann. 
lxxi. 245), mercury at temperatures below. 0°, gives oflf sufficient vapour to bring 
out the image on a Daguerreotype plate held over it, - Frame (Instit. 1849, 403) finds 
that sulphur in the very finely divided utricular condition (utricutes de sovfre) in 
which it is first precipitated from the state of vajSour, is a much more delicate test for 
the presence of mercurial vapour than gold-leaf. - By means of this test, he finds that 
at 12° the vapour of mercury rises to a height of more than a metre — that even at 8°, 
it appears to nave no limited atmosphere — that it rises, at ordinary temperatures, from 
amalgams and mercurial ointment— that in presence of air and sulphur-vapour, it 
diffuses, according to the same luw as other gases — but that in presence of air and 
iodine-vapour, and of the vapour of iodide of mercury thereby produced, the law of 
““ ^ion appears to be different. (For the tension of mercuiy- vapour at different 
futures, see Heat, p. 94.) 

he density of mercury-vapour, referred to air as unity, is 67 (Bineau, Compt. 
fend, atlix. 799). The theoretical density is 100 referred to hydrogen, or 6*933 
referred to air, as unity, the molecule of the vapour containing 2 at. Hg ( «* 100) or 
1 at. Hh$ ( - 200). 

According to Wiggers (Pogg. Ann. 440), mercury is slightly soluble in boiling 
water* When twenty, ounces of water are poured upon two ounces of mercury, ana 
boiled down to ten ounces, the decanted liquid shows no particular reaction with 
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mdpbydric acid or rtknnoiis chloride ; but on mixing it widrfen dropt iWf Wd* 

and euaporatingj the residue exhibits a slight brawn tint when treated with ®nlphydrio 
acid* AntJ^on also (J. pr. Chem. xv. 153) found t hit water boiled with psorcur^fbr 
fifteen hourB,-atf4 then decdhted, was Capable of 'silvering gold-Jeaf ; afid after 
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ration with nitric acid*, gave the characteristic reactions jpth sulphydric add i 
etahhous chloride. Putofhaad Favrot (J* Ohim. m6<!rxiv. 306), in 

* -‘ L * tit: 'Am «-!* 


. n repeating the 

experiment of Wigwam with distilled water Mnd with river-water, did not discover 
mercury in the water after evaporation witb*itrie a<d&< Girardin also (J. Chim. m6d. 
ix. 283) fbupd no aaeroury in water which had beeri boiled with that metal ; he did 
not, however, mix it with nitric acid before evaporation When water is pound upon 
mercury ,rboiled down to one-half, decanted, then left to stand for several days, again 
decanted, and thrown upon a thick paper filter, small quantities of mercury, sufficient 
to silver gold-leaf, remain on the filter ; but the filtrate, when mixed with nitric acid 
add evaporated, shows no trace of mercury. Perhaps the quantity used In the* ex- 
periment was too small ; but, at all events, the experiment shows Unit thfgWiew 
decantation adopted by Wiggors is not sufficient to separate the water from the 
mercury mechanically mixed with it; to decide the question completely, experiments 
should be made with large quantities of water. (L. Gmclin, Handbook , yUm 

Hydrochloric acid, even when hot and concentrated, has no action upOwroorcuty. 4 
Kitric acid slowly dissolves it in the cold ; and, if the acid is in excess, convert* it ioU> 
neutral mercurous nitrate. When nitric acid is boiled with excess of mBTOttrjjpWI 
metal is converted into basic mercurous nitrate, which crystallises on cooling* |fj # 
the other hand, the nitric acid is in excess, the wholo of the mercury is converted 
mercuric nitrate ; mercury heated with excess of nitromuriatic acid , yields n^Brouric 
chloride and nitrate. Mercury is scarcely attacked by dibit o sulphuric acid, but ton 
heated with the concentrated acid, it is converted into solid mercuric sulphate, 
evolution of sulphurous anhydride. If the sulphuric acid is small in quantity, QD&Mdi 
heat is not raised quite to the boiling point, mercurous sulphate is i obtain**. UMOHn* 
gas passed over gently heated mercury, converts it into mercuric chloride. 

Mercury forms two series of compounds, viz. the m ore uric compounds, into which 
1 atom of mercury enters as a bivalent radicle, and the mercurous com guilds, m 
which ‘2 atoms of mercury are linked together so as to form a bivalent radicle (llg- JI|{) ; 
thus : 


Mercuric chloride 
Mercuric oxide 
Mercurous chloride 
Mercurous oxide . 


lTg'CP = 200 

Hg"0 » 200 

(Ilg 2 )"Cl ? = 2 . 200 

(llg*)"0 = 2 . 200 


+ 2 . 3fi*5 = 271 
+ 16 ***216 
+ 2 . 3f>5 - 471 
+ 16 416 


There are also several compounds in which mercury forms part of a base or radirlo 
belonging to the types ammonia and ammonium, eg. bromide of mercurammomum 

Hg" J ; chloride of tet.ramercurammonium, (Ilg'pN^CR Trimercuramino, 

H* > ’ 

(Hg'l'N 3 , is known in the free shite. 

MERCUBY, A&X.OVS or AWALCJAMS OP. Mercury is capable of uniting 

with most other metals, form iiig comwiindK called amalgams, some ofwlliehare 
linnid while others are solid. The solid amalgams appear to bo for tho most part of 
Kite chemical constitution; while the liquid amalgams may bo regarded in many 
- , aa colntinns of definite eomtjounds in excess of mercury, inasmuch as when they 

instances as -himois leal her mercury containing but a small quantity of the other 

arepressed between chamois kan r, nr y g of ^.finite atomic constitution, 

metalpaasM through, whin a sot f ; however, the affinity by which the two 

remams behind. &»«■ >• ^’ b je ; for Jo u I e has shown that, many of those which 

metols are ^eM Lumbers of atoms of their component metals may be purtly decomposed 
? them t^ver, st“ng pressure, pin of the mercury boinp then forced oat, 

by subjorting the jy fe portion of tho other metals remstning behind® J* 

“ d .“ also i he formation of amalgams is attended with little or no contnu*i<*„ 

most instances . ‘ a “ r however, the contraction is considerabl*-. 

Vim lead and a few others, Yt is perceptible. The union of mercury w»th 
^um andtdiumls attend, si with Jerable evoiudon of heat. 

^wS^the mOT^uto W intact w7t”lhe other metal, either in the solid 




i sometimes taking plae£‘ 
of heat " 4-, S> 

ercuryinto the solution 
into the solution and ^reqipii 
f the mercury. In ffopf 
r means of ain amalgam of a";;. w 

sodium-salt is then formed, and the 

'' ' 



ten^Jtjpatufes, 

the other metal, 
M -Other metal. 
“ ^‘tation may 
.live metal, 
is precipitated 


[lum-salt is 

. V and unites with ^ T . 

o. Thointi’oduction of various metals into solutions o^Smercunr-salts, copper for 
example. In the case of si Iyer, gold, or platinum* which do not directly precipitate 
mercury from its solutions, the action must be, assisted t>y immersing a piece of 
zinc or iron into the solution, and bringing it in contact with the other metal, so as to 
form a voltaic circuit : thus a drop of solution of mercuric chloride laid on a piece of 
gokl will not amalgamate it; but if an iron wire or a key be placed in contact with 
the wetted surface of the gold, a wfjd$e spot of amalgam is immediately formed at tko 
point of contact. W* 

* 4. By ^placing the metal to be amalgamated in contact with mercury and with a 
£ilute acid* a voltaic circuit being also formed in this case. Thus when a zinc plate 
ig whetted with dilute sulphuric add, and mercury poured upon it, the zinc is immedi- 
ately amalgamated. 

Several amalgams are used in the arts. Tin amalgam is used for ‘silvering’ mirrors ; 
pf gold and sii ver in tho processes of gilding and silvering by heat ; cadmium- 
ns, copper-amalgams, and an amalgam of tin, gold, and silver, are used for 
J? teeth; an amalgam of zinc and tin, sometimes with addition of bismuth, is 
kfor coating the rubbers of electrical machines. 

Aluminit^m- amalgaml — Klauer (Ann. Oh. Pharm. x. 391) found that potas- 
sium-amalgam laid on a lump of alum, decomposed it, tho mercury taking up a con- 
siderable quantity of aluminium. Bottger (J. pr. Chem. i. 30,5) was not able to 
obtain an amalgam of aluminium in this manner ; and ■ according to Devi lie, metallic 
aluminium is not susceptible of amalgamation. 

According to Cailletet (Compt. rend. xliv. 1250), aluminium (also iron and 
platinum) may bo superficially amalgamated by contact with ammonium, or sodium- 
amalgam and water ; also when it is immersed in acidulated water in contact with 
metallic mercury forming the negativo pole of a voltaic battery. 

Ammonium -amalgam. See i. 188. 


Antimony -amalgam is said to be formed by triturating 3 pts. of heated mercury 
in contact with 1 part of fused antimony ; or by triturating 2 pts. of antimony in a 
mortar with a small quantity of hydrochloric acid, and gradually dropping in 1 pt of 

nUlWIlfV t T t ia onft DYW-1 ia V,.r _ i. _ , 1. j. * 


mercury. * It ib soft, and is decomposed by contact with air or water, the antimony 
separating in the form of a black powder. 

Ar senic- amalgam . — Bergmann states that a compound containing .5 pts. mer- 
cury to 1 pt. arsenic is produced by heating and triturating tho two metals together. 

Barium-amalgam may be prepared by the galvanic method, or better, perhaps, by 
decomposing a saturated solution of chloride of barium with sodium-amalgam. It is 
a soft pasty mass, in which a few sandy grains may bo felt. It is rapidly decomposed 
by water, and must therefore be kept under rock-oil. 

Bismuth-amalgam . — Mercury amalgamates bismuth even at ordinary tempera- 
tures; httt the amalgam is more quickly formed by pouring 2 pts. of hot mercury into 
1 pt, of melted bismuth. The amalgam, which is' soft at first, gradually becomes 
cry atallo-gran ular. Sodium-amalgam in contact jrith moist neutral nitrate of bismuth, 
or immersed in a solution of that salt, forms a oempact amalgam, with evolution of 
hydrogen, and separation of black pulverulent bismuth (B ottger). A small quantity 
of bismuth takes away but little of the fluidity of mercury, and is therefore used for 
adulterating that metal; according to Lucas, however (N. Trommsd. i. 195), mercury 
~ 1 ®i|g!*rated with only pt. of bismuth forms a black powder when agitated in the 
^‘1 pt of bismuth dissolved even in 1,200,000 pts. of mercury may be detected by 
addition of potaamifca-amttlgam and water, the bismuth being then raised by the 
action in thefishBi of a black powder, and attaching itself to the sides of the 
reesefr (gerullas, Anp.Ch. Phys. [3] xxxiv. 192.) 

amalgam. — Mercury combines readily with cadmium, even at ordinary 
< mp eratures, forming a silver-white granular amalgam, consisting of octahedral crystals ; ~ 
hira, brittle, heavier than mercury, and melting at 75°. When the mercury is com- 
pletely saturated with cadmium, the amalgam contains 78 26 pts. mercury to 21*74 
pts. cadmium, agreeing with the formula Hg*Cd (Stromeyer). Sodium- amalgam 
introduced into a solution of cadmium is converted into cadmium-amalgam. (Bo tiger.) 



Cobalt - is a©? easily prepared by the ^fion'^or 
cobalt-solutions* |pi^Maac]l im-fr considerable quantity of oob&lt-oxiae is 
cipitatevL Damotir immerse# an amalgam of 5 pU. mercury, and 1 pt. ainTm^ p ' Eiffi • 
solution of cobalt- ehkmd#i|rapeF8atUrated with anu^onia ; pours the liquid ^PwteT a 
few days, and decomposes it with fresh portions df' zinc-amalgam as long as any gas 
is thereby evolved ; and lastly, removes the excess of zinc by dilute sulphuric acid. 
The cobalt- amalgam thus obtained ts silver-white, soft and dull ; i« attracted by the 
magnet even when it contains zinc (?), and becomes covered with black, pulverulent 
oxidised cobalt when exposed to the air. 


Gopher- amalgam may be formed: 1 . By imbiersiug a piece of copper-foil in a 
solution of nitrate of mercury. — 2. By triturating mercury with common salt and 
verdigris. — 3. By triturating 2 pts. of mercury, 2f*of verdigris, and 1 of common salt 
with a small quantity of heated vinegar, which must be renewed as it evaporates, and 
purifying the amalgam by washing. — 4. By mixing 1 pt. of finely-divided eoppor-^ob-' 
tained by reducing the oxide with hydrogen, or by precipitation from the sulphate by itfud 
or iron — with a few drops of mercurous nitrate, and then triturating with 3 pts. of mereuiy, 
a light red amalgam is formed (Berzelius). — 6. Mercury placed in contact with the 
negative pole of a voltaic battery, and covered with solution of cupric sulphate into wlgtoh 
the positive wire dips, becomes perfectly saturated with copper (Grove, Phil. Mag^TS] 
xv. 83). According to Joule (Chem. Gaz. I860, p. 339), the amalgam thuB obtained has 
the composition CuHg; and the same definite compound is obtained by dissolving 
copper in mercury, ami removing the excess of the latter by strong pressure (Chem. 
Gaz. 1850, p. 339). When, however, the pressure is very strong, or is continued for a 
long time, the resulting amalgam contains more than 1 at. Cu to 1 at. Ilg (Joule, 
Chem. Soc. J. xvi. 382).— 6. Copper amalgam may also be formed by treating a solu- 
tion of cupric sulphate with sodium-amalgam (Klauor), or zinc-amalgam (Da in our). 
Sodium-amalgam immersed in a mixture of cupric sulphate and sal-ammoniac forms a , 
reddish or golden-yellow amalgam of copper and ammonium, which soon docutrij loses. 
— 7. A copper-amalgam used by the Purisian dentists for stopping teeth is prepared by 
triturating mercurous sulphate (obtained by heating together 10 grrns. of mercury and 
10 grms. of strong sulphuric acid) and finely-divided copper (obtained by precipitating a 
solution of 23-5 grms. cupric sulphate in 10 or 12 times its weight of water, with metallic 
iron). The materials are triturated together under hot water for 20 or 30 minutes ; the 
water then poured off, and the t rituration repeated with fresh quantities of water as long 
as the water exhibits any blue colour. The amalgam is then dnod, again triturated, thru 
well kneaded, and formed into small cakes, which become quite hard in 30 to 48 hours. 
The amalgam thus produced contains 3 pts. copper to 7 pts. mercury. An easior mode of 
preparing it is to moisten the precipitated copper with solution of mercurous nitrate, 
then pour hot water upon it, and incorporate the required quantity of mercury by tri- 
turation ; the mass, which is brittle at first, grudually softens under the pressure of the 


pestle. 

This amalgam, which becomes quite hard by keeping, is distinguished by the pro- 
perty of softening and acquiring the consistence and elasticity of clay bv continued 
poundinp or kneading, and recovering its hard crystalline character when left to iteelr 
for a few hours ; it may then be pulverised, exhibits a granu lo-cry stall in o ftaCture, 
and is hard enough to engrave upon tin. When heated it swells up, ana small 
globules of mercury show themselves on its surface, sinking into the mass again 
on cooling. On triturating the warmed lumps in a mortar, the amalgam is again 
obtained in the form of a highly plastic almost unctuous mass. Its density is the same 
in the soft as iu the hard state, so that it docs not expand or contract in hardeping, and 
therefore fills cavities air-tight when hard, into which it has been pressed in thejgg 
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therefore fills cavities air-tight when hard, into which it has been pressed ... . 
state It is on account of this property that the amalgam is HIM* for stopping 
but the copper which it contains renders it doc-idedly objectionj&le for that pi 


but the copper which it contains renders it decidedly objection#lc for that purpdiP 
It may however, be advantageously used for sealing bottles, tubes, &c., in cases 

where other plastic substances, cork, &c., cannot l>e used. 

Iridium-amalgam is obtained as a semi-fluid mass by dlbomposing i^ncoilv 
touted solution of sodio-iridic chloride with sodium- amalgam. ^ 

Gold -amalgam. — See Gold, Alloys of (ii. 927). 

Iron-amalgam. — Mercury and iron do not unite readily. A viscid amalgam is, 
however obtained by immersing sodium-amalgam containing 1 per cent, sodium in »v 
SETZSZtEl- of ferrous sulphate. In small globule it is attracted by Urn 
magnet, and when slowly heated on a watch-glass, exhibits tho vivid sparkling of 
Vox. IIL 3 L 
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Wording to Aikin, iion-pmalgw n&mtf&by tik action 
; but according to Bam ouf.it cafenot be produced 
(Cheat. Gaz. 1859, p. 339 ; Phem. Soc. J. afri. 37S)haa obtained 
j feutouBg iron by the electrolysis of a solution of ferrous sulphate, the negative 
■j x<k bdm & rmed of mercuiy. The following table exhibits the composition and 
physic Character of the compounds thus produced. > 


No. 

Composltlo% 

Specific ' 
gravity. 

■ . 1 I 

Remarks. 

Mercury. 

Iron. 

1 . 

100 

0T43 

. 

Perfectly fluid. 

2. 


1-39 

# 

Fluid. * 

3. 


297 


Semi -fluid. 

4. 


11*8 

12*19 

Soft. 

5. 


18*3 


Solid : colour, greyish- white. 

6. 


47*5 


Solid : good metallic lustre. 

J. 

8. 

4 

>» 

»» 

>> 

127*6 

14*74 

79 

10*11 

Solid : frable. 

< The superfluous mercury pressed out from 

J the semi-fluid amalgam by hand. 

{ Compressed rapidly, and with a force of 
j fifty tons on the square inch. 

i(t 

” 

103*2 


Ditto. 


Lead- amalgam. — See Lead, Alloys of (p. 534). 

Magnesium-amalgam. — Magnesium combines with mercury only when heated, 
nnd forms a solid amalgam, even with largo quantities of tho latter (Bussy). — 
2. The amalgam may also be obtained by electrolysis. — 3. By covering potassium or 
sodium-amalgam with solution of sulphate of magnesium (K 1 auer, Ann. Ch. Pharm. x. 

*89 ). — The amalgam thus obtained oxidises slowly in puro water, quickly in acidulated 
water. (H. Davy.) 

Manganese- amalgam is obtained by the action of sodium-amalgam on a strong 
solution of manganous chloride. It is viscid, with rough blackish surface, and when 
heated in contact with the air, gives off mercury, tarnishes, is converted into a stiff 
paste, and finally leaves brown manganoso- manganic oxide. 

Nickel-amalgam is obtained like cobalt-amalgam. It is solid; is attracted by 
the magnet ; ‘decomposes when exposed to the air, the nickel gradually oxidising till 
nothing but mercury is left; may be mixed with a larger quantity of mercury ; gives 
Up its nickel to hydrochloric and dilute sulphuric acid. 

Osmium-amalgam is formed, according to Tennant, by decomposing aqueous 
osmie acid with metallic mercury ; it is more or less fluid, according to the proportion 
of mercury contained in it. 

Palladium- amalgam is formed by agitating the solution of a palladium-salt with 
excess of mercury. The amalgam containing Pd 2 Hg is a grey powder, which, according 
to Berzelius, does not give off its mercury below a white heat. 

Platinum- amaf g a m. — Platinum in the compact state does nottake up mercury, but 
spongy platinum unites with it when the two are triturated together, in a warm mortar, 
or in contact with a small quantity of acetic acid. 'The amalgam of platinum is easily 
formed by immersing sodium-amalgam containing 1 per cent, sodium in a concentrated 
solution of platinie chloride ; Bodium-amalganj—ulso converts chloroplatinate of am- 
monium into platinum- amalgam, with evolution of ammonia and hydrogen. The 
amalgam is silvery, and does not give off mercury below a bright red heat. 

Joule (Chem. Soc, J. xvi. 384), by electric deposition of platinum on mercury, has 
obtained amalgams exhibiting the following composition and characters : 


Mercury. 

Platinum. 

Specific gravity. 

Characters. 

100 

15 48 

14*29 

Metallic lustre where rubbed. 

t| 

21*6 


Solid. Dark grey. 

” 

34*76 

14-69 

Dark grey ; no metallic lustre. 


An amalgam of 12 platinum to 100 mercury has a bright metallic lustre, and is soft 
and greasy to the touch. Pressed with a force of 12 tons to the square inch, it leave* 
a hard button of dark grey amalgam containing 43 2 pts. platinum to 100 mercury. 
Joule infers from these results that the solid amalgam of platinum containing t£o 
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largest quantity of mercury has the composition PtHg*. A thick pasty amalgam of 
platinum may be obtained by exposing mercury for some time to the action of plattnio 
chloride. 

Potassium-amalgam. — 1. The two metals unite even at ordinary temperature*, 
the combination being attended with great evolution of boat (II. Davy), 2, Whin 
mercury is placed in a cup connected with the negative pole of a voltaic battery of at 
least 20 pairs, and covered with a strong solution of potash in which a piece of 
hydrate of potassium is immersed, and into which the posifi^ wire dips,' the mercury 
takes up potassium (Berzelius). 1 pt. of potassium forms with 30 pts. of mercury 
an amalgam which, after cooling, is tolerably hard and brittle; with 70 pts. mercury 
it likewise forms an amalgam which is solid at ordinary temperatures, but with moro 
than 70 pts. it forms a liquid amalgam (H. Davy). According to Gay-Lussac and 
TJienard, the amalgam is solid and crystalline when it contains from 70 to 96 pts. of 
mercury to 1 pt. of potassium, but liquid when the proportion of mercury amounts to 
140. According to Bdttgor (J. pr. Chom. i. 303), the amalgam is perfectly solid 
when it contains 100 pts. of mercury to 1 pt. of potassium; with 140 mercury, it is 
very hard ; with 180 mercury, friable and partly crystallised; with 200 mercury, viscid. 
The amalgam crystallises in cubes (Borzeli us and Pontin). The solid amalgam 
fus$B when slightly heated. It gives oft itH mercury below a red heat (H. Davy). 
When exposed .to the air or immersed in water, it in resolved into mercury and aqueous 
potash, hydrogen gas being slowly evolved; a similar change is produced l»y aqueous 
acids. In contact with moist ammomacai salts, it i« resolved into a potassium-salt and. 
ammoniacal amalgam. It easily gives up its mercury to iron and platinum. „(H. 
Davy.) 

Silver-amalgam. — A native compound of mercury and of silver, called ‘amalgam ' 
by mineralogists, and having the composition Ag'TJg* or Ag-llg*, is found crystallised 
in octahedrons, rhombic dodecahedrons, and other forms of the regular system, with 
dod oca nodral cleavage in traces; also massive. 1 Ian 1 ness “ 3 to 3 m. Specific gravity 
** 10*5 to 14. Colour and streak silver-white ; opaque; fracture e.< uichoidal ; brittle, 
and gives a grating sound when cut with a knife. Klaproth found in amalgam from 
Mosehollnndsborg in the Palatinate, 36 per cent, silver and mercury, agreeing 
with the formula Ag*lJg*. II oyer, on the other hand, found in amalgam from 1 he 
sumo locality, only 25 per cent, silver, agreeing with Ag Jig" ; and a specimen from 
Alleniout in I.>uuphin6, analysed hy Cordier, exhibited nearly the same com|ajHit.ioii, 
» r iz. 275 per rent, silver. Amalgam also occurs at Itosenau in Hungary, Sal a in 
Sweden, Alrnaden in Spain, and in Chile. A native silver .-amalgam railed Anjnent , , 
occurring in crystals at Arqucros, Chile, contains, according to Domeyko, 13*5 per cent. 

silver, and 80’5 mercury, giving the formula Ag*Hg". 

Mercury is taken up by silver slowly at ordinary temperatures, but quickly when the 
metal, in the form of athin lamina, or in powder, is introduced at a red heat, into lieu od 
mercury. Me tallic mercury immersed in a solution of silver-nitrate, precipitates bo 
silver in the form of a crystalline amalgam, called a silver tree, or Art*, r Mams Jim 
silver- solution should bo somewhat acid, and not too much concentrated. A soft 
silver-amalgam ; s formed fry the action of sodium-amalgam on si strong solution of 

B1 ^ Art ific lid °s i 1 v er-um al gam varies in character, according to it s composition and tlio 
circumstances of its formation, boingsometin.es a soft, «r 

sometimes consisting of ramifications of prismatic crystals placi J nidtooml. Joulo 
Sir the amafcam moat readily formed by the acts,.. of mercury o.. nitrate of 
Xerlis on the average, the competin'. Ag’Ilg. When tho action .a assisted by 
„ k „l the mercury the negative i-.lo of a voltaic battery amalgams richer in stiver 
are obtained. Tho mean condition of tho amalgam, after bom g subjected to a 
pressure of 72 tone on the squaro inch, « 43 71 silver to 100 mercury. I ' ™- 

bination of mercury and silvVr ia attended with a comnderablo contr.mt.on <Vf volume. 

Sodium-amalgam. — Sodium combines rapidly with mercury at ordinary tompei*- 
h,™ the combination being attonded with a hissing no, so and vivid combustion 
fQavi.uasac and Thinard, Itrchfrehrs, i. 246). A piece of sodium forcibly ^ thrown 
(Gay M thrown out of tho vessel with explosion, in consequence of tho great 


upon mercury, u. ’^‘hys ! 21,1. S28). To to™ tho amalgam, th. 
two* metal* should be triturated together in idly mortar fitted with i t cover and th. 
mixture immersed in rock-oil as soon as tho comlmstmn is over (Uottg.r). Th 
amalgam has the colour of mercury. 

_ . D « . • . 1 hi., L m m /1 iinflav thi 


WUn it contains 30 pts. of mercury to 1 pfc. of 
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mercury and 1 of sodium form a compound which exhibits a confused crystalline 
structure (Gay-Lussac and Th^nard). 80 pts. mercuiy to 1 sodium: pasty at 
21° (Bottger). 86 mercuiy to 1 sodium: a mass containing numerous small 
granular crystals (Gay Lussac and Thenar d). 100 mercury to one sodium : 

viscid, and consisting of a solid and a liquid portion (Bottger). 128 mercury to 
1 sodiuta: liquid (Gay-Lussac and Thenard). Sodium-amalgam exhibits the 
same reactions as potassium-amalgam. It likewise amalgamates iron and platinum 
(H. Davy). It decomposes the salts of barium and strontium, and many heavy 
metallic salts, when a small quantity of water is present, the product being a compound 
of mercury with the heavy metal (Bottger, J. pr. Chem. iii. 283). It is now much 
used as a reducing or hydrogenating agent for effecting the substitution of hydrogen 
for chlorine, bromine, &c., in organic compounds. • 

Amalgam of Potassium and Sodium . — 5 pts. potassium and ^ pt. sodium melted 
together by heating them under rock-oil, form an alloy which is fluid like mercuiy^ at 
9°, but when brought in contact with 100 pts. of mercury, unites therewith into a 
very solid mass. (Bottger.) 

Strontium-amalgam. — Prepared like that of barium, which it resembles, but 
decomposes more quickly under a mixture of the solutions of chloride of strontium and 
chloride of calcium, as well as under water. When exposed to the air for eight or ten 
hours, it is converted into carbonate of strontium, with separation of mercury. 

Tellurium- am a! gam Mercury and tellurium are said to unite directly, form- 
ing a tin-coloured amalgam. 

Thallium- amalgam. — The two metals unite readily, forming a crystalline 
amalgam. (Crookes.) 

Tin-amalgam. — Mercury and tin unite quickly, even at ordinary temperatures, 
still more quickly on pouring mercury into melted tin. A piece of tin, the lower end 
of which is immersed for four weeks in mercury, is penetrated through and through 
by the mercury, and exhibits cracks ; its lower end becomes attenuated by solution of 
the metal, and the immersed part is found to be covered with six-sided tables, some 
*f which float about in the mercury. If a square bar of tin, whether cast in a square 
form, or hammered or filed square from a round bar, be kept for a few days under 
mercury, it splits in directions proceeding from the lateral edges to the opposite 
diagonals, thereby dividing itself into four triangular prisms, easily separated by a 
knife ; at the same time, a four- sided pyramid is formed at each end of the square bar. 
If the piece of tin lias any other form, cracks are produced in other directions 
(Danicll, J. of Roy. Inst. i. 1). Sodium-amalgam immersed in a concentrated solu- 
tion of stannous chloride, yields a viscid amalgam of tin. (Bottger.) 

Tin-amalgam has a tin-white colour; and if the mercury is not in too great excess, 
is brittle, granular, and according to Daubenton. crystallises in cubes. 

Sn*Hg anti Snlig do not. fuse till heated above 100°. (Regnault.) 

Sn s Hg has at 26° a specific gravity of 8 8218; Sn 2 Hg, 9*3185; SnHg, 10 3447; 
SnIIg*, 11 3816. 1 vol. of tin with 1 vol. of mercury forms an alloy whose specific 

gravity at 27° is 10*4729 ; 1 vol. tin with 2 vol. mercury, 11*4646; and 1 vol. tin with 
3 vol. mercury, 12*0267. In moat cases, therefore, condensation takes place ; in the 
single instance of 1 vol. tin to 2 vol. mercury, however, this condensation is scarcely 
perceptible. (Kupffer, Ann. Ch. Phys. [2] xl. 293.) 

The compound obtained by fusing 4 pts. of tin with 1 pt. of mercury, yields, if pul- 
verised after cooling, a kind of mosaic silver, which, when rubbed on the polishing- 
stone, acquires the metallic lustre. The silvering <Jf mirrors is likewise an amalgam 
of tin. ' 

Joule obtained beautiful crystalline amalgams by making mercury negative in a 
solution of stannous chloride. The amalgam containing 100 mercury to 61 pts. tin, 
had a specific gravity of 10*518 ; that containing 100 mercury to 44*1 tin, a specific 
gravity of 10*94: hence the combination is attended with contraction of volumes. 
The amalgam of tin is decomposed by pressure, the mercury left after long-continued 
high pressure having a volume little more than one-eighth of the entire mass. 

An amalgam of tin and bismuth is obtained by molting together 2 pts. of tin, 2 pts. 
of bismuth, and 1 pt. of mercury. 

An amalgam of 2 pts. tin and 1 pt. cadmium is used for stopping teeth. The two 
metals are melted in an iron ladle, slightly warmed ; mercury is added; the whole 
is poured into an iron mortar, and rubbed with a wooden pestle, till it acquires a soft 
buttery Consistence ; and the excess of mercury is squeezed out through leather. The 
residue is almost granular, but becomes soft and plastic^when kneaded by the hand. 

amalgam of tin and lead may be formed by introducing an alloy of the two 
metals into mercury. 

Amalgams containing tin, lead and bismuth are described under Lead (p. 537). An 
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amalgam of 8 pts. bismuth, 5 lead, 3 tin, and 7 or 8 mercury is recommended by 
Bra me for coating the rubbers of electrical machines. 

An amalgam of tin, silrr and gold is also used as a cement for the teeth. It is 
prepared by melting together 1 pt. gold and 3 pts. silver, adding 2 pts. tin to the 
melted mass, pulverising the resulting alloy, and kneading it together with an equal 
weight of mercury. 

Zinc-amalgam. — When zinc-filings are triturated with mercury, at ordinary 
temperatures, combination takes place slowly ; at a higher temperature, still somewhat 
under the boiling point of mercury, the metals combine easily, ami still more readily 
when mercury is mixed with melted zinc. A bar of zinc, immersed to half its length 
in mercury for ten days, becomes pointed at bottom, and covered, especially on the 
upper part of the immersed end, with six-sided tables of the amalgam ^DaniellV 
Wfien zinc is placed in contact, with mercury and a dilute acid, a galvanic action is set 
up (ii. 420), and tho zinc becomes covered with mercury, which then penetrates into 
the interior, and converts the whole of the metal into an amalgam. As soon as the 
zinc is completely covered with mercury, the evolution of hydrogen censes ; bnt.it 
begins again on bringing the amalgam in contact with iron, copper, or platinum, to 
which metals the mercury is then transferred (Dobcrciner). Sodium-amalgam 
immersed in a concentrated solution of sulphate of zinc, forms a viscid amalgam of 
zinc. (Bbttger.) 

The amalgam is usually prepared by cooling melted zinc to as low a temperature as 
it will boar without solidifying, and then pouring in the mercury in a fine stream, 
keeping the liquid constantly stirred. If this precaution be neglected, part of the 
mercury is converted into vapour, sometimes throwing the un ited metal id. tout. 

8 pts. zinc to 1 pt. mercury : very brittle. 

1 pt. zinc and 4 or 5 pts. mercury form an amalgam sometimes used for coating tho 
rubbers of electric machines ; it is brittle and pulverulent. 

1 pt. zinc to 8 pts. mercury: tin-white, granular, brittle; melts at tin* boiling point 
of olive-oil, but does not give off mercury till raised fo a higher temperature. At a 
dull red heat, it decrepitates strongly; at a stronger ml heat, it burns with great 
brilliancy It is permanent in dry air Cold dilute nilrie acid decomposes it readily, 
and leaves the mercury unaltered' till all the zinc is dissolved. Bilute sulphuric and 
hydrochloric acid act on it but slowly. Ammonia and sal-ammoniac also dissolve out 
the zinc very slowly, and form water. Zine-anialgain immersed in the solution of a 
neutral salt of chromium, uruuinin, manganese, or iron, merely thrown down tho oxide ; 
but from neutral solutions of cobalt, nickel, and copper, it precipitates the metal, 
which then combines with the mercury. (I) am our, Ann. Min. (3J xv. 41 ; also 


J. pr. Chem. xvii. 343.) 

From an amalgam richer in mercury, six-sided lamina* continuing 2 pts. zinc and 6 
mercury separate out on cooling. 1 he portion which remains liquid is a solution of 
zinc in excess of mercury. 1 pt. of zinc dissolved in 8,000 pts. of mercury may be 
detected by the black powder which forms on the surface when the mercury is agitated 


in contact with the air. 

Zinc-amalgam immersed in caustic potash liberates pure hydrogen. \\ lien zinc- 
amalgam is immersed in aqueous ferrous chloride, and a crystal of a nitrate is placed 
upon it, a black spot is gradually formed on the surface of the amalgam, eonsisUng 
of reduced iron, which is immediately taken up by the mercury 1 he presence of 
a nitrate is essential to the production of this effect ; chlorates and other salts do not 
produce it. (Runge, Pogg. Ann ix. 479.) . . 

Joule, by the electrolytic method, has obtained amalgams of zinc having the following 

composition and properties: 


Mercury. 

| Zinc. 

100 

! 30-4 


j 122 8 

” 

134*9 


Specific uravity. 


1 .1 1 
8 <135 
8-310 


White and crystalline. j 

Prepared from hot sulphate of zineJ 


Th« ifeerMc gravity of the «r*t of thc*c amalgam* indicate* a certain contraction of 
■volume, ^^rewrare appear* to decompose it, mercury la-mg expelled till the amalgam 

TO, AmalE*!n!i > of tin and fine arc uwd for coat ing tho mM.ers of doctrinal machine*. 
Ki^nmayer'recommend* a, the he* proportion : 1 pt. r-tac. 1 pt. t.n, and 2 pt*. memoy, 
Singer recommend* 2 pt*. aloe, 1 pt. t.n. and 3J to 6 pt*. mercury. 

mnC TOT, AHTIKOKIOI or. See page 888. 
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MBRCtmT, ARSEVZDE or. Boo page 830. 

MERCV317, BROMIDES OF. Mercury forms two bromides, distinguished 
as mercurous and mercuric. 

a. Mercurous Bromide. (IIg 5 )"Br 2 . — This compound is formed: 1. By 
subliming an intimate mixture of 1 at. mercury and 1 at. mercuric bromide (Low ig). — 
2. By precipitating mercurous nitrate with aqueous bromide of potassium (Balard). 
When prepared by the first process, it forms a fibrous mass (Ldwig); long needles 
which are yellow while hot, but become whitish on cooling (O. Henry, J. Pharm. 
xv. 50). By (2): wliito powder (Balard); yellowish-white flakes (O. Henry). 
Specific gravity 7‘307 (Karsten). It is tasteless and inodorous; fusible, and vola- 
tilises undccom posed at a low red heat. 

When heated with phosphorus, it is resolved into bromide of phosphorus and phos- 
phide of mercury (Low i g). Treated with cold aqueous ammonia, and then washed 
with water containing ammonia, it leaves a grey powder, which contains globules of 
mercury, and when heated, gives off ammonia, and yields a sublimate of mercury, 
mercurous bromide, and mercuric bromide (Itammel sberg). With caustic potash, it 
yields mercurous oxide and bromide of potassium. When boiled with aqueous bromide 
or chloride of ammonium , it yields a solution of mercuric bromide, with a residue of 
metallic mercury (Ldwig). It is not perceptibly soluble in cold carbonate , chloride , 
or succinate of ammonium , while the same liquids, when hot, dissolve it with tolerable 
facility, leaving, however, a grey-pulverulent residue [metallic mercury] ; it is not 
perceptibly soluble in sulphate or nitrate of ammonium , even at the boiling heat. 
(Wittstein.) 

£. Mercuric Bromide. Hg"Br a . — *1. Mercury unites with bromine at ordinary 
temperatures, forming this compound, the combination being attended with evo- 
lution of heat, but not of light (Balard). — 2. The same compound is formed by 
agitating mercury with water, adding bromine as long as its colour is destroyed, then 
boiling, filtering, and leaving the solution to crystallise. — 3. By dissolving mercuric 
oxide in hot aqueous hydrobromic acid, and leaving the solution to crystallise, — 4. By 
subliming mercuric sulphate with bromide of potassium (Lb wig). The sublimate 
contains also mercurous bromide (0. Heury). — 5. By mixing aqueohs mercuric 
nitrate with bromide of potassium, evaporating as’ long as bromide ©f mercury 
crystallises out, and purifying the product by solution in alcohol. The mother-liquid 
evaporated to dryness leaves a rosidue, from which boiling alcohol still extracts a 
small quantity of the compound. (Ldwig.) 

Mercuric bromido crystallises from the aqueous solution in soft, silvery lamime; from 
the alcoholic solution in white noodles (Ldwig.) According to Ilandl (Jahresb. 
1859, p. 220), the crystals are rhombic prisms, ooP . oP, eleavablo parallel to oP, 
and having the angles ooP ; ooP = 08° 24' and 111° 20'. They are isomorphous 
with sublimed mercuric chloride. The product obtained by (6) has, after drying at a 
strong heat, a specific gravity of 5 9202 (Karsten). Mercuric bromide melts ami 
sublimes when heated. It dissolves in 94 pts. water at 9° (Lassaigne) and in 
4 pts. of boiling water, the greater part separating as the liquids cool. The aqueous 
solution reddens litmus. It dissolves very easily in alcohol , still more in ether. 

With phosphorus it forms bromide of phosphorus. Heated with antimony or 
arsenic, it gives up its bromine. Its aqueous solution exposed to sun-light , or placed 
in contact with mercury or copper, or mixed with cuprous bromide dissolved in hydro- 
bromic ncid, deposits mercurous bromide. Witlm small quantity of sutphi/dric acid 
it yields a white, and with a larger quality a black precipitate (it. Ilose). 
With ammonia it forms a white, with fixed <5£dkalis a yellow precipitate (Ldwig). 
Hippochlorite of sodium added to the solutioti throws down mercuric oxychloride 
(Rammelsb erg), and hypochlorous acid converts mercuric bromide into mercuric 
chloride and hromate, the action being attended with evolution of chlorine and bromine 
(Balard). Heated with nitric or sulphuric acid , it gives off vapour of bromine 
(Balard); but according to H. Rose (Analyt. Chem.) it is not decompose^ by 
sulphuric acid. \ 

Double Salts of Mercuric Bromide. — Mercuric bromido unites with the 
more basic metallic bromides, forming easily soluble double salts (called by BonsdorfF, 
bromohydrar^y’rates). losing thereby its power of reddening litmus. Those con- 
taining the bromides of the alkali-metals are crystallisable. 

Ammonium-salt. — Mercuric bromide dissolves abundantly in aqueous bromide of 
ammonium. Alkaline carbonates added to the solution throw down bromide of dimer- 
curanamonium. (Ldwig.) 

The barium-salt crystallises in highly lustrous prisms, which deliquesce in moist 
air. (Bonsdorff.) 

Calcium-salt. — A solution of bromido of calcium saturated with mercuric bromide 
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vieldfi by spontaneous evaporations,* at first tetrahedrons and octahedrons, which have 
a strong lustre, are permanent in the air, and are decomposed by a small quantity of 
water, but dissolve completely when heated and crystallise out again on cooling. If 
the evaporation be carried further, prisms or noodles are obtained, which deliquesce 
Aven in dry air. (Bonsdorff.l 

The iron-salt [? ferric or ferrous] forms yellowish very deliquescent prisms. 

(B Z™esLm-L/ts.-A solution of mercuric bromide end bromide of magnesium 
Yields^ bv evaporation over oil of vitriol, first broad thin lamime. permanent in the air 
Ld probably^ontaining Mgllg’Br*?, thou very deliquescent crystals containing 
MgHaBr-. (Bonsdartn 

The manqaneae-mlt crystallises in light rod very hygroscopic prisms. 
maZtLalt *.- A solution of the salt h’llg It.- or Kltr.llg Mr* « obtained bv 
saturating a cold moderately concentrated solution ot bromide <»l potassium with 
mercuric ^bromide in anhydrous yellow octahedrons fLowig). in flat rhombic prisms 

J»«'y Tartly if rhombic prisms, and del,- 

quesces in moist air. , „ B(1 f(lrnls soluble in water in all 

proportion™—^, 'srllg^llr* or SrMrV2Hgllrb ^h"! 

tlietTy'hdds snilill ery.als of , basalt , 

{L n: S 'Lc-'aU crystallises in prisms and tables deliquescent in moist, air. 

CHLORIDES Or. Mercury forms two chlorides, nm.logoua to 

.tke broraidoR. /jj g jy (V —Ifnnichfori'b, I»‘ hlori<1'\ Suhchlorki<\ Proto- 

r ^Z/',r Kalam,-! ;’chl»r,l am htplrarpyri, 
fiu.bhm.at, orrm^tc, r * , , , ( loti, Ilrnc ■■ m itujatu*. 

3SS 1’aumra a^uri.,1,, , 

combination i* . _ ' L 1 ^ the^ 'terminal "edges l l H° T_, in the lateral 

of principal axis - 1 744 • crV Htallin« coats and granular. Hardncw * 1 <o 

edges - M° S6 11 “JS? V"" a dirty white colm.r and adamantine us, re, 

2 . Specific gravity -6 482 . J n snlintera. Soctilc. I'rncture conchoi«lnl. 

yellow when scratched ; in the Palatinate, also at the quick- 

It ia found, with cinnabar at Mos<-li, MatioMc rg .^ ^ ^ ^ ^ . ^ 

silver mines of Idria and Almat en, 1 • j * ( |j r ,, cf eonihinntiou of mercury end 
Mercurous chloride is Ponced. J; > ....jeltly at the boiling heat of merenrv. 
chlorine, slowly at ordinary ( • n^.jal, red flame, and mercuric chloride 

the combination being then attend d w .hM rfiir .^ ^ wi , h m ,. tlll |,r mercury. 

L ^^ne^^^W^aeid.-fi. My -on of hydrorh.orie acid on 

>y the present:* j m „ r riirou8 hi 


nn mercuric chloride, 
chloride. the a^t ion bring nrcderatM 
4 Bv agitating mercury t 

by the presence of free ^ m , rc ' lir0 J salt with a soluble chloride, 

mercurous oxide, or y p P , m l v , .mlent form, railed calomel, is ex- 

Preparation.— -Mercurous eh ends in th 1 ^ ^ ^ ^ ( , |( ( , ry ( , r wet way. 

teiwively n80 ^ in mcdicuin ‘ • - . J 4 f (i u t.) of mercuric chloride with A 

a. Inthedryma, /r \. Vy 'T ^'‘^.^msl with water or alcohol, and the »ntu- 
n of mercury, the mixture fluidity— then gradually lu ating the 

ration continued till the mcrciiry as large' port ion of the tnerenrie chloride 

“ U: Hg’SO* + 2Kaa - Na’SO" + HgVP. 

Planche (Ann. Chiim £j, ® f } wter?riU !h^flu'id,™y ^“SemJ’ul' mdertroyed. and 
mercuric sulphate, a -n<x o p - 
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hoats the resulting mercurous sulphate with aD equal weight of common salt, till a 
sublimate is obtained.— 3. By deadening 2 at. mercury with 2 at. common salt and 1 
at. peroxide of manganese, and heating the mixture to sublimation with 2 at. sulphuric 
acid : 

Hg'i + 2NuCl + MnO* + 2IFSO* = Hg’Cl* + K,W + MnSO- + 2H ! 0. 

4 > J3y triturating mercury with common salt, forric sulphate, and a small quantity of 
water, till tho metal has lost its fluidity, and subjecting tho mixture to sublimation. 
(Schaf fhaut.l), Ann. Ch. Pharm. xliii. 25.) The basic forric sulphate, often occurring 
as a waste product, may bo made available for this process ; a small quantity of forric 
chloride may sublime together with the calomel (Sc haffhiiutl). The reaction is 
probably : 

Fe 2 (SO*) 3 + GNaCl + Hg 2 = 3(Na 2 SO<) + 2FeCl 2 + Hg 2 CR 

The calomel set free in the form of vapour by either of these processes (1 — 4^, is 
either allowed to collect in the form of a dense, fibrous sublimate, and the product 
carefully pulverised ; or the calomel vapour is cooled under such circumstances that it 
solidifies in the form of a soft powder instead of a solid cake. This object is attained, 
according to Jewel and O. Henry (J. Pharm. viii. 545), by causing the calomel vapour 
to pass into a chamber into which vapour of water is injected on the other side. 
According to the process now adopted in this country, on the other hand, the calomel, 
or the ingredients from which it is prepared, is heated in a cast-iron cylinder 2£ feet 
long and 1 foot wide, one end of which is provided with an opening serving to introduce 
und remove the materials, and closed during the operation, while the other end ter- 
minates in a contracted neck which opens into the upper part of a brick chamber, 

4 feet long and broad, and 6 feet high. In this chamber the calomel condenses in 
the form of a soft, powder. As the iron of the tube decomposes a portion of*tlie 
calomel, a small quantity of mercuric chloride is added to the mixture (Calvert, 
J. Pharm. [3] iii. 121). Soubeiran (J. Pharm. xxix. 502) adopts the same process, 
excepting that he heats the materials in an earthen retort, and uses a larg* earthen 
vessel as a condensing chamber. The pulverulent calomel obtained by either of thpse . 
processes is washed with a large quantity of warm water, or a small quantity of 
warm alcohol, to free it from the corrosive sublimate with which it is usually con- , 
taminated. 

0. In the wet. u:ay.— 1. By precipitating a warm dilute solution of mercurous nitrate . 
with excess of common salt or sal-ammoniac, and washing the precipitate thoroughly ' 
with cold water. The calomel obtained by this process, first proposed by Sc he ale, 
is in tho form of a remarkably fine powder, and has consequently somewhat more 
active medicinal properties than the ordinary preparation. Its more energetic action 
may perhaps be part ly due to an admixture of basic mercurous nitrate, or mercuric 
oxido, which, according to Buchner, Mia 1 he, and others, are sometimes found in it. 
This admixture, however, does not occur if the solution of mercurous nitrate be largely 
diluted, and, if necessary, filtered, before being mixed with the soluble chloride, and 
if the common salt or sal-ammoniac be added in excess, and the liquid heatea for 
some time in contact with the precipitate. To the same end, Sefstr dm, Geiger, 
and Trautwein (Jtepert. Pharm. xi. 72; xii. 155) recommend that a li|tl,e ijjpric 
acid be added to the mercurous solution before mixing; and Chenevix advises tho 
addition of hydrochloric acid to the solution of common salt. In that ease, however, 
the liquid must not be heated so much, as, otherwise, part of the calomel will be re-/ 
dissolved in the form of mercuric chloride. According to D u m a s, the calomel obfrringi 
by the use of common sidt always contains morepr less of that substance, and cannot 
be freed from it by washing; the presence of thffSalt renders the calomel thus prepared 
more soluble than that obtained by sublima>H?n ; but Mialhe (J. Pharm. xxii. 
586) found only traces of common salt, and no' difference in the solubility.— 2. Sul- 
phurous acid gas, evolved by heating sulphuric acid with charcoal, is passed 4nfo a 
solution of mercuric chloride saturated at 50°. The reaction is as follows r , 

2HgCl a + SO 3 + 2IPO = Hg 2 Cl* + 2IJC1 + H'SO*. 

The filtered liquid still contains a certain quantity of undecomposed mercuric chloride, 
and, therefore, still gives a precipitate of calomeLwhen heated with sulphurous, add 
to the boiling point (Wohler, Aim. Ch. Pharm. xc. 124). According to Sartoriua 
{ibid. xevi. 325), the decomposition* almost complete in the first instance, provided 
the solution is sufficiently dilute (1 pt. mercuric chloride to 80 water) and the liquid 
saturated with sulphurous acid is heated for some time to 70° or 80°. Calculation 
requires a product of 84 per cent. ; experiment gave 84 6 per cent. 

Impurities and Adulteration*. — 1. Mercuric chloride : Cold water or alcohol agitated 
with the powder for somf* time and then filtered,' turns brown on the addition of 
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sulphydrie acid, &c* 2. Basic mercurous or mercuric nitrates: Bed fumes evolved 

on beating the substance in a flask or tube till it sublimes. 3. Metallic mercury; Grey 
colour ; globules of mercury discernible under the microscope. 4. Pounded heavy spar 
and similar impurities remain behind on sublimation. 5. Gum and other organic 
substances: Empyreuinatic odour on the application of heat; solubility in water or 
alcohol, &c. 

Properties. — Sublimed calomel crystallises in dimetric forms like the native mineral, 
but the prisms are generally united in fibrous masses. Specific gravity of the artificial 
product, 6*9920 (Kars ten); 71 10 (P. It null ay). Vapour-density, according to 

Mitaclierlich’s observation, 8 35 ; by calc, for HgCl. 8 25 ^ ? x 0 0693). 

It is dirty white, translucent, and lias a very high refractive and dispersive power; it 
inquires a transient yellow colour when heated in the state of powder. Precipitated 
calomel is a white, heavy powder, with a tinge of lemon-yellow. Calomel volatilises 
below a red heat, without previous fusion. According to Faraday, it does not volatilise 
at ordinary temperatures. It is tasteless and inodorous, and may he regarded as quite 
insoluble in water ; for. according to Pfaflf, a perceptible precipitate is produced in 
a solution of mercurous nitrate by hydrochloric acid diluted with 250,000 pts. of water. 

Decompositions. — - 1. Calomel becomes dark grev on exposure to light. — *2. Ilented 
in a current of jdwsphorus-vapour, it. yields phosphite of mercury and trichloride of 
phosphorus (H. Davy). 3. When heated with it small quantity of sulphur, it yields 
cinnabar and mercuric chloride ; with a larger quantity of sulphur, the products are 
cinnabar and chloride of sulphur: 

Hg s Cl a -s 8 - HgOl* 4 HgS 

and Hg*ri'-* 4- 8« - 21IgS 4- SHT 


4. When immersed in cohl jiqnoouR sulphurous acid , it turns grey, and in the snmo 
liquid at the boiling heat it becomes greyish-black, from loss of chlorino. In this 
groyish-black powder, no metallic mercury can bo discovered with the hum; but when 
heated, it ih resolved into calomel and metallic mercury ; it is probably, therefore, a 

subchloride (A. Vogel). 5. Calomel given up its chlorine to many metuh, both in the 

drv and in the wet way. On boiling it with copper and water, a green solution is 
quickly formed, and the copper becomes covered with a black film, from which hydro- 
chloric acid extracts cupric oxide, leaving a residue of metallic mercury (A. Vogel, 
J. pr. Chcni. viii. 107 ). 6. Hy aqueous stannous chloride, it is reduced to the metallic 

state, after some time at ordinary temperatures, but quickly oil boiling (A. Vogel, 
Kast.n. Arch. xxiu. 78). — 7. With (risulphidr (, mineral kermes)or pentasulphide of art - 
tnnony. if is gradually converted into black sulphide of mercury ami trichloride of 
antimony. — 8. Calomel triturated with iodine and water, yields mercuric chloride, 
which dissolves, and mercuric iodide, of which the water takes up u small portion. 
■{Plane he and So u her a in, J. Miami, xii. 651.) 

■' Hg’Cl* 4 I* - HgCl* 4 I! gl* 


f f); Calomel digested in aqueous solutions of the iodides of the alkali metals, magnesium 
riiajhSt M&n, yields dark green mercurous iodide, and an aqueous metallic chloride. 
The mercurous iodide thus produced remains unchanged for a long time in the dark ; 
bu^t when ex posed to light it first, boeomes yellow, and then red from loss of mercury — 
fusca into a black-brown liqui^-— gives off mercury am! mercuric iodide -and loaves 
.^aligbihB residue of metallic chloride, together with the e xcess of metallic mdido 
employed (Labour^, J. Pharm. iv. 329). 10. lint nitric arid dissolves calomel, with 

evolution of nitric oxide gas, forming a solution ot mercuric chloride and mercuric 
nitrate : 

? 3Hg*Cl* + 4HNO* » SffgCl 2 4 3H«NO* +^TPO 4 - NO. , 

Cold sulphuric acid neither dissolves nor decomposes calomel, even after a longtime ; 
but hot sulphuric acid dissolves it (the. liquid solidifying to a white saline mass on 
cooling) giving off sulphurous anhydride, yielding a sublimate of mercuric chloride, and 
leaving a residue of mercuric chloride mixed with mercuric, sulphate. (A. V ogcl.) 


Hg-Cl* 4- 2H 2 SO* = HgCl 3 4 HgSO* 4- 80* 4- 2110. 

11 QdMMl immersed in aqncoaa hydrocyanic acid yields metallic mrrcvrj and a 
liquid which contains cyanide of merenry and hydrochloric arid (hr heel e, ( pu«. it. 
1961 Part of the calomel, however, remains nrsleconipos.d. or, at least. uinlisaolvea, 
even when an eacew. of hydrocyanic acid it. present ; the nudia <>lv«l portion i* not 
metallic mercury, hut. a black powder which, when heated, give* off calomel vapour, 
together with a small quantity of permanent gas, and leave* a carbomu coua powder 
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(Soubeiran, J. Pharm. xv. 623). The decomposition by hydrocyanic acid must there- 
for© be more complicated than that which would be expressed by the equation : 
Hg ? Cl 2 + 2HCy = Hg + EgCy 2 + 2HC1, 

and deserves further examination ; to the medical practitioner, it is important to know 
that the mild substance calomel is converted by hydrocyanic acid into a compound 
which acts so violently as cyanide of mercury. — 1 2. Calomel heated with dr ^ fixed 
alkali e, yields mercury, oxygen gas, and a chloride of the alkali-metal : 

Hg z CF + 2KHO = 2KC1 + Hg 2 + IPO + 0. 

By aqueous fixed alkalis it is converted into black mercurous oxide, a chloride of the 
alkali-metal remaining in solution. Calomel likewise blackens when immersed in aqueous 
ammonia , not, however, by conversion into mercurous oxide, but into chloride of mer- 
£*urosiimmonium (NH s IIhg)Cl. The supernatant ammoniacal liquid contains a smaR 
quantity of mercury in solution. Carbonate of ammonium colours calomel grey and 
quickly dissolves it, with the exception of a small grey residue of metallic mercury. 
Carbonate of magnesium exerts no action in the cold, even in the presence of water ; 
but at the boiling heat, carbonic anhydride is evolved, mercury separated, and a solution 
formed, containing mercuric oxide in combination with magnesia (Buchner, Repert. 
Pharm. iii. 31 ; iv. 289). According to A. Vogel, Jun. (Repert. Pharm. [3] i. 34), 
calomel heated with water and carbonate of calcium (or magnesium) is converted into 
mercurous (and mercuric ?) oxide and metallic mercury, carbonic anhydride being 
evolved and chloride of calcium formed. The carbonates of barium and strontium 
act in a similar manner, but not. so strongly. When calomel is boiled with pounded 
gypsum, chloride of calcium and mercuric sulphate are formed; a similar effect is 
produced by boiling with sulphate of sodium. — 13. By aqueous vapour and boiling 
water , calomel is partly converted into metallic mercury, or into a. grey compound of 
calomel with excess of mercury and soluble mercuric chloride. — 14. Boiling hydro- 
chloric acid- quickly converts calomel into mercuric chloride and metallic mercury. 
On the other hand, when water containing hydrochloric acid is boiled in an open 
vessel with calomel, the calomel is completely converted into mercuric chloride, without 
separation of mercury. 

Chloride of potassium, chloride of sodium , and especially chloride of ammonium , 
convert calomel into mercuric chloride, and unite with the latter forming double salts. 
Hence calomel should never be prescribed for internal use in conjunction with either 
of these alkaline chlorides, especially sal-ammoniac. I For further details relating to 
this and other reactions of calomel, see Gindin's Handbook , vi. 48-53.] 

Compounds of Mercurous Chloride. — a. With Ammonia. 100 pts. of dry 
calomel absorb 7’38 pts. ammonia-gas, forming tin* compound N-lP‘(irg 2 )"01 2 . The com- 
pound is black, but gives off ammonia on exposure to the air. and leaves whit© 
mercurous chloride (H. Rose). S<*e Mkrcuicy-haskh, Ammoniacai.. 

#. With Chloride of Sulphur. Hg 2 CI 2 .SCl\ — Produced by intimately triturating 
27 pts. mercuric chloride and 0 pts. washed and dried ilowers of sulphur, and gently 
heating the mixture in a porcelain dish covered with a glass funnel; it then eftlorescos 
in slender crystals. These must be taken out. after cooling and the operation repeated 
as long as any efflorescence is produced. The compound may also be prepared by 
mixing calomel and dichloride of sulphur to a stiff paste in a retort, and gently heating 
the mixture after it has stood for twenty-four hours. The excess of sulphur-chloride 
then distils over first ; afterwards the mass gradually molts and acquires a rod colour; 
and finally the salt sublimes in right rectangular prisms with rhombic acumina- 
tion ; they are yellowish white when cold. ancUare instantly decomposed by water. 
(Capit.aine, J. Pharm. xxv. 625 and 566.) 

7 . With Platinous oxide . — This compound i£ produced in the form of a brown 
powder on mixing mercurous nitrate with platinic chloride. On heating it, Trtc^purvUs 
chloride sublimes, and platinous oxide remains behind. 

8 . With Stannous Chloride. Hg 2 CF.SnCP. — Prepared by intimately mixing 1 pt. <jf 

finely pulverised tin-amalgam (3 pts. tin to 1 pt. mercury) with 24 pts. calomel, 
filling a retort to about one-fourth with the mixture, and exposing it to a heat gradually 
rising to 250°. The mass when cold is pulverised atul heated in a flask to* 300°, 
whereupon the double chloride sublimes in very* small white* arborescent crystals, and 
metallic mercury remains. The crystals are decomposed by water. fCapitaine, J, 
Pharm. xxv. 649.) U, 

*. With Sulphuric anhydride . — Calomel absorbs the vapour of sulphuric anhydride, 
forming a white translucent mass, (H. Rose, Pogg. Ann. xliv, 326.), 

Mercuric Chloride. Hg"Cl*. — Protochloride, Bichloride , Muriqte of Mercury, 
Corrosive Sublimate ; aetzender Quecksilher-svblimat , Aetzsublimat, Snhlimat ; Bento- 
chlorurc de Me r cure, Sublime corrosif ; Mercurim sublimatus corrosions, Hydrargyrum 
corro&ivum album. 
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This compound is produced : — l. By burning mercury in excess of chlorine gas.~ 
2. By dissolving mercury in aqua regia containing excess of hydrochloric acid, evapo- 
rating, dissolving the residue in boiLing water, and leaving the salt to crystallise by 
cooling. — 3. By dissolving mercuric oxide in hydrochloric acid, and in general by 
double decomposition of mercuric oxide or a mercuric salt with metallic chlorides. 

It is prepared on the largo scale by decomposing mercuric sulphate with chloride 
of sodium. An intimate mixture of equal parts of common salt and mercuric sulphate 
(prepared by boiling 4 pts, mercury with 5 pts. strong sulphuric acid, till the mixture 
is reduced to a dry saline mass) is exposed to a gradually increasing heat, in n glass 
flask having a long wide neck, or better in a narrow-necked retort ; mercuric chloride 
then sublimes on the cold part of the vessel, while sulphate of sodium remains behind. 
On account, of the extremely poisonous nature of the vapours, the process must, be 
performed under a chimney having a good draught. The mercuric sulphate frequently 
contains a small quantity of mercurous sulphate, which is converted hy the chloride of 
sodium into calomel: to prevent tliis contamination, a small quantity of peroxide of 
manganese is added to the mixture ; or 10 pts. mercury, 3 common salt, 3 peroxide of 
manganese, 11 sulphuric acid and 3 water, are triturated together, and the mixture is 
t hen heated as above : 

Hg -f 2NaCl + MnO 1 + 2IPSO* = HgCl 2 + Nn*SO« + iMnSO' + 2 IPO. 
Another very good method is to mix a boiling concentrated solution of mercurous 
nitrate with concentrated hydrochloric acid as long as a precipitate is formed, and boil 
the latter with a quantity of hydrochloric acid equal to that which was used lor the 
precipitation. The reaction is : 

IIg a (N0 8 )- + 4HCJ - 21TgCP + 211*0 + 2ND*. 


The solution on cooling deposits the mercuric chloride in b' uutilul crystals. 

Mercuric chloride crystallises in two forms, both belonging to the trmietrie sy* 
The crystals which separate from the alcoholic solution exhibit the combi ni 
ccP . P-o . oP . P. Ratio of axes <} : b : c 0*7254 : 1 : : P(M»SO. Annie cr.l . 


imefric system, 
le combination 
ngle cr-P; aeP 


oo P ft* . OP . p. Ratio of axes a : b : e « 07264 : 1 : POt»N 0 Angie o*i . 
in tin- macrodiap.iial principal section - .71 °.W; 9* ' ? « "> «'•- 
section ■=- 93° 48 .- - For the crystals obtained hy sublimation, n : h : c 0 9.H7 l • 
0’33D(). Angle crP : osP, in the macrodiagonal principal section Nf> 8 ; . or| i 
<xX>2 « 50° O'; P*> : in the basal principal section - 37‘ J 30; if* : -foe m 

the same 08° 22’. The crystals exhibit these faces together with or tor,. I hey 
are white, and exhibit various degrees of trunslueency up to eoinplete transparency'. 
Specific gravity -= 5 4032 (Karsten) ; 6*420 OJoulUyV V apour-density 9-8 

(Mitschcrlich) : by calculation, 9'4S ( - x 0 0G93). 

Mercuric chloride incite at 265- boils at 296- ami volatilises H<>mewl,af mor^e^ily 
than calomel, even at ordinary temperatures. It has a disagree.*, e me c a t« 
imd is a very powerful acrid poison. It dissolves in watrr a/ndwf iiml Ufur. 
According to Poggiale, 100 pts. water at different temperatures dissolve the following 
quantities of mercuric chloride. 


Quantity of «aJt 

. 6' 7 3 

607 
7 39 
. 8*43 

. 9f>2 

11*34 


Quantity of salt 
(liftftOlvad. 

1 3*80 
17*29 
24 32 
37'06 
68*96 


oo 

Tn Mrohol the anlt is much more requiring only 2’ pta. at 'T.li„yy temp-ra- 

. IS, li nt. at tho Wlinar point of alol.nl ; and it i« aim, ml, equally "- "1.1, • m 

sr £ :»•; -as? sat tsscxsai 

ssx **» - - - 

bo i? d * • HUmlvos in considerable quantity in boiling oiieeutruted hydro- 

Mercuric chloride dissolves in con * y \ crystalline mass having a 

chloric'Qteid, and the solution bo i , p atrain ut the heat, of the hand, 

mother^of-pearllustrc, which, howe|, rcurie or hy dr uv^r curie chloride 

This mm»con*£*, «ecorOin« to . Boulty. of " . off the excess of acid, and 

2HgCl*.HCl., -Whan ^^^XXwi'afdiaa-.lv.a with grot facility in 

fom the eolation by cooling or evaporate-. Sulphur* 

acid has no action upon it. 
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Many metals, visa, arsenic , antimony , bismuth , &vxd, ?>ow, nickel, and copper, 

decompose mercuric chloride in the dry way, withdrawing the half or the whole of its 
chlorine, and separating calomel or metallic mercury, which latter forms an amalgam 
with the excess of the other metal. Arsenic forms trichloride of arsenic and a brown 
sublimate. An intimate mixture of 3 pts. antimony and 1 pt. corrosive sublimate, 
well pressed into a glass, becomes hot and liquid in the course of half an hour, and ou 
the application of heat, yields trichloride of antimony and metallic mercury. Tin 
heated with mercuric chloride yields a distillate of stannic chloride, and a grey resi- 
due containing calomel and stannous chloride. Many metals also reduce mercury 
from the aqueous or alcoholic solution of the chloride. Most metals throw down 
calomel together with the mercury ; but zinc, cadmium , and iron precipitate nothing 
but mercury, zinc being thereby converted into a semi-fluid amalgam, and cadmium 
forming an amalgam which crystallises in beautiful needles. For the other reactions 
of mercuric chloride in solution, see p. 900. 

Compounds of Mercuri c Chloride. a. With Ammonia. — When mercuric 
chloride is gently heated in a stream of ammonia cal gas, the latter is absorbed, and the 
compound fuses by the heat evolved in the combination. The product was found by Rose 
to contain HgCP.NIF. This compound boils at 590°, and may be distilled without 
loss of ammonia ; it is decomposed by water. — (See Mkucuhy-bases, Ammoniacai.,) 

& With other chlorides. Mercuric chloride unites with many other metallic chlorides, 
fanning crystalli sable double salts. They are prepared, for the most part, by mixing 
the aqueous solutions of the two salts in the required proportions, and crystallising by 
spontaneous evaporation. 

Ammonium salts. —One of these double salts lias long been known as sal alemhroth. 
It crystallises in flattened rhombic prisms, 2NH , Cl.IlgCT i .H 2 0, and is isomorphous 
with the corresponding potassium -salt. When exposed to dry air, it gives off its water 
without change of form. Kane has also obtained NHT.’I.HgCl 2 , and the same with 
\ at. water. 2(NH 4 Cl.HgCl 2 ).H 2 0, the first, in a rhombo'idal form, and the second 
fn long silky needles. -According to J. Holmes (Chem. News, v. 351) a solution of 
25 pts. mercuric chloride and 1 pt. sal-ammoniac in hydrochloric acid deposits crystals 
of the salt 2NH 4 C1.9IIgCl 2 ; and on mixing this solution with a very large excess of 
hydrochloric acid, or by dissolving in that, acid a mixture of 3 pts. mercuric chloride 
and 1 pt. sal-ammoniac, the salt 2NH 4 C1.3HgCl*.4J{ 3 () is obtaiued. 

The chlorides of barium and strontium form well-crystallised compounds with mercuric 
chloride, viz. BaCi 2 .HgCl*.4H v '0, and SrCl 2 .2HgCK2H 2 0. Chloride of calcium com- 
bines in t wo proportions with mercuric chloride. When the latter is dissolved to satura- 
tion in chloride of calcium, tetrahedral crystals separate from the solution, which are 
tolorably persistent in the air, and contain CaCl 2 .5HgCl 2 .8il 2 0. After the deposition 
of these crystals, the liquid yields, when evaporated by a gentle best, a second crop 
of large prismatic crystals, CaCl 2 2HgCl 2 .611*0, which are very deliquescent. 

The chlorides of cobalt and copper also form crystallisable double salts ; chloride of 
had does not appear to form a "double salt with mercuric chloride. 

The iron-salt , FoCl 2 .HgCl 2 .4H j{ 0, and the manganese-salt, MnCl 2 .HgCl 2 .4H a O, 
are isomorphous and crystalliso in rhombic prisms. An excess of m?rcuric chloride 
dissolves in the latter salt, and crystallises on cooling in large rhombic crystals. 

Chloride of magnesium forms two double salts, with mercuric chloride, viz. 
MgCl 2 .3HgCi‘ i .H 2 0, and MgCl 2 .lIgCl 2 .6H 2 0, both deliquescent. Chloride of nickel 
gives two compounds, one of which crystallises in tetrahedrons, like the calcium- 
salt. 

Potassium-salts. — When an aqueous solution jcrf potassium-chloride is saturated at 
30° with pulverised mercuric chloride, the liquid decanted, a quantity of potassium- 
chloride ndded equal to that already present, auH the solution left to evaporate, the 
salt 2KCl.HgCl*.H*0 is deposited in large rhombic prisms. If the solution saturated 
at 30° bo left to evaporate without further addition of chloride of potassium, another 
salt KCl.HgCl*.H*0 is obtained in delicate asbestos-like crystals ; and lastly, a solu- 
tion of potassium-chloride heated to 60° and saturated with mercuric chloride, solidifies 
on cooling to a mass of slender needles having the composition KC1.2HgCi*.2H*0. 

The sodium-salt NaCl.HgCl 2 .2H 2 0 crystallises in six-sided prisms. 

The zinc-salt- has not been analysed. An aqueous solution of zinc-chloride contain- 
ing excess of mercuric chloride deposits the latter, on evaporation, in large beautiful 
crystals, after which a double salt slowly separates in very deliquescent plates and 
needles. (B o n s d o r f f.) . 

Mercuric Chtoridr v-ith Acid Chromate of Ammonium. — A solution of equal parts of 
these two salts yields, by concentration and cooling, large, shining, rose-coloured, six- 
sidod prisms, of the salt HgCl 2 .[(NH 4 ) 2 Cr0*.Cr0 s l.II 2 0 (Richmond and Abel, 
Chem. Soc. Q.u. J. iii. 202). The salt was discovered by Darby (Mem. Chem. Soc. i. 
24 ), who however assigned to it a different formula. According to Zepharovieh. 
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(Wien. Ak&d. Ber. xxxix. 17) the crystals a re monoclinic and exhibit the face* oP . 
00P00 . + JPoo . — iPoo . [Poo ] . [ JPoo ] . <x P . [ odP 2] . + P . + |P. Ratio of axe. 
a : b : c «* 0*5087 *. 0*6462 : 1. Angle of h and c =» 84° 3'; <xP * t ooP in the elino- 
diagonal principal section = 76° 42'; oP : ooP * 08° 41'; oP : (Poo - 117° 6'; oP : 
[£Poo ]=» 135° 38'. Cleavage parallel toioP and — JPao . 

The mother-liquor, lrotn which this salt has separated, yields by further evaporation 
beautiful rod needles of the salt, iIgCR3[(NH 4 ) s CrO*.CrO*]. (Richmond and 
Abel.) 

Mercuric chloride also forms double Halts with the neutral and acid chromates 
of potassium, viz. 21lgCl*.K*CrO' and ilgCRKH>0\CrO*]. See Cukoxatim (i. 
938). 

(C'-'JPO)*! 

J^ercuric Chloride with Haste Cupric Acetate. l 0*.2lJg"Cl*. This com- 

pound is produced, according to Wohler, on mixing the solutions of mercuric chloride 
and neutral cupric acetate, saturated at ordinary temperatures, and leaving the mixture 
to itself for sometime: it. then separates in radiate hemispheric groups of crystal* 
having a very fine deep blue colour. It is nearly insoluble in cold water, and is de- 
composed by boiling water. 

Mercuric chloride also unites with sulphide of tthul, forming the compound 
(C*H fc ) f S.HgCl*. already described (ii. 545); and with sutphule of met hyl, forming a 
similar compound. 

MBRCVRTi CTAVXSE OF. See Cyanides (ii. 253). 

MERCURY, DETECTION AND ESTIMATION or. 1. Reactions in 
the dry way. — Most mercury compounds are decomposed by heat, and give off me- 
tallic mercury ; but mercurous chloride and bromide and mercuric chloride and iodide 
sublime undecomposed. All mercury-compounds, when thoroughly dried, intimately 
mixed with dry carftonatc of sodium, and heated before tin- blowpipe in a tube dosed 
at one end, are decomposed and give off metallic mercury, which condenses in tho cold 
part of the tube. Those mercury-compounds which are volatile without decomposition, 
the chlorides for example, may escape decomposition by carbonate of sodium. In this 
case the mixture must be slightly moistened witli water, the water expelled bv gentle 


case the mixture must be slightly t . 

heating over the lamp, and removed with blotting paper, the tube being held horizon- 
tally to prevent tho water from running down to the heated part. When the moisture 
is all expelled, the blowpipe flame is applied us before. This is an easy and certain 
method of detecting mercury. When the quantity of mercury present is very small, 
the sublimate which forms on the cold part of the tube may look, to the unassisted eye 
like arsenic or antimony ; but examination with a lens will show that it consists of 
minute liquid globules. 

2. Reactions in Solution. 

a. Of Mercurous salts. Normal or neutral mercurous salts are white ; the basic 
salts are frequently yellow. Most of them are soluble in water, redden litmus, have u 
metallic taste, ant? do notact very violently on the animal body. All soluble mercur- 
ous salts are partially decomposed by water, a basic salt being precipitated and an acid 
salt left in solution ; free acid redissolves the basic salt. 

Sulphydric acid and sulphide of ammonium form with mercurous salts a black ^pre- 
cipitate of mercurous sulphide Hg 2 S, insoluble in sulphide of ammonium and in nitric, 
acid, soluble in nitro-muriatic acid and in sulphide of potassium. .. 

HvdrocJdoric acid and soluble chlorides form, even m very dilute solutions, a whito 
precipitate of mercurous chloride, which is insoluble in dilute acids, and is blackened by 
Sotaah or ammonia. Boiling nitric acid dissolves it ; boiling hydrochloric acid decom- 
^ it into mercuric chlorhle which dissolves, and metallic mercury, which remain. 

™ ffpo^ium forms a greenish-yellow precipitate of mercurous iodide (always, 

however mixed with mercuric iodide) soluble in excess. If , 

nlmdTrfvoUutium separate. metallic mercury, tho ...creunm. eynn>p H«*Cy . 
format l^io.tancrbe.ag reeved into mercuric cyau.de, U v Cf, and mer- 

^•rrrocgamde polonium form, a white ; ferricyanide of potassium, a reddish-brown 

of .odium and oxalic acid form whito precipitates; chromate of potae- 

num, a red; ^^ a < ^^ u ^^*"y"metall < i'c copper and zinc, l»y dannoue chloride, fer- 
ro^^^ftuiphurou, odd. and phoephoroti » acid, metallic mercury be..* wparatod 

”AlfSir^ r '«alt. are converted into mercuric aalU by boding with nitric acid. 
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0 . Of Mercuric salts. Normal mercuric salts (containing 2 at. of an acid radicle 
to 1 at. Hg) are colourless ; the basic salts are frequently yellow. They are violent 
acrid poisons, and have a disagreeable metallic taste. The normal salts redden litmus. 
Most of them are soluble in water. They are partially decomposed by water, with se- 
paration of a basic salt requiring free acid to dissolve it. The chloride, however, dis- 
solves in water without decomposition ; hence'a solution of mercuric chloride differs in 
some of its reactions from that of the nitrate and of other salts which are partially de- 
composed by water. From their aqueous solutions, the mercury is, for the most part, 
precipitated in the metallic state by the same substances as from mercurous salts ; but 
the complete reduction of the mercury is often preceded by the formation of a mercu- 
rous salt : such for example is the action of phosphorous acid, sulphurous acid , stannous 
chloride , metallic copper , &c. Formic acid reduces mercuric to mercurous chloride, and 
no excess of the reagent carries the reduction further, unless the solution be heated 
nearly to boiling. Gold does not by itself reduce mercury from its salts ; but if a efirop 
of a mercuric solution be laid on a piece of gold, and a bar of zinc, tin, or iron be 
brought in contact with the moistened surface, an electrolytic action is set up, and the 
gold becomes amalgamated at the point of contact. 

Sulphydric acid and alkaline sulphides , added in excess to mercuric salts, throw 
down a black precipitate of mercuric sulphide, soluble in strong nitric acid. If, how- 
ever, the quantity of the reagent added is not sufficient for complete decomposition, a 
white precipitate is formed, consisting of a compound of mercuric sulphido with the 
original salt, and often coloured yellow or brown by excess of the sulphide ; this reac- 
tion is quite peculiar to mercuric salts. 

Hydrochloric acid forms no precipitate in solutions of mercuric salts. 

Ammonia and carbonate of ammonium form white precipitates, generally consisting 
of a mercurammonium salt. The fixed alkalis throw down a yellow precipitate of 
mercuric oxide (not hydrated), insoluble in excess. If, however, the solution contains a 
largo quantity of free acid, no precipitate is formed, or only a slight one after a 
considerable time. 

Carbonate of potassium or sodium throws down red-brown mercuric carbonate ; 
but if any ummoniacul salt is present in the solution, tho fixed alkalis and their 
carbonates throw down the white precipitate above mentioned. Acid carbonate of 
potassium or sodium ulso gives a brown-red precipitate with mercuric nitrate or sulphate; 
but with the chloride, it forms a white precipitate which afterwards turns red. The 
carbonates of barium , strontium , and calcium precipitate mercuric oxide from tho 
solutions of the sulphate and nitrate, but not from the chloride. 

Phosphate of sodium throws down white mercuric phosphate from tho sulphate and 
nitrate, but not from the chloride. Chromate of potassium forms a yellowish-red 
precipitate. 

Cyanide of potassium gives with mercuric nitrate a white precipitate soluble in 
excess : it does not precipitate the chloride. 

F crrocyanide of potassium forms, in solutions not too dilute, a white precipitate 
which gradually turns blue, prussian blue being formed, while the filtrate contains 
cyanide of mercury. Ftrricyanide of potassium gives a white precipitate with tho 
nitrate, no precipitate with tho chloride. 

Tincture of g alls forms an orange-yellow precipitate with all mercuric solutions except 
the chloride. 

Iodide of potassium produces a scarlet precipitate of mercuric iodide, soluble in 
excess either of the mercuric salt or of iodide of potassium. 

3. Quantit ati ve Estimation. 

Morcury is generally estimated in the metallic state; sometimes, however, as 
mercuric sult>hi<le Hg*S, or as mercurous chloride Hg 2 Cl*. To separate it from 
its compounds in the metallic state, it may be distilled with quicklime in a tube 
of hard glass sealed at one end. Into this tube is introduced, first a layer of cari- 
nate of calcium, about an inch long ; then the mixture of the substance with quicklime ; 
lastly a layer of quicklime about two inches long, and a plug of asbestos to keep the lime 
in its place. The open end of the tube is next drawn out into a narrow neck, and bent at 
an obtuse angle. The tube is laid in a combustion-furnace, the same as that which is 
used for organic analysis, the neck being turned downwards and made to paw into a 
narrow-mouthed bottle containing water, so as to terminate just above the surface of 
the water. The tube is then gradually heated by laying pieces of red-hot charcoal 
round it, beginning at the part near the neck containing the pure quicklime. This 
portion having been brought to a full red heat, the heat is carefully extended towards 
the middle part, to decompose the compound and volatilise the mercury : any portion 
of the compound that may volatilise undecomposed will be decomposed in passing over 
the red-hot lime at. the end. Lastly, the back part of the tube containing the carbon- 
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™™?r h rw5’wi £?,L° ®™ lv ® "“tonic anhydride and sweep out all the mercury 
vapour contained in the tube. The quantity of carbonic anhydride thus evolved may 
be increased by mixing the carbonate of calcium with acid carbonate of sodium. The 
mercury condenses under the water in the bottle, which must be kept cold. The water 
is poured off as completely as possible; the mercury transferred to a weight porcelain 
crucible; the greater part of the water which still adheres to it removed by means of 
weighed ^ completed over sulphuric ucid ; and the mercury Anally 

Mercury may also be precipitated from its solutions in the metallic state by stannoue 
chloride or by phosphorous acid at temperatures above 60° ; the solution then decanted ; 
wa8 ^?^ with water, and dried in the manner just described. 

If the mercury is mixed with a considerable quantity of organic matter, as in eases 
of«mercurial poisoning, the organic matter nmy be destroyed by treatment with nitro- 
muriatic acid in a distillatory apparatus (i. 365), and the liquid subjected to the action 
of a voltaic current, the negative pole being composed of a plate of platinum or gold. 
The mercury then collects on this plate, and may be estimated by weighing the plate 
before and after the experiment. 

The precipitation of mercury in tho form of mercurous chloride is best effected by 
means of hydrochloric acid and formate of jmtassium or sodium. If the mercury is 
contained in an alloy, the alloy must be dissolved in nitromuriatic acid ; if it is con- 
tained in solution in the form of mercuric nitrate, hydrochloric acid must bo added, the 
solution, in either case, nearly neutralised with potash, the formate then added, and 
the whole exposed for some days to a temperature between 60° and 80° (at the boiling 
heat tho mercury would be reduced to the metallic state). The mercurous chloride then 
precipitates, and must bo collected on a weighed tilter, washed, dried at a gentle heat, 
and weighed. 

According to the latest experiments of H. ltoso (Pogg. Ann. ex. 529), tho beat of 
all methods of estimating mercury is to precipitate it as calomel from the solution of 
mercuric chloride by phosphorous acid, either at ordinary temperatures or at a very 
gentle heat ; if the temperature rises above 60° metallic mercury is precipitated. 

Mercury is also frequently precipitated from its solutions, as a sulphide, by sul- 
phydric acid. In that case, if the precipitate consists of the pure profosulphide, HgS, 
as when it ia thrown down from a solution of corrosive sublimate, the precipitate may 
bo simply collected on a weighed tilter, washed, dried over the water bath, weighed, 
and tho quuntity of mercury thence determined. Hut if, as is generally the case, tho 
precipitate also contains free sulphur, as when it is thrown down from a solution con- 
taining a ferric salt or a considerable excess of nitric acid; or if it be precipitated in 
conjunction with the sulphides of other metals, then the mercury must be separated 
from it by distillation with lime, as above described. Or again, the mixture of 
sulphides may be converted into chlorides by gentle heating in a stream of chlorine 
gas, tho volatile chloride of mercury passed into water, and the mercury precipitated 
from the solution by stannous chloride. 

The quantity of mercurous salt, present in a solution may also be determined 
by precipitation with hydrochloric acid. The solution must, however, be very dilute, 
and be kept cool; it must also contain lmt a very small quantity of free nitric; acid, as 
a larger quantity would convert the mercurous into mercuric chloride. To determine 
the proportions of mercurous and mercuric salt, when they exist together in solution, 
the mercurous salt is first precipitated with hydrochloric acid, and the remaining 
mercury by stannous chloride or sulphydrie acid. 

Volumetric methods. C. W. Hern pet (Ann. Ch. Pharm. cx. 175) estimates mercury 
in the form of mercurous chloride, by means of a standard solution of iodine in iodide 
of potassium, which dissolves it in the form of pot.«Hsio-mercuric iodide: 

Ug‘CP + OKI + P - 2(2KI.iIgP) + 2KC1. 

The quantity of iodine used is estimated by a graduated solution of hyposulphite of 
sodium (i. 266), and the quantity of mercury is thence calculated. 

Another method given by Hem pel (Ann. Ch. Pharm. evii. 98) consists in agitating 
the mercurous chloride with dilute sulphuric acid and permanganate of potassium till 
it is dissolved, and estimating the quantity of permanganate used for the purpose by 
means of a standard solution of oxalic acid. 

When the mercury is in solution as a mercuric salt, it is precipitated as calomel by 
ferrous sulphate, or by any of the other methods above given. 

4. Separation of Mercury from othi r Metals . 

Mercury may be separated from all other metals, except, arsenic and antimony, bj 
its superior volatility. When it exists in the form of an amalgam, the compound m 
simply heated, and the quantity of mercury determined by the loss of weight. If it 
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exists as an oxide, chloride, &c., combined with compounds of other metals, it may be 
separated by distillation with quicklime , as above described. Its separation from the 
aJkali and earth-metals, and from uranium, manganese, nickel, cobalt, iron 
z i n c, aud chromium, may also be effected by precipitation with sulphydric acid. Prom 
bismuth and cadmium it may be separated by reduction with stannous chloride ; 
from copper, by mixing the solution with excess of cyanide of potassium, and passing 
sulphydric acid through the liquid, whereby the mercury is precipitated as sulphide, 
while the copper remains dissolved; from lead, by precipitating that .metal with 
sulphuric acid , with addition of alcohol (H. Bose), the sulphuric acid being added in 
excess, as otherwise a basic sulphate of mercury may be precipitated at the same time. 
Prom arsenic, tin and an timony, mercury is separated by the solubility of the sul- 
phides of those metals in sulphide of ammonium. 

Field (Chum. Soc. J. xii. 32) separates mercury from antimony, by digesting the 
precipitated sulphides with moderately strong hydrochloric acid , which dissolves tno 
sulphide of antimony aud leaves the sulphide of mercury. 

From silver, mercury, if in the form of a mercuric salt, is easily separated by 
hydrochloric acid, which precipitates the silver alone as chloride. If the mercury is in 
the form of a mercurous salt, the two metals are precipitated together as chlorides, and 
the separation is then easily effected by ammonia , which dissolves the chloride of 
silver, and blackens the mercurous chloride; or they may bo separated by nitromuriatic 
acid , in the cold, which dissolves the chloride of mercury, leaving the chloride of silver 
undissolvod. 

When mercury, silver, and lead occur together in a solution, it is best to bring all 
the mercury to the state of mercuric salt by boiling with nitric acid : the silver may 
then be precipitated by hydrochloric, and the lead by sulphuric acid. Or the separation 
may bo effected by cyanide of potassium, the solution being first nearly neutralised by 
an alkaline carbonate, and cyanide of potassium added in excess. The addition of 
nitric acid throws down the whole of the silver as cyanide, leaving tho mercury in 
solution as cyanide, and tho lead as nitrate, from which the lead may be precipitated 
by an alkaline carbonate. 

For the analysis of a mixture of mercuric oxide, cinnabar, and red load, 
Wohler recommends the following process : The mixture is digested with nitric acid, 
which dissolves the mercury as mercuric oxide, and resolves the red lead into protoxide, 
which dissolves, and dioxide, which remains undissolved (p. 653), tho cinnabar being 
also left un dissolved. The lead is precipitated from the solution by dilute sulphuric 
acid, and then the mercury by sulphydric acid or stannous chloride. Tho residuo is 
then treated on the filter with a mixture of warm nitric and oxalic acids, which dis- 
solves out the dioxide of lead, and tho residual cinnabar is washed, dried, and weighed. 

The separation of mercury from gold in solution, may bo effected by precipitating 
the gold in the metallic state by warming the solution with oxalic acid (ii. 928), and 
afterwards adding hydrochloric acid to redissolve the oxalate of mercury, precipitated 
at the same time. If the hydrochloric acid were added at an earlier stage of the 
process, it would greatly retard the precipitation of the gold. The mercury must of 
course be in the mercuric state. 

5. Atomic weight of Mercury. 

The atomic weight of this metal was for many years estimated, according to the ex- 
periments of Sef strom, made in 1812 (Sehw. J. xxii. 328), at 101*26 for Ilg', or 
202*52 for Ilg". Turner, however, in 1835 (Ann. Ch. Pharm. xiii. 14), by tho 
analysis of mercuric oxide and chloride, obtained bovver numbers, viz. from 200 to 
200*3, and his results have been confirmed bjf the experiments of Erdmann and 
Marc hand iu 1844 (ibid. lii. 216). Theso chemists decomposed carefully prepared 
and dried mercuric oxide by ignition in a stream’ of dry carbonic anhydrido; absorbed 
the liberated oxygon (part of which would otherwise) recombine with the mercury) by 
ignitod charcoal and copper; and collected tho mercury which distilled over, tho 
escaping gases being finally freed trom mercury by passing through a tube containing 
gold-leaf. In five experiments, in each of which from 44* to 118 grms. mercuric 
oxide, Hg'O, wnro decomposed, they found from 92*594 to 92*604 per cent, mer- 
cury; moan 92*597 per cent. Hence the value of Hg is between 200*05 and 200*33; 
mean 200*14. It is usual to take as the true atomic weight of mercury. He' = 100. 
or Hg"* 200. e J ^ 

The vapour-density of mercuric chloride, which, according to the observations of 
Mitscheriich, is 9*8, gives a condensation to 1 vol. for the formula HgCl, and of 
2 vols. for HgCl* (p. 897). This result affords an argument in favour of tho larger 
atomic weight and the diatomicity of mercury in the mercuric compounds, and we shall 
presently see that this view is further corroborated by the constitution of the organic 
compounds of mercury. 
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iCWROlUtX, 1TBZB1 OF. See MBBCxrar-BACiCLBs, Oroahtc. 

BffSSfcCTWr, Fioo BIO S8 OF. Mercury forms two fluorides, corresponding in 
composition with the chlorides. * * 

fluoride . (Hg*)"F*. Berzelius obtained this compound as a sub- 

limate, mixed .with mercurous chloride, by heating the lattor with fluoride of sodium. 
It has been further examined by Finkcnor (Pogg. Ann. cx. 14*2), who obtains it by 
adding recently precipitated calomel to a solution of silver-fluoride (prepared by digest- 
ing silver-carbonate with hydrofluoric acid); the whole of the silver is thon gradually 
precipitated, and the liquid evaporated ovor the water-bath, yields small yellow 
crystals of mercurous fluoride. An oasicr mode of preparation is to add recently 
proci pi tatod mercurous carbonate to hydrofluoric acid, which dissolves it completely 
at first, with evolution of carbonic anhydride, but on addition of a larger quantity 
deposits mercurous fiuorido as a heavy, light yellow, crystalline powder. Prom asolu- 
ti<#i in excess of hydrofluoric acid it is deposited in indistinct (apparently cubic) crystals. 

Mercurous fluoride is partly dissolved by water, partly decomposed into mercurous 
oxide and hydrofluoric acid. It is bhickened even by moist air, especially if exposed 
to light. It is also decomposed when heated abovo 260° in dry air, mercury subliming, 
and the glass vessel becoming corroded. From tho solution of the compound in 
hydrofluoric aci &, potash throws down mercurous oxide ; ammonia, a black precipitate 
containing metallic mercury and quickly turning grey, while tho filtered liquid 
contains mercuric oxide and soon dej>oHits a white mass containing mercury, ammonia, 
and fluorine. Dry mercurous fluoride is decomposed in like manner, by tho prolonged 
action of aqueous ammonia , into metallic mercury and a mercuric compound. It. slowly 
absorbs ammonia gas, turning black and being converted into fluoride of inorcnros- 
ammonium N 2 H a (Hg s )''.F*. 

Mercurous Silicojiuoride , Si*(Hg*) / 'F".2H*0, is deposited from tho solut ion of mer- 
curous carbonate in hydrofluosilicic acid, in transparent, colourless, prismatic crystals. 
(Finkener.) 


Mercuric Fluoride. Hg"!?' 2 . Mercuric oxide addod to hydrofluoric acid is con- 
verted into an orango-yellow powder, consisting of an oxyiluoride, and by repeatedly 
treating this compound with hydrofluoric acid, mercuric fluoride is deposited as a 
whito crystalline mass containing ITgF*.2H a 0. The same product is obtained by 
adding dry mercuric oxide to a large oxcess of aqueous hydrofluoric acid (containing 
about 50 per eont. HF) (Fi n ken or, Pogg. Ann. cx. 028). According tx> FriWny 
(Ann. Ch. Phys. [3] xlvii. 5), mercuric, fluoride is obtained in long colourless hydrated 
noodles (frequently, however, contaminated with liydroincrcuric fluoride or mercuric 
oxyfluoridc) by slowly evaporating a solution of mercuric oxide in oxcess of hydro- 
fluoric acid. Finkener, Jmwever, did not obtain crystals in this manner. 

Hydrated mercuric fluoride decomposes at 50°, giving off hydrofluoric acid together 
with water, and leaving tho oxyfluoridc. It is permanent in dry air at ordinary 
temperatures, but is decomposed by water , yielding mercuric oxyfluoridc and a 
solution of hydrofluoric acid containing a small quantity of mercuric oxide. A 
solution of mercuric fluoride in hydrofluoric acid mixed with a slight excess of 
ammonia , deposits, after some time in tho cold, ami immediately when I mil tod, a white 
gelatinous precipitate, which, when washed and dried over sulphuric acid, consists of 
ammonio-mercuric oxyfluoridc 2NII s .Hg*F*0. (Finkener.) 

Mercuric Silicojiuoride and Silica -oxi/fluoridc. — A solution of mercuric oxide in 
hydrofluosilicic acid yields by evaporation small pale yellow noodles, which were 
regarded by Berzelius as mercuric silicofluorido ; but according to Finkener they 
consist of a silico-oxyfluoride Hg"Si 1 *P.TI^ , 0.3H*0. This compound is resolved by 
water, even at ordinary temperatures, into a soluble acid salt and an insol ublo yellow 


pulverulent basic salt. , . , 

a solution of mercuric oxide in hydrofluosilicic acid, concentrated so far that oxy- 

.?. . . i : .. ~ »V. n t. UO iif (i l/imrinnitnm hnlnw 1/i°. 


and deliquesce when slightly heated, but effloresce over sulphuric acid. (Fi nkener.) 

A double salt of mercuric fluoride with JhtoritU of ammonium in produced, according 
to Berzelius, by treating mercuric fluoride with aqueous ammonia. 

glg fWt ZOBZBBB OF* Mercury unites with iodine in three or four 
proportions, fornling a mercurous andmercuric iodide analogous^ the chlorides, 
Sbsoa mercuroso-mercnric iodide, and perhaps a per « odide. 1 be two elements 
unite directly, the combination, when large quantities are employed, being attended 
with considerable rise of temperature. 

Mtoreurou* Sod MO. (Hg*)"I*.— This command » prodaoed by triturating 

200 pte. mercury with 1*7 pt* iodine or 454 pts. mercuric iodide, with addition of .a 
Vot~ III* 3 M 
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little alcohol, and removing any mercuric iodide that may be formed in the first instance, 
or remain unacted upon in the second, by solution in alcohol, which leaves the 
mercurous iodide undissolved. It may also be obtained by precipitating a mercurous 
salt with iodide of potassium. The acetate is best adapted to the pippose, yielding at 
once pure mercurous iodide. When the nitrate is used, the precipitate is frequently 
contaminated with mercuric iodide, either formed directly from mercuric nitrate in the 
solution, or by the oxidising action of free nitric acid in the solution on the precipitated 
mercurous iodide. 

Mercurous iodide is a greenish-yellow powder of specific gravity 7 '65 to 77 6. It is 
very sparingly soluble in water, quite insoluble in alcohol ; ammonia dissolves it par- 
tially, leaving a grey residue. Mercurous iodide is very unstable, being easily 
resolved, under various circumstances, into metallic mercury and mercuric or mercuroso- 
mereuric iodide. When heated, it yields a sublimate of metallic mercuiy and mercuroso- 
mercuric iodide. When treated wi th hydriodic acid or with solutions of iodide Sf potassium 
or other metallic iodides, it is resolved into mercury and mercuric iodide, which unites 
with the other iodide, forming a soluble salt. In the moist state it is decomposed and 
blackened by exposure to liqht. 

Mercurous iodide is used in medicine, and in preparing it for that purpose the 
greatest care must be taken to insure its perfect freedom from mercuric iodide, which 
is a violent poison. To test its freedom from this admixture, W. Squ ire (Jahresb. 1862, 
p. 217) heats it with aniline , whereupon, if it contains mercuric iodide, the well-known 
magenta colour is produced, whereas if the mercurous iodide is quite pure, no colora- 
tion takes place. 

Mercuroso-morcuLrlc Iodide. IIg 4 I* — (Hg 7 )"I*. 2ITg*I*. — Prepared by precipi- 
tating mercurous nitrate with iodide of potassium, the precipitate not being collected 
till it has acquired a yellow colour. According to Boullay, it is best to mix the solu- 
tion of potassium iodide with ^ at. iodino, in which caso mercuroso-mercuric iodide is 
precipitated at once. The compound may also be obtained by triturating mercuric 
iodide with one-third as much mercury as it already contains (3HgI* + Hg = 
Hg'I«). 

Mercuroso-mercuric iodide is a yellow powder which when heated turns red, melts, 
and may be sublimed without alteration. The sublimed crystals have a dark carmine- 
red colour whilo hot, but become yellow on cooling (Inglis, Colin). The compound is 
insoluble in water and in alcohol , the latter not extracting any mercuric iodide from it. 
It remains unaltered when kept in the dark ; but becomes dark coloured on exposure 
to light. Hydriodic acid and solutions of iodides first resolve it into mercurous and 
mercuric iodide, the latter uniting with the soluble iodide, and afterwards decompose 
the mercurous iodide itself, as above described, with separation of metallic mercury. 
(II ou Hay.) 

Mercuric Iodide. Hg"! 1 . — This compound may be produced by triturating 1 
at. mercury with 2 at. iodine (200 pts mercury to 254 iodine), moistened with alcohol ; 
according to Mohr, however, the combination of t.ho two elements in this way is never 
complete, the product always containing a certain portion of free iodine which escapes 
during the drying over tho water-bath, also some mercurous iodide which is resolved 
by sublimation into mercuric iodide and motallic mercury. Dublanc pours 1 kilo- 
gramme of alcohol on 100 grammes of mercury, and adds 124 grms, iodine in successive 
portions of 10 grms. each, stirring after each addition till the alcohol has become 
colourless. After the last 4 grms. of iodine have been added, the liquid becomes 
permanently coloured, in consequence of the complete conversion of the mercury into 
mercuric iodide ; the product is washed with alcohol. Mercuric iodide is, however, 
best prepared by precipitating mercuric chloride with iodide of potassium, or iodide of 
iron: a. 8 pts. mercuric chloride and 10 Jits, iodide of potassium are dissolved in 
separate portions of water, the solutions mi^sd, and the resulting precipitate collected 
and carefully washed. $. 2 at. iodine immersed in water are converted into ferrous 
iodide by addition of iron-turnings ; the resulting solution is immediately mixed with 
a solution of 1 at. mercuric chloride (HgOL 2 ), and the precipitated mercuric iodide is 
quickly separated from the liquid, to prevent it from being contaminated with the 
basic ferric chloride which is gradually deposited from the solution. 

Mercuric iodide thus obtained is a powder of a splendid scarlet colour, very slightly 
soluble in water, more soluble in alcohol, especially when hot, somewhat soluble also in 
ether. It dissolves easily in aqueous iodide of potassium, and crystallises from the 
solution in beautiful red quadratic octahedrons, also in the combinations P . oP, 
oePao . oP . P, and oopao . oP. Length of principal axis ■■ 1*997- Angle P : P 
in the terminal edges == 96° 24'; in the lateral edges 141° O'. Cleavage perfect 
parallel to oP. Specific gravity »■ 6*2009 (Karsten) ; 6*820 (Boullay); 6*91 
(3«hif f).— The red iodide turns yellow when gently heated, melts at a higher tem- 
perature, and sublimes in bright yellow rhombic prisms exhibiting the combination 
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ooP . oP, And having the angle ooP «. ocp « 66° (Kopp'8 Kry&taUoorapkie, pp. 100, 
257). Mercuric iodide is therefore dimorphous, and exhibits a rod colour in one of its 
forms, a yellow colour in the other. The red modification is much more stable than 
the yellow ; in fact the yellow crystals, even when left to themselves at ordinary tempera* 
tures, gradually recover their original colour and crystalline structure, being converted 
into an aggregate of the red crystals ; the same change takes place instantly when the 
yellow crystals are pressed, rubbed, or scratched. The yellow iodide retains its * 
colour longest when it has been prepared by subjecting the pulverised red iodide to a 
moderate heat. The yellow crystals obtained by sublimation often turn red on eooling, 
in consequence of the friction or agitation resulting from the contraction of the glana 
vessel, or of the crystals themselves (M itscherl ich). Mercuric iodide precipitatisl 
from the solution of the chloride by iodide of potassium, is likewise yellow at the first 
instant of precipitation, but quickly turns rod, even while immersed in the liquid. In 
this caso the course of the alteration may be easily watched under the microscope — 
yellow rhombic lnminm being observed in the first instance, which continually 
diminish in bulk, becoming truncated on their edges ami angles, and ultimately dis- 
appearing, while red quadratic octahedrons uppear in their place (W arington). Tho 
solutions of mercuric iodide in alcohol ether, aqueous ioaide of potassium, «c., are 
colourless, and may therefore be supposed to contain the yellow modification ; if, how- 
ever, the iodide separates slowly from them in crystals, these crystals are ml ; but jf 
the separation takes place rapidly, us for example when the alcoholic solution is 
poured into water, the iodide is yellow at the first instant of separation, but very soon 
turns red. According to Reynoso (Conipt. rend, xxxix. 690), an alcoholic solution 
of the iodide which has been kept for some time gives immediately n red precipitate 
with water. Schiff (Ann. Ch. Pharm. cxi. 371), on the other hand, found that an 
alcoholic solution which had been kept for fifteen months, still gave a yellow precipi- 
tate with water; and the yellow crystals which formed in it likewise remained 
unaltered in colour. Schiff also finds that, tho alcoholic solution, when mixed with 
water, first becomes quite milky, and after a few hours deposits shining yellow 
rhombic plates with angles of 114° 30' and 65‘> 30', and exhibiting beautiful coloured 

spectra under the polarising microscope. . . , . , 

Potassium triturated with mercuric iodide, abstracts the iodine with incandescence. 
A similar action is exerted by many of the heavy metals on trituration, either alone or 
with water, the resulting iodide sometimes uniting with the iodide of mercury to form 
a doublo salt; zinc and tin form amalgiims with the liberated mercury. |l*or tho 
behaviour of the individual metals, see Gindin's Handbook, vi. 38.] \V hen mercuri . 
iodide is boiled with aqueous judash, mercuric oxide separates, ami a yellow solution in 
formod containing a potassio mercuric iodide, 2KI.3Hgl* : 

4llgl* + 2KIIO - llgO + 2KI.3ligl* + 11*0, 

which on cooling, first deposits mercuric oxide, and then greenish-yellow noodles of 
KI HtrP Alcoholic potash acta in like manner and more easily. Soda, baryta, and 
intact i“* Simil.tr manner, producing double >°dvdos ,_W, earUfUg 


Wnu3iU-pX.7o^»i D the form of .wl.it. jelly, wl.il. -f^-hh’nd 
’ . I r j /Rommelsberc) When chlorine <jum ih passed into waUr l 

l a——*. 

.. ...... 

f : iodides forming a series of double salts, Ikmsdorft » i od o hydra r 
oyrate™ which have^boen part.cularly studied by B.ull«(A«n. Ch.Phys W «*£ 

SJ5* Thovare obtained, for the most part J>y dissolving mercuric lod de in the 

solution^of tho positive iodide, and evaporating the solution. Mercuric iodide likewise 

form* double salts with nyrtJtllicchlon M. 2NH*I.Hgl , .3H’0. separate* in 

hfrtluVionrfme^uric’ iodide in iodl of ammonium. afU-r 
y ^Tdc hi 'been previously depoaited. Whsn heated, it . me ts and 

ffime. S «naL^. partly'decompJed. WaUr aeparaUs mercunc M 

**' ,, jjZZuLe Iodide. — A solution of mercuric iodide in aqueous tod>d« of barittm, 

excess of mercuric iodide by cooling and dilution, depoads 
after being freed [from ‘ “ hjchf .ecoiding to Bouflay, have probably ike 

yellow cp^ata^, saturated solution of mercuric iodide in iodide of Win m 

on K portion of the mercuric icxl.de, and the motherdiquid yield, by 
* VD * 3 m 2 
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evaporation, crystal* apparently consisting of BaHg*I* ■* BaI*;2HgI a , The crystals 
decompose when dried at a high temperature, or when dissolved in a large quantity of 
water, mercuric iodide separating. (Boullay.) 

Cadmio-ntercuric Iodide is obtained by triturating cadmium filings with moist 
mercuric iodide, and exhausting with water. Crystallises in small, yellowish-white 
very soluble laminae. (Berthemor.) 

Calcic- mcrcwric Iodide. CaI a .2HgI 2 ? — Obtained like the corresponding barium-salt, 
and decomposed in a similar manner by water. 

Ferr oso-merc uric Iodide. — The saturated solution of mercuric iodide in ferrous iodide 
yields, by evaporation over sulphuric acid, yellow-brown prisms, which quickly oxidise 
m contact with the air (v. Bonsdorff). A hot saturated solution of the two salts 
yields, after deposition of a portion of the mercuric iodide, brownish-yellow, very 
deliquescent needles, which are decomposed by water, and dissolved by strong acetic 
acid and by alcohol. (Berthemot.) * 

Magnetic)- mercuric Iodide. — A hot saturated solution of mercuric iodide in iodide of 
magnesium, deposits mercuric iodide on cooling; and the remaining liquid yields 
groenish-yellow, needle-shaped crystals, which probably consist of MgI 2 .2HgI J , and 
are resolved by water into mercuric iodide, and a solution apparently containing 
MgP.IIgF. (Boullay.) 

Potassio-mcrcuric Iodide. — A concentrated solution of iodide of potassium takes up, 
at the boiling heat, 3 at. HgP to 2 at. KI ; and of the 3 at. mercuric iodide, 1 at. is 
deposited on cooling, while the mother-liquor deposits the compound 2(KI.HgP).3H 2 0 
in long yellow prisms. The crystals, when heated, first give oft’ water, and then melt 
to a red liquid, from which mercuric iodide separates. They are soluble in alcohol 
and in ether, but water decomposes them, separating about half the mercuric iodide, 
and the liquid then yields by evaporation a saline mass, which may be regarded as 
2KI.Hgl 2 (Boullay). Dilute acids decompose the crystals, separating the mercuric 
iodide. Potassio-mercuric iodide is likewise easily produced by boiling a solution of 
potassium-iodide with mercuric oxide. 

Sod io-merc uric Iodide. — Iodide of sodium reacts with mercuric iodide in a similar 
manner to iodide of potassium. The solution, after depositing 1 at. mercuric iodide, 
yields by evaporation, a yellow, non-crystallising mass, which turns red when rubbed 
or scratched, from separation of mercuric iodide. 

Sir ontio-mer curie Iodide , prepared like the corresponding barium-compound, forms 
yellowish needles. 

Zinco-mercuric Iodide , prepared by Bonsdorff, crystallises in yellow, very deliques- 
cent, rhombic prisms. 

Perlodlde of Mercury, ITgP? is obtained, according to Hunt, by precipitating 
aqueous mercuric chloride with a solution of potassium-iodide previously saturated 
with iodine. It forms a purple-red powder, which is resolved into mercuric iodide 
and free iodine by heating or by exposure to the air. Gmelin regards it as a mixture 
of mercuric iodide with io t lie, 

MlftCVET, IODOCHLORXDE OP. - This compound is produced 

on dissolving mercuric iodide in a hot solution of corrosive sublimate, and separates 
on cooling in white, jagged, fern-liko laminte (Liebig). According to Boullay, a hot 
saturated solution of mercuric iodido in corrosive sublimate yields on cooling a yellow 
powder, Hg'TCl ; a less saturated solution yields, after the yellow powder, pale- 
yellow crystals, which, as well as the powder, soon turn red, from separation of mercuric 
iodide. 

MERCtJRT, X0I>0&ITX.»HXX>B OP. £ee Mercury, Sulphiodide of (p. 915). 
MBRCURV, MZ111CAPTZDB OF. with Sulphethylate of mercury. See 

Ethyl, Sulphydrate of (ii. 548). 

MERCURY, MITHXDI OF. See Mercury-radicles, Organic (p. 921). 

MXUtCURY. RITRZSS OF. Hg*X*. See Trimercuramink, under Mercury - 
RASES, AmMONIACAL (p. 917). 

M88CVRY, OXXDB8 OF. Mercury unites with oxygen in two proportions, 
forming the mercurous and mercuric oxides, analogous in composition to tho 
chlorides. 

Mercurous Oxide. Hg*0. Black oxide of mercury (also called dioxide and 
suhoside of mercury). It is produced by treating mercurous chloride, or the solu- 
tion of a mercurous salt, with excess of caustic alkali. To preserve it from decom- 
position, it must be washed and dried in the dark. Donovan suspends finely- 
divided calomel in water, treats it at once with excess of potash, and then washes and 
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dries the product. The mercurous oxide thus obtained yields but few globules of 
mercury on trituration ; but if too little potash be added in the first instance, there is 
formed, according to Donovan, a mercurous oxychloride ; and on further addition of 
potash, a mixture of mercurous oxide, mercuric oxide and metallic mercury. According 
to Guibourt (Ann. Ch. Phys. |^2] i. 42*2], it is impossible to obtain this oxide pure, 
because, during washing, even m the dark, it is partly resolved into a mixture of 
mercuric oxide and metallic mercury. The product formed by triturating mercuric 
oxide with mercury is merely a mixture. 

Mercurous oxide is a brown-black powder, destitute of taste and smell. The specific 
gravity of that obtained from calomel by the action of caustic potash is 8-9503 
(Kars ten), 10 69 (Herapath). It is very unstable, being resolved, even on exposure 
to diffused daylight , or by slight trituration in a mortar, into mercuric oxide and 
m(4allic mercury. At a red heat, it is resolved into mercury and oxygen-gas. 
With aqueous phosphorous arid, it yields mercury and phosphoric acid. By 
potassium and sodium , at about the melting points of those metals, it is decomposed, 
with vivid ignition and slight detonation, yielding metallic mercury and an alkali. 
It detonates when struck with phosphorus. It is slowly decomposed by ph*>sphorrtttd 
hydrogen gas (Graham). When boiled with aqueous iodide of pdasKiuH/, it yields, 
metallic mercury and potaesio-mercuric iodide; if the mercurous oxide is in excess 
mercurous iodide is formed at the same time (Berthemot, J. Pharm, xiv. 189). A 
concentrated solution of sal-ammoniac decomposes it in a similar manner, ammonia 
being evolved, and mercury Vicing separated, together with mercuric chloride (Pagen- 
stecher, Report. Pharm. xxvii. 27 ; L. Thompson, Phil. Mag. |3] x. 179). Car- 
bonate of ammonium likewise decomposes mercurous oxide into mercuric oxide and 
metallic mercury. 

Mercurous salts. — Mercurous oxide dissolves in acids, forming the mercurous 
salts, which may also be produced by dissolving mercury, under particular conditions, 
in certain oxidising acids, such as nitric or sulphuric acid ; also in some eases by pre- 
cipitation. 

Tho normal mercurous salts have the composition (Ug^V'A 2 , (Hg’l'A", (IIg* , ) 8 (A'")' J 

&c M the symbol A*' 0 denoting an n-atomic acid or chlorous radicle, such as NO*, &)\ 
&c., eg., 

Mercurous nitrate ~ (Hg , )"(NO‘ J p 

Mercurous sulphate — (Hg')"(S<)')". 


Those salts may also be regarded as compounds of mercurous oxide with anhydrides, 
or acid oxides, e.g. the nitrate, as Hg-O.N*0\ 

There are also basic mercurous salts, which maybe regarded either as compounds of 
tho normal salts with mercurous oxide, or as oxy -suits, analogous to the oxychlorides 
&c. ; or again aw formed on the type of two or more molecules of water, in which more 
than half the hydrogen is replaced by mercury, e.g., 

wo.n,c »■>■>■ - r - IB!"’. 


2Hg z O.NHP 
3Hg*O.N a O* --= 


2Hg*O.Hg 2 (NO > ) 2 


(IWfT 


(Hg'OV 


For the properties and reactions of mercurous salts see p. 899. 

Mercuric Oxide. II gO, Htd oxide of mercury (also called bmxulr and deul oxide 
of mercury). This oxide was known to tiio Arabians in tin- eighth century Gober 
and afterwards Raimond Lullius showed howto prepare it by igniting nmrrury-iut rate ; 
and Boyle, towards the end of the seventeenth century, discovered Unit it may be 
prepared bv heating mercury in contact with the air. . 

Preparation. — 1. By keeping mercury for a month or longer at a boiling heat in a 
flask filled with air, and having a long loosely-fitting tube adapted to its mouth ; the 
oxide thus obtained is called in pharmacy, Afercurins prtsci pitot us per sc.- 2. By ex- 
nosing mercuric or mercurous nitrate to a high and gradually increasing temperature 
in a crucible or, better, in a glass vessel surrounded with sand, as long as nitrous 
acid is evolved To save nitric acid, the nitrate, moistened with water, may lx* 
nreviously triturated with an equal weight of mercury, till the latter is completely 
dcadenedP this preparation is called Mercunus praxipitatus ruber. Care must bo 
taken not to raise the temperature too high. The oxide prepared by this process on 
tho am all scale is a dull powder; in commerce, it occurs in shining crystalline grains. 
According to Gay-Lussac, the small un pulverised crystals of mercurous nitrate yield the 
second fonn of the oxide, but the pulverised .alt yields the first form The more perfect 
CT^EStoation of the oxide prepared on the large scale >. undoubtedly due to the 
slower rate at which the heat increases.— 3. By precipitating a diaaolved mercuna 
aalt with excess of petaah, and washing the precipitate. 
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Impurities and Adulteration*. — 1. Bash mercuric nitrate, when the salt has not been 
sufficiently heated. The oxide containing this salt gives off nitrous vapours when gently 
heated in a retort. It may be purified in this manner, or by boiling with potash-ley, or 
by washing with water. — 2. Nitre. May be completely removed by boiling-water. 
— 3. Minium . Remains in the form of fused protoxide of lead, when the mercuric 
oxide is strongly heated in a glass tube, or in the form of peroxide of lead, 
when the mercuric oxide is dissolved in nitric acid. — 4. Brick dust. Remains 
behind, when the oxide is ignited or dissolved in nitric acid.— 5. Cinnabar. Remains, 
when the oxide is dissolved in hydrochloric acid. 

Properties. — Pure mercuric oxide is generally crystailo-granular and scaly, shining 
and of a bright brick-red colour ; by pulverisation it ucquires an orange-yellow colour, 
lighter as tho powder is finer. When prepared on the small scale, it is a dull, floccu- 
lent, earthy mass or powder, of a brownish brick-red colour. When obtained by 
precipitating a mercuric salt with an alkali, it forms a light orange-yellow powddh 
Specific gravity: 11*000 (Pol. Boullay), 11 074 (Herapath), 11*1909 (Karsten), 
11*29 at 4° in vacuo (Royer and Dumas), 11*136 (Playfair and Joule). — When 
heated, it becomes vermillion-red, and afterwards violet black, but recovers its original 
colour on cooling. It has a repulsive metallic taste, and is a violent acrid poison. 

The precipitated yellow oxide is more readily decomposed by heat and by chlorine 
than the red oxide obtained by the first or second method. The difference is attributed 
by Pelouze (Compt. rend. xvi. 60) to the difference of aggregation of the two varieties, 
the precipitated oxide being amorphous and the calcined oxide crystalline; but Gay- 
Lussac (ibid. xvi. 309) has shown that the difference is mainly due to the more finely 
divided state of the precipitated oxide; chlorine acts less readily on the calcined oxide, 
because the smaller surface presented by the latter quickly becomes covered with 
mercuric chloride, which impedes tho further action of the chlorine; but if the two 
varieties of the oxide arts subjected to the action of chlorine under water, which dis- 
solves tho mercuric chloride as fast as it is formed, no difference in the rate of action 
on the two can be perceived. The yellow as well as the red oxide is anhydrous. 

Mercuric oxide is not quite insoluble in water; according to Wallace (Chem. Ga z. 
1858, p. 345) 1 pt. of it dissolves in 200,000 pts. of cold water after long standing, and 
in 125,000 pts. after boiling and cooling of the liquid. The solution has a strong 
metallic taste ; turns violet juice green ; becomes covered on exposure to the air with 
shining films of metallic mercury; is turned brown by sulphydric acid, and milky by 
ammonia. (Guibourt, Donovan.) 

Decompositions. — Mercuric oxide gradually turns black when exposed to sunshine , 
being superficially decomposed into oxygen and metallic mercury, according to 
Guibourt, or, according to Donovan, into oxygen and mercurous oxide. At a red heat , , 
it volatilises completely, being resolved into oxygen gas and vapour of mercury. Part 
of the mercurial vapour again takes up oxygen, and the oxide thus formed collects on 
tho surface of the mercury which passes over, and diminishes its fluidity. With 
phosphorus , mercuric oxide detonates under the hammer. Boiled with phosphorus 
and water, it yields phosphide of mercury and aqueous phosphoric acid (Pelletier) ; 
at ordinary temperatures, the same mixture yields fluid mercury and phosphoric 
oxide, no phosphoric or phosphorous acid dissolving in the water (Braamcamp and 
Siqueira). A phosphate is likewise formed at the same time (Gmelin). Aqueous 
phosphorous acid forms mercury and aqueous phosphoric acid (Braamcamp and 
Siqueira). Mercuric oxide mixed with sulphur , and heated in a retort, produces a 
tremendous explosion (Proust). Concentrated sulphurous acid boiled with this 
oxide, immediately converts it into fluid mercury, -with formation of sulphuric acid. 

At ordinary temperatures, smaller quantities of sulphurous acid produce a rise of 
temperature amounting to 7*5°, and fbrm a Ifcbjtc powder, consisting of mercurous 
sulphate, part of which dissolves in tho liquid. - An excess of sulphurous acid turns 
this powder grey, and reduces it very slowly, but completely, to metallic mercury. So 
long as this change remains incomplete, the liquid still retains mercury, but is not 
rendered turbid by addition of common Balt ; nevertheless, it gives a precipitate with 
sulphide of ammonium, and after long standing, or immediately on boiling, deposits 
metallic mercury in the form of a grey powder ; the precipitation of the mercury is 
complete, provided the quantity of sulphurous acid is not too small (A. Vogel). 
Potassium or sodium heated to the melting point, decomposes mercuric oxide with 
vivid combustion and slight detonation, yielding metallic mercury and alkali. (Gay- 
Lussac and ThAnard.) Zinc and tin filings, and pulverised antimony heated with 
mercuric oxide, likewise occasion fiery decomposition. Solution of stannous chloride 
poured upon mercuric oxide reduces it to the metallic state, and is itself converted into 
stannic chloride, part of which is precipitated in the form of a basic salt., the action being 
attended with a rise of temperature amounting to 60° (A. Vogel). Hydrated ferrous 
oxide converts mercuric into mercurous oxide; so likewise do ferrous salts (Dufies, 
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Bchw. J. lxv. 115). Heated solution qf #q0*r reduces mercuric to mercurous oxide 
(A, Vogel). Chlorine gas decomposes meecuric oxide at a red heat, the products 
being oxygen gas and mercuric chloride ; at lower temperatures, hypochlorous acid 
andmercuric chloride are formed. The latter sometimes combines with the excess of 

oxide, forming mercuric oxychloride. 

Combinations.— \. With Ammonia.- Th^nard’e fulminating Jiwrcury, see Msn- 
CtJBY-BASES, AlCMONLXCAIe, p. 918. _ . , , ... 

2. With Lime.— This compound is obtained, according to Berthollet, bv boiling 
mercuric oxide with lime and water, separating the solution from the undissolved por- 
tion, and evaporating the liquid to the crystallising point. It then separates in yellow 

transparent crystals. , . , . , 

3. Mercuric Salts. — These salts are formed by dissolving mercuric oxido in aculs, 
alsoiy the action of oxidising acids aided l»y heat on metallic mercury ; also with 
evolution of ammonia, on Unling various ammonium-salts with mercuric i oxide Urn 
normal salts may be represented by tho formula Hg"A„, or (Hg )*'(A M ) i , the symbol A 
denoting an w-atomic. acid or chlorous radicle, c.g. : 

Morcuric nitrate Hg''(NO*) 2 « ‘ 


Mercuric sulphate 
Mercuric phosphate 


llg'(NO’) 2 

Hg"(80‘>" 

Hg^O 4 ) 1 


(l>o)*j 0 .. 


Thu basic salts may bo represented by formula; similar to those of tho basic mer- 
curous salts, e.g . : 


Zllg'O.N’O 5 


„ ((NO 8 ) 2 (NO*) 3 1 

Hg"O.Hg"<NO‘/' = Hk ; ! o “ M^l 




" UNO 8 )* 

3Hg"O.N 2 O ft - 2lIg"0.Hg"(N0 8 ) 2 = q* 


l Q4 

(N( >')*'( 


3Hg"O.SO* 


2Hg"O.Hg'\SO‘)" = Hg 1 


j(SO«)" 

o* 


(so 


O*. 


Normal mercuric saltH are, for the most part, colourless ; the basic salts yellow: 
they have a nauseous metallic tasti-, and am violent acral poisons. Ihcy Hn ’ 
not^d bv water especially at the boiling la*at, wit h separation, generally of a basic salt, 

^^ 0 .^ morcuri oxide, as from the “7X5? 

o„lt unmrtimrs a free acid, Hence H. Hose (logg- -''■nil. evil, ivn), 
an acid mere n , weukest of all basic oxides, no other oxide being prcci- 

regards mercunc owd* as the w t ,.R.st oi^^ ^ ^ ^, uti<)n of Im . Muri( , chloride. 

pitatc om e ** ^. 0 j^] ier of oxide or basic salt, the oxide being precipitated 

strong buses from tho^lutjous rtttjir u l chl()rid0[ , lo , lot tum a precipitate 

oxides which, . , thrown down by mercuric oxide from their solutions 

*uther of oxide or oxyc , , . , nm . imitate mercuric oxide from the solut ion of 

in hydrochloric acid where a* ^ of their own chlorides, 

the chloride, are not thrown down by thnt ox^n^m hydrochloric acul 

Thus the alkaline manganese is completely 

bymercur.cox.de, From solution otmon./^ HU i, )h ,„c, on the other 

precipitated after some time. . KC u, tum f c u,,ridr of had, mercuric oxido throw* 
{.and, is not decomposed); red-brown oxychloride (sulphate and 

down oxide of lead; from c Mortar j * chlorides of rtickrl and cobalt it 

acetate of zinc are not decomrs>sed V >y*)- *™ V^'complctily, the hitter for the 

precipitates the PF°^ 1(le8 no^decom posed) From frrrovs chloride, forrous oxide 
most part (the Bulphat^a oxi ] ft d imm( ^ately turning black, but becoming rod again 

is preapitated thamercunc o chloride, if tho quantity of mejvor.cox.de 

after a while; thetiquid conr, nxvi-hloride ■ and the insoluble residue consists 
present is not sufficient to form oxychloride, produced by the reaction. 2Ug O + 
oi JneKmrous chloride and a fert^ * ferric chloride, mercuric oxido in excess 

2Fo"Cl 8 =»='(Hg) Cl ( ) forming «n insoluble mercuric oxychloride 

throws down all the mm as for™ Jl With From cupric chloride it throw, 
(ammonio-ferric sulphate is ^ clipri( . sulphate is decomposed by it after a long 

down all the copper as c P inverted at the same time into a solid lump of 



KaBOOBT, OXTBKOMI9B tifjf^^aii^ttreurie bromide. Hg«Br*0« op 
3Hg"O.Hg"Br’. — This compound is .obt^M.’ according to Low ig, by boiling morcuric 
oxide and bromide together in water, or by boning a solution of the bromide with a 
quantity of potash not sufficient to pre#pitate it completely. As thus prepared, it ia 
a yellow crystalline powder, and crystallises from its aqueous solution in yellow 
needles. Rammelsberg obtained it, as a dark-brown powder, by precipitating mercuric 
bromide with carbonate of sodium. — Mercuric oxybroraide is insoluble in cold, some- 
what soluble in hot water, easily soluble in absolute alcohol (Lowig), insoluble in 
aqueous alcohol (Ra mm els berg). It is resolved at a gentle heat into oxygen gas, a 
sublimate of mercuiy, mercurous and mercuric bromide, and a residue of mercuric 
oxide (Lowig). By boiling potash , it is converted, according to Lowig, into pure 
mercuric oxide; whereas, according to Rammelsberg, it remains unaltered. Nitric acid 
dissolves mercuric oxide from it, and leaves the bromide. (Rammelsberg.) • 
MERCUBT, OXYCHLORIDE OI*. Mercuric chloride and oxide unite in 
several proportions, and the compounds may be obtained in various ways: as by the 
action of mercuric oxide on a solution of the chloride ; by incomplete precipitation of 
the latter solution with caustic alkalis or alkaline carbonates; and finally, by the action 
of chlorine on mercuric oxide. According to Mi lion, 1 at. mercuric chloride unites with 
2, 3, or 4 at. mercuric oxide; but it is difficult to avoid obtaining mixtures of these 
several compounds. The usual mode of preparing them is to mix a solution of mercu- 
ric chloride saturated at 15°, with a solution of perfectly puro monopotassic carbonate 
(KHCO 3 ) saturated at the same temperature. A precipitate of pure oxychloride is then 
at once obtained; whereas if a neutral alkaline carbonate be used, the oxide is precipi- 
tated : )t 

a. rfg 3 Cl 2 0 2 = Hg"ClV2lIg"0, is obtained by mixing 1 pt. of the solution of 
monopotassic carbonate with 6 to 10 pts. of the solution of mercuric chloride, stirring 
and immediately collecting the precipitate in a filter. It is a brick-red non-crystalline 
powder containing yellow mercuric oxide, which may bo separated from it by potash. 
When 1 pt. of the solution of the acid potassium-salt is mixed with 3 or 4 pts. of the 
mercuric solution, the liquid being well stirred and then left to itself, a bright yellow 
precipitate is first formed, which gradually turns red, especially on agitation, afterwards 
acquires a tinge of purple-red, and ultimately of violet. It has exactly the same com- 
position as the preceding. When 1 pt. of the potassic solution is mixed with 3 pts. of 
the mercuric solution, and the liquid is briskly stirred with a glass rod, black streaks 
begin to form on the side of the vessel; and if the contents are poured out, and a fresh 
mixture prepared, and briskly stirred, a dark precipitate is formed, the colour of which 
gradually passes into shining black. It has the samo composition as the preceding ; 
but when treated with potash, it yields red mercuric oxide. 

3. llg«Cl 2 0 :i = HgCl‘.31lg"0. Obtained on mixing the solutions in equal volumes, 
and leaving the. mixture at. rest. The liquid then becomes filled after a while with 
shining, golden-yellow, crystalline scales, from which potash separates yellow mercuric 
oxide, 

y. Hg s Cr 2 0 4 = HgCl J .4Hg"0. — When 4 to 6 pts. of the potassic solution are 
mixed with 1 pt. of the mercuric solution, no precipitate is formed at first ; but, after a 
while, carbonic afihydrido is given off, and a brown crystalline crust, having the com- 
position above given, forms on the surface of the liquid. The same compound is 
gradually deposited from all the liquids filtered from the preceding oxychlorides, and 
is likewise obtained by imperfect precipitation of ja Vann solution of mercuric chloride. 
Potash separates the red oxide from it. All thg other oxychlorides are converted into 
this compound when treated with boiling water x fehe liquid then depositing, on cooling, 
shining crystalline scales, also consisting of the same compound, but containing the 
yellow modification of the oxide. The same compound is obtained, according to 
Thaulow, when chlorine gas is passed into water in which mercuric oxide is sus- 
pended ; the analysis of the compound thus produced does not, however, quite agree 
with the formula of the tetrabasic chloride. ( Handworterbuch der Chcmie, vi. 772.) 

When a solution of mercuric chloride is boiled with mercuric oxide, or triturated 
with it, and then left to itself for a considerable time, several oxychlorides appear to 
be formed. A solution of mercuric chloride boiled with the oxide deposits, on cooling, 
a mixture of the several oxychlorides ; and on decanting the liquid, as soon as it has 
cooled to 60°, it yields small rhombic crystals of the compound Hg*Gl 4 0 or 
2HgCl*.HgO, which may be freed from admixed mercuric chloride by absolute 
alcohol. (Roue her.) 

According to Boucher's latest experiments (Ann. Chim. Phys. [3] xxrii. 353; 
Jahresb. 1849, p. 283), the composition of the oxychloride formed by the action oaf 
inetcurrc chloride on mercuric oxide, is different, according as the red or the yellow 
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modification of the oxide is^nsed iv ihl ^MMfeation, and likewise varies with the tem- 
peraturo and the nature of the stftvbnt^ high temperatures, whether the red or 
yollow variety of the oxide be employed, Msd Whether the chloride be used in the elate 
of aqueous or of alcoholic solution, the prod&gftE fbrmed are invariably the same, vis. a 
black ^insoluble compound, HgCl a .2HgO, containing the red oxide, and a white, 
somewhat soluble substance, consisting of 2HgClMlgO. At ordinary temperatures, 
the yellow oxide always produces the yellow compound HgCl*.3llgO. The red 
oxide, digested in the cold with excess of corrosive sublimate, dissolved either in water 
or in alcohol, forms black HgClViHgO ; but when the oxide is in excess, and the 
chloride is used in the state of aqueous solution and frequently renewed, a more 
energetic action takes place, and the compound formed is IlgCP.OHgO.lPO ; by 
operating in a similar manner, but using a somewhat larger quantity of tho chlorido 
sedation at first, tho anhydrous compound HgCIMiHgO is produced. Finally, the 
nature of tho product is influenced by trituration: for, by triturating tho red oxide in 
the cold with solution of corrosive sublimate renewed, at short intervals, tho product 
HgCIMHgO is obtained. 

All the mercuric oxychlorides yield, when heated, ft sublimate of mercuric chloride, 
or are further decomposed into oxygen, mercurous and mercuric chlorides, and a rusiduo 
of mercuric oxide. 


MBRCITSY, OXYCYANZDB OT , See Cyanides (ii. *265). 

MERCURY, OX YFLU ORIDB OP. See p. 903. 

MERCURY, OXYOEIf-SALTS or. For the general characters of these 
salts, see pp. 899, 900 ; and for the special descriptions, see the several Acids. 

MERCURY, OXY-IODZDB OP. Bueic mercuric Mule. Hg«lK) B - 
HgP 3Hg(>.— 1 This compound is obtained by melting the oxide and iodide together 
in the required proportions, or by heating the iodide with dilute potftsh-luy. It is a 
yellowish-brown powder, mostly mixed with excess of oxide. [For its reactions with 
ammonia, sec Mkkcuky- masks, Ammoniacal, p. 91 9. j 

MERCURY, PHOSPHIDE OP. This compound is formed: — 1 . Hy heating 
finely-divided mercury witli lj pt phosphorus (Pelletier); 2. Hy digesting 2 pis. of 
mercuric oxide with U phosphorus and I water, mercuric phosphate being formed lit 
the same time (Pelletier); 3. Hy decomposing heated calomel with vapour of phos- 
Dliorus (II. Davy); 4. Hy boiling aqueous mercuric chloride with phosphorus 
IJoulliiv) ft. In the decomposition of aqueous mercurous nitrate by phosphorated 
hydrogen gas (Thomson); f>. When phosphorated hydrogen gas is passed over dry, 
s H gl i t by r h eat ed mercuric chloride, whereupon the phosphide of mercury sublimes. 

(I I*lKwpiiid« of mercury (1 end i) is black ; may be cut with a knife; (fives off, when 
distilled first the phosphorus, and afterwards tho mercury; and, when exposed to the 
air Rradudly loses ill phosphorus by oxidation. That prepared by w*W W » 
brown (H Ua vv), brown-red (Berzelius); according toJiavy.it remains solid at 
the boiling i»oin<‘ of mercury, and may be preserved unaltered. That prepared by (ft) 
\Z thl form of dark-brown flakes. The' pn piirat ion (ft) is an orangey, d ow subli- 
mate, which, when somewhat suddenly heated, is resolved into phosphorus and mercury. 
(II. Hose, Pugg. Ann. xxiv. 33ft.) 

MERCURY, PBOSFBOCBIORIEBfi OT. - a. Hg"l”d 0 .3H 5 O “ Ilg"!^. 
3 lW'CP 3 lPO -Formed hy passing phosphorated hydrogon-gus through an aquesm, 
" l^^olu^rof mercuric ^clilorido. It is tr «l" 

mmmmmrn 

t it Rose Pogg. Ann. xl. 7 ft ) „ , . . , 

* w™»- 

<».»-i-i — -o <=-.•■ — • 

Iv. 361.) or. Mrrcvrxc Sdnvle, Ug'So. may be produced 

arSy by direct 

forms a tin-white which, j vh<* A ^ u tbo ac tion of the greater num- 

“ *-7 m f taU rtt D, U dlXa bv ^ro^atTacut, as mercuric selenite. Nitric 

I^pn“uces n thc some extdation. but only after long-continued bodmg. 
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Selenidea of mercury occur at Zorg* ; ^ Tilkerode in the Harz, and near 
Claus thaL Their composition is exhibited iaftlSe Allowing table : 


Mercury 

Selenium 

Sulphur 


Tilkerode. 

Schulz. 

Zatge. 

Mar*. 

X 

Clausthal. 

Kerl 

74*02 

23*61 

0*70 

74*5 

25*5 

75-11 

24-39 

74*82 

24*90 

98*33 

100*0 

99*50 

99*72 


The Tilkerode mineral contains also a trace of copper. When it is heated before the 
blowpipe, the greater part volatilises, leaving 11 85 percent, of foreign matter, including 
10*86 per cent, feme oxide). The preceding analysis applies to the volatile portion^ 
If the loss be reckoned as selenium, the mineral has very nearly the composition 
Hg"Se. The analyses of the minerals from Zorge and Clausthal lead nearly to the 

formula Hg“Se A , which is that of a mercuroso-mercuric selenide containing Hg 2 So. 
4Hg"Se. It is possible however that these minerals may really consist also of mer- 
curic selenide Hg'Se (Ram melsb erg's Miner alchemie, pp. 35, 1010). 

The native selenides of mercury are massive minerals, with compact granular texture 
and no cleavage. Hardness = 2 5. Specificrgravity = 7*1 to 7*37 (of the Clausthal 
ore). Lustre metallic. Streak shining. Colour steel to blackish lead-grey. 

Selenide of Mercury and Lead forms the mineral Lehrbachite , occurring at Tilkerode 
(pp. 658, 670). 

Selenide of Mercury , Lead, and Copper. — Minerals having this composition occur 
at Tilkerode and at Zorge in the Harz ; they are intimate mixtures, in which a white or 
grey mineral crystallised in small cubes, and a violet mineral, may be distinguished. 
Two specimens analysed in Rammelsberg’s laboratory gave 

Se. rb. Cu. Hr. 

a. (Specific gravity 5-74) . . . . 38 53 25*36 22*13 13*12 = 99*14 

b. ( „ „ 4*86) .... 34*19 43*05 17 49 3*61 = 98*34 

MBROUST, BZH.ZWXO-SUXPHIDS3 OF. Onofrite. — A mineral occurring 
with other ores of mercury near San Onofre in Mexico. It contains according to 
H. Rose’s analysis (Pogg. Ann. xlvi. 316), 6*49 per cent, selenium, 10*30 sulphur, and 
81*33 mercury,; whence it appears to be a compound, or perhaps an isomorphous mixture, 
of 1 at. HgSe and 4 at. HgS. In its physical characters it resembles mercuric 
selenide. 

Dei Rio (Pogg. Ann. xiv. 182) mentioned a grey mineral from Calabraa in Mexico 
containing 49 per cent, selenium, 1*6 sulphur, 24 zinc, and 19 mercury ; also a red 
mineral likewise containing selenium, mercury, and zinc. Subsequently {ibid, xxxix. 
626), he described the latter as a mixture of selouio-sulphide of mercury, selenide of 
cadmium, selenide of iron, and free selenium. 

KBROVEY) SULPHIDES OF* Mercury forms two sulphides, analogous to 
the oxides. 

Merourous Sulpiride* Hg 2 S. — This is the black precipitate formed by sul- 
phydric acid or sulphide of ammonium in solutions of mercurous salts. It may bo 
prepared by passing sulphydric acid gas through a solution of mercurous acetate ; if the 
nitrate is used, the liberated nitric acid exerts an oxidising action on tho precipitate. 
The best mode of preparation, according to Berzelius, is to drop a dilute solution of 
mercurous nitrate into a dilute solution of sulphjfflxate of ammonium or potassium ; or 
a solution of either of these sulphydrates may bfr’-poured upon calomel recently preci- 
pitated and still moist. 

Mercurous sulphide in the dry state is a doep-black powder; it is resolved at a 
geutle heat into mercuric sulphide and metallic mercury, which remains mixed with 
the sulphide in the form of Bmall globules. At a strong heat, it yields a sublimate, 
first of metallic mercury, afterwards of cinnabar. 

MeMurle Sulp iri de. Hg"S. This compound exists both amorphous and cry- 
stallised ; in the former state it is black ; in the latter, it has a fine red colour and 
constitutes tho well-known pigment called cinnabar or Vermillion. 

a. Amorphous Me r curie Sulpkid e . — When mercury and sulphur are triturated 
together for a long time in the proportion 100 mercury to 16 sulphur, they unite and 
form black mercuric sulphide; the product thus obtained is called in pharmacy, 
Aethiops mineral is. — The same compound is formed by heating 6 pts. mercury with 1 
pt. sulphur ; bat the product thus obtained is of rather uncertain composition, owing to 
the volatilisation of a portion of the sulphur ; moreover it contains a considerable quan- 
tity of cinnabar, which remains undissolved on boiling With potash, whereas good 
Aethiops is wholly or almost wholly soluble in that liquid.— The amorphous sulphida 
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fa also produced by precipitating the aotatjjlgi tf a mereuric salt with *xc**s of snlphy- 
dric acid or a soluble sulphide; by agitating Eb&rcury with pentasulphide of mnmcmi nm * 
or potassium ; and by exposing cinnabar to very gentle heat in a close vessel. 

Amorphous mercuric sulphide is^a velvet-black powder or a greyish-black mass 
When heated somewhat strongly in a close vessel, it yields a sublimate of cinnabar ; 
but on heating it in contact with the air, the sulphur burns and the mercury volatilises ; 
when ignited with caustic alkalis or alkaline carbonates, it gives off all its mercury and 
leaves a residue of alkaline sulphide (liver of sulphur). It withstands the action of 
most solvents, but is decomposed, with separat ion of sulphur, by very strong nitric acid ; 
dilute nitric acid has scarcely any action upon it ; nilrom uriatic acid dissolves it with 
tolerable facility. It is likewise soluble in aqueous sulphide of potassium, and the 
solution solidifies on evaporation to a mass of slender colourless needles consisting of 
potassio-mereuric sulphide, K^Hg^S*. 511*0, which is decomposed by water, with 
separation of black mercuric sulphide. 

/B. Crystallised mercuric sulphide. Cinnabar , Vermillion. Cinnabar occurs 
native, being in fact the most important ore of mercury: its principal localities have 
been already enumerated (p. 88:1). By far the greater part of the Vermillion occurring 
in commerce is however prepared by sublimation of the amorphous sulphide. 

Formation and preparation. — 1. In the dry way. — Mercury, mercuric oxide, or 
trimercuric sulphate, sublimed with sulphur, yields cinnabar, when 5 or C parts of 
mercury are added to 1 part of melting sulphur, and the mixture is heated, with constant 
stirring, till the sulphur becomes t hick, combination takes place suddenly, attended 
with evolution of light and heat, and with violent crackling and projection of the mass. 
The resulting compound exhibits a blackish-red colour, and frequently a distinct red 
streak ; it may be regarded as cinnabar partly mixed with black sulphide of mercury, 
and partly with uncombined mercury and sulphur in a state of minute division. Now, 
when this crude product, after being pounded, is mixed with a small quant ity of sulphur, 
and a glass flask half filled with it is loosely closed with a charcoal stopper, Bunk to 
two- thirds of its depth in sand, and exposed for some hours to a red heat in a slow- 
drawing wind-furnace, a sublimate of pure cinnabar is obtained. The excess of sulphur, 
being more volatile than the cinnabar, escapes; foreign metals remain in the form of 
sulphides s* the bottom of the flask. If the upper part of the tiask becomes too hot, 
a portion of the cinnabar may be lost by volatilisation. 

Old method of preparation in Amsterdam. - 170 pounds of mercury are gradually 
added to 50 pounds of melted sulphur contained in a cast-iron pot, the maturiafa being 
stirred up with an iron spatula, but not so rapidly as to give rise to active combustion 
— the mixture is poured out upon an iron plate, and broken into pieces after cooling— 
and the fragments are put into hand-jars capable of holding 1 J pounds of water. 1 I lie 
subliming vessels arc eurthern cylinders 4 feet high, glazed within, and closed at the 
bottom - they are sunk to two-thirds of their depth in a furnace in which tlioir lower 
part is heated to redness. A few hand-jars full of the mixture are thrown into each of 
these subliming vessels, and the contents left crackle and bum till the greater part 
of the excess of sulphur volatilises, and the flame diminishes. The smooth, level 
opening is then covered with a thick, smooth plate of cast-iron ; the plate removed as 
Boon as a sufficient quantity of cinnabar has collected upon it ; the cinnabar winch has 
collected on the upper part of the vessel is pusned down again , u fresh plut< put on, 
&c &e The contents of the cylinder are stirred up from time to time, and fresh 
material is introduced. The cinnabar, after being detached from the plates, is ground 

“ttT number of casks, each containing 8 pound- of 
(.round sulphur and 42 pounds of mercury, are mad.- to turn upon tli.-ir a»-» &r two 
or° three hours, till the contents are converted, with slight evolution of heat into a 
Wn powder 100 pounds of this |>owder arc then introduced into an upright cast- 

iroJTvUnder previously heated in a furnace ; the cylinder is covered with an iron <a.pit*l, 
kept down by weights till the crackling of the mass is over ; and the iron capiti.1 » then 
keptoown oy w g having its beak connected with a tufa- and receiver, and 

[lietfis mc^d Th^’t dnnabar collect, in the capital, which u, afterward, 
the ftreis lncreaaea. condenses in the tube and receiver, if mixed with excess 

broken in piece * > . Quantity introduced at, the next sublimation. The cinnabar, 

With potash-ley, and washed with 

ESLTXl ini cold water. (M itech erl.ch, WiU) 


up for foor-and-twenty oroa u u^ a.™ 

SffiaSnSSi? floating £ it. is poured off aft^a while. 
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the process being twice repeated ; and lastly, the sediment at the bottom is dried. 
(N. Etfinb. J. of So. ii. 352.) # 1 

European cinnabar, whether prepared in the dry or in the wet way, always has a 
tinge bf yellow ; the Chinese, which is six times as dear, inclines to carmine colour, 
although no foreign matter can be detected in it, excepting a little glue. By the sub- 
limation of common cinnabar with 1 per cent of sulphide of antimony, a dark steel- 
grey cinnabar is obtained, which becomes brown-red when pulverised : but if it be 
finely ground, and repeatedly boiled with solution of liver of sulphur, then thoroughly 
washed and digested with hydrochloric acid, and afterwards washed and dried, it 
becomes exactly like the Chinese Vermillion, but of a still finer colour. No antimony 
can be detected in it. (Wehrle, Zeitschr. phys. v. IViss. ii. 27.) 

The principal point to be attended to in tne preparation of cinnabar by sublimation, 
is that no black amorphous sulphide shall get mixed with it. * 

2. In the wet way .— The black, amorphous sulphide of mercury obtained by the 
action of sulphydric acid, or of alkaline sulphydrates or persulphides on mercury, its 
oxides, and salts, is converted by contact with alkaline persulphides, slowly in the 
cold, but quickly when heated, into the red sulphide. 

Very fine cinnabar may be obtained by immersing recently precipitated “ white 
precipitate ” (p. 916) in a solution of sulphydrate of ammonium, or in monosulphide of 
ammonium previously saturated with sulphur : the black colour which the precipitate 
first acquires passes, at a temperature between 40° and 50°, through red-brown into 
the beautiful deep red of Chinese Vermillion, the change taking place more quickly as 
the liquid is more concentrated. The colour may be rendered still brighter by subse- 
quent digestion with potash at a gentle heat. (Liebig, Ann. Ch. Phurm. v. 289; vii. 49.) 

Brunner (Pogg. Ann. xv. 593) carefully triturates 100 pts. of mercury with 38pts. 
of flowers of sulphur, till the whole is converted into black amorphous sulphide — a 
process which requires three hours for small quantities, and twelve hours if the quantity 
amounts to a few pounds — and heats it in a porcelain basin or a cast-iron pot, with a 
solution of 25 pts. of potassium-hydrate in 133 to 150 pts. of water, keeping the tem- 
perature uniformly at 45°, and never letting it rise above 50°. At first the mixture is 
continually stirred with the pestle, afterwards from time to time. The water which 
evaporates is replaced, so as not to allow tho mixture to acquire the thickness of a 
}elly. When the reddening has once begun, which generally takes place in about eight 
Wurs, the heat must not be allowed to rise above 45° ; and as soon as the red has at- 
tained its greatest degree of brightness, the vessel is removed from the fire, or else, 
which is better, the mixture is kept for some hours exposed to a gentler heat. It is 
then washed, and the mercury which remains metallic is separated by levigation, 
whereupon it yields from 109 to 110 per cent, of cinnabar, but little inferior to the 
finest native variety, and far superior to that obtain**! by sublimation. The above- 
mentioned proportion of the ingredients gives the largest amount of cinnabar; 100 pts. 
of mercury yield with 40 pts. of sulphur and 40 of potassium-hydrate, 107 cinnabar; 
with 28'3 sulphur and 61 potassium-hydrate, 94 2 ; with 33 to 40 sulphur and 60 
potassium-hydrate, 815; and with 30 sulphur and 60 potassium-hydrate, only 47'3 
cinnabar. (Brunner.) 

D oberei n er (Schw. J. Ixi. 380) gently heats mercury with a solution of pentasulphide 
of potassium, triturating it continually, till the mercury is converted into a dark red 
powder, a change which generally takes place in about an hour and a half; he then 
decants the liquid (which contains protosulphide of potassium, and by digestion with 
sulphur may be rendered fit for another preparation of cinnabar), and triturates the 
powder with a small quantity of dilute potash-bey at 40° or 45°, till it acquires a fiery 
red colour. * 

If the cinnabar has become brown from be»Hg heated too long with sulphur and 
potash-ley, it may be restored to the state of the finest Vermillion by the addition of 
water and the application of a moderate heat, (S torch, Kepert. Pliarm. xxxv. 107.) 

Th. Martius (Kastn. Arch. x. 497) phices the ingredients in bottles closed with corks 
and packs them into a box, which is fastened to the upper beam of a saw-mill. In 24 
or 36 hours, at ordinary temperatures, the most beautiful cinnabar is obtained ; it is 
afterwards washed and dried. This method not only has the advantage of dispensing 
with the labour of trituration, but likewise prevents the hitherto unexplained passage 
of the cinnabar into the brown state, which is so liable to take place on the application 
of heat. 

Adulterations. — Brtckdust remains behind on ignition . — Oxide of iron , the same; it 
may also be dissolved out by hydrochloric acid . — Red lead reipains behind on ignition 
in the form of a fused protoxide, and yields chloride of lead, with evolution of chlorine^ 
on boiling the substance with hydrochloric acid ; the chloride thus formed may be 
extracted by boiling water. — Dragon's Blood ; Empyreumatic odour on the application 
of heat ; gives a red colour to alcohoL 
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Properties. — Native cinnabar and many of the artificial varieties form heraihedral 
crystals belonging to the hexagonal system, the primary form being an acute rhombo 
hedron, in which the length of the principal axis is 2 29, and R : R in the terminal 
edges 71° 48'. The most ordiuary combination is R . oR, somewhat like fig. 361 
(ii. 224) ; also with ooR, the latter sometimes predominating. Cleavage parallel to 
ooR. Cinnabar obtained by sublimation assumes the form of fibrous masses. Specific 
gravity of the native mineral, 8*0 to 8*1 ; of a cleavable variety from Ncumarktcl, 
8*998; of the artificially sublimed compound, 8*0602 (Karsteu), 8*124 (Pol. Roullav). 
Hardness of the native mineral = 2 to 2*5. It is sectile and has a subconchoiaal 
uneven fracture. In the mass it is cochineal coloured, transparent, and has an ada- 
mantine lustre; its powder is scarlet. It becomes brownish whon gently heated ; 
quite brown at. 250°, and black at a higher temperature ; but if the heat has not been 
strong enough to cause it to volatilise, it recovers its fine scarlet colour on cooling. 

*Pure mercuric sulphide contains 86*2 per cent, mercury and 13*2 sulphur ; native 
cinnabar is, for the most part, nearly pure, the percentage of mercury varying from 
about 78 to 86 per cent. 

In its chemical relations cinnabar, both natural and artificial, resembles the amor- 
phous sulphide, excepting that it is still less easily attacked by solvents. Heated 
with iron , tin, antimony , and several other metals, it yields metallic mercury and a 
sulphide of the other metal. Caustic alkalis and alkaline carbonates also liberate the 
mercury at a red heat, while a mixture of metallic sulphide and sulphate remains 
behind ; thus with lime : 


4HgS + 4CaO = Hg« + 3CaS + CaftO*. 

Heated with protoxide of lead , it gives off sulphurous anhydride and mercury, leaving 
very puro motallic leadi and a fused slag, which, if the oxido of load is not in very 
great excess, contains undocomposod cinnabar. 

MERCURY, BVLPHOBROMIDB OP. lfg-Br’8*. HgHr a .2HgH. When 
sulphvdric acid gas is pnssod through n solution of mercuric bromide, a white precipi- 
tate is at first formed, consisting of this compound, which in ^afterwards transformed by 
excess of sulphydric acid into black mercuric sulphido. The suljj.hobroinido is also 
produced by digesting the black sulphide with the aqueous solution of the bromide. 
•It is yellowish-white when dry; splits up into mercuric bromide 

heated; is blackened by alkalis, but loss quickly than the corresponding chlonne-c< m- 
pound. It is neither decomposed nor dissolved by mtnc or sulphuric acid at the 
boiling heat. 

MEBCUST, BOlPEOCBLOBIsa OP. lfg*CIW. Produced by reaction* 
similar to thono above described for the sulphobromide, which it resombles >n Jta pro- 
pertiosand in most of its reactions. Heated in a current ot cblonne gas, it yield, 
chloride of sulphur and mercuric chloride. 

HBtcntr, 8VIPB0.I09ISB or. ifgH'S - Hgl'.Hg ' S. Produced like 
the preceding compound, which it resembles. 

KBROVBT-UUC, AMMOKIACA1. ( C. O. M its c h e r 1 i c h, Pogg. A nil. 
ix^W^xIh 41 .— Kane. Ann. Ch. Phys. |2] lxxii. mout. Ann Clt. 

oi wiucn ■ Tlrr'CH 2 * amr/um to-m ereu rous chloride, 2Nll\(rlg ) , 

ammnntn-mrrcur.c cUoruUtni JgU , H „ (ir ,i um . u with his amidogen 

Oerharft fl^sn^tod^that Uiey « ^ ^ ^ bM „ fu „ hor d;TO l„pod in 

compound isformed from a mercuric or a mercurous salt, thu 



Mercurosammoni um 

N a H 4 I&* 
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Dimoreurosammoriium . 
Tri mercarammonium 
Trimercurosammonium . 
Totramercurammonium 


N*H 4 (Hg*)* . 
N’lPlfg 8 
N a H 8 (Hg a ) 8 
N a Hg 4 


None of the mercurammoniums have been obtained in the free state ; but trimer- 

curamine, lfg*N 2 , is produced by the action of ammonia-gas on dry mercuric 
oxide. 

Merenrammonlum . — The bromide of this base, * j N 2 Br a , (like 

e or 7j,* p. 921) is produced by melting mercuric bromide at a gentle heats* in 
ammonia gas, the salt then taking up about 3 4 per cont. of the gas. Water 
extracts bromido of ammonium from the product, and loaves a yollow powder which 
gives off ammonia when treated with aquoous sulphide of potassium, but not with 
caustic potash. 

Bromide of Mercury and Mer cur ammonium. N 2 H a .2IIg"Br a — j N 2 Br a . 

IlgBr 3 , or Bromide of Hydrogen and Dimcrcurammonium NII 9 .IIg"Br 2 = ^ | NBr. 

HBr, ($), is produced by saturating mercuric bromide with ammonia gas. It is a 
white powdor insoluble in water and in alcohol, sparingly soluble in ammonia, and is 
rosolvod by heat into nitrogen, ammonia gas, aqueous vapour, [? hydrogen], and a 
sublimate of mercuric bromide. 


Chloride of Mercur ammonium. — 2NH 8 .HgCl 2 = j N 2 C1 2 , (e). Fusible white 

\ precipitate . Obtained by precipitating a solution of ammonio-mercuric chloride 
{alcmbroth salt, p. 808) with potash (W oh lor), or by dropping a solution of mercuric 
chloride into a boiling solution of sal-ammoniac mixed with froe ammonia, as long as the 
resulting precipitate rodissolvos ; itthon separates on cooling in garnot.-dodocahedrons 
(Mitscherlich). At a gontlo boat i t gi vos off hal f its ammonia , loavi ng t lie compou nd 
NH 3 .Hg"Cl a , (7), which is also formed by gently heating mercuric chloride in astroam of 
ammonia gas, or by distilling mercuric oxido with sal-ammonia. (M i tschorlich.) 

Iodide , — 2NII*,BfgI* *= j N a I a , (tj). Bed mercuric iodide absorbs ammonia gas 

and forms this white compound, which however, when exposed to the air, gives off its 
ammonia and is reconverts! into rod mercuric iodide. (H. Rose.) 

The compound N]I 8 .Hg"P (5) is obtainod by drenching mercuric iodide with aqueous 
ammonia, as a whito crystalline powdor which dissolves in excess of ammonia, leaving 
a brown powder consisting of hydrated iodide of totrumorcurammonium ; on evaporat- 
ing tho ammonincal solution, the compound is deposited in small crystals. It quickly 
gives off its ammonia when exposed to the air, and is likewiso decomposed by water 
and by acids. (Caillot and Corriol ; Raramolsberg.) 


Dimereurammontum. 


Hg 

H 


■i 


N 2 . The chloride of this base 


Bg 

H 4 




N*C1* 


(a or 0, known in pharmacy as infusible whito precipitate, Mercurius pracipi- 
tatus albus, is formed by adding ammonia to a solution of mercuric chloride. When 
firat produced it is bulky and milk-white, bu V by contact with hot water, or by much 
washing with cold water, it turns yellow afl<i is converted into hydrated chloride 

of totramercurammonium, Hg 4 N 2 Cl a .2H 2 0. 7t is readily dissolved by acids, and is 
especially distinguished from calomel by its behaviour with ammonia, which does not 
alter white precipitate, whereas calomel is blackened by it. Kane regards this com- 
pound as an amtdochloride of mercury , Hg'H'N.Hg'Cl. 

The tetrammonium salts (p. 918), all of which contain water, may be regarded as 
compounds of dimercuraramonium salts with mercuric oxide, eg. the chloride 


Hg 4 N a Cl a .2H*0 as Bfg a H 4 N*Cl a .2Hg"0. In like manner, ammoniacal tvrpcthum, the 
salt produced by the action of ammonia on mercuric sulphate, and described at p. 920 

as a sulphate of tetramercurammonium, (HgW^O^IPO, may bo regarded as a basic 
sulphate of dimercurammonium, (Hg a H 4 N a )S0 4 .2Hg"0. 


The Greek letters In this and the following paragraphs refer to the table on page 921. 
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A double nlpkatt of ammonium and dimercurammonium J 8*0*.9H*0, («*), 

is obtained by adding mercuric oxide by small portions to a cold saturated solu- 
tion of sulphate of ammonium, waiting each timo for the last portion to dissolve, 
till tho liquid begins to show turbidity, from separation of a white basic compound, 
Oq leaving this solution to evaporate at ordinary temperatures (if evaporated ovor 
the water-bath, it again deposits a white basic compound), the double salt crystal- 
lises from it in small white needles, or more definite colourloss rhombic crystals, 
which give off thoir water at 115°. The salt dissolves easily in sulphate or chloride 
of ammonium, also in hydrochloric acid, either dilute or concent ratod, and in very 
dilute sulphuric or nitric acid, but is insoluble in strong nitric acid, and is completely 
decomposed by strong sulphuric acid at the boiling heat. 

m The double salt is completely decomposed by water, even in the cold, and converted 

into a heavy, white, earthy powder, consisting of the basic salt, 2(lfg*H 4 N t )80\3Ilg"0, 
which likewise separates, when a solution of sulphate of ammonium, saturated with 
mercuric oxide, is poured into water. It resembles tho sulphato of tetramorcur- 
ammonium {(urnnon ideal turpethum) above mentioned. The latter is also produced by 
boiling the finely triturated doublo salt with water, continually renewed as long as 
it takes up any sulphuric acid. 

Another basic compound is obtaiixsl by dissolving the above-described doublo salt in 
cold dilute sulphuric acid, and adding the solution to an excess of diluto potash-ley ; 
ammonia is then given off, and a white substance separates, which, when washod with 


water, and dried at 115°, has the composition Hg*H*N , S0 < .3Hg"0, or (iKg'N*)^*. 
Hg’0.2H a 0, (<*>). 

The solution of the last described compound, or of tho double salt, in hydrochloric 
acid, poured into cold dilute potash-loy, kept constantly in excess, forms a white pre- 


cipitate of (Hg a H«N»)Cl*.3Hg v O or (I*g 4 N a )Cl a Hg';0.2lI a 0, O'). This compound 
dissolves in boiling aqueous chloride of ammonium, giving off ammonia, and forming a 
double chloride of ammonium anddimorcurammonium, which however has not yet been 
obtained pure. Finally, by boiling tho last-mentioned compound with strong potash-tey 
till its colour chaugesfrom white to yellow, another oxychloride is obtained, having tho 


composition (Hg a H<N a )Cl a .4Hg"0 or Hg 4 N a OIV2Hg' 0.211'0, (a'), and by con- 
tinued boiling for a day with fresh portions of potash-ley, more and more chlorine and 
nitrogen may bo removed, till at last nothing is loft but pure mercuric oxide. 
(Schmieder.) 


Trimercuramine. llg*N a . This compound is formed by passing dry ammonia 
gas ovor precipitated mercuric oxide previously well washed and dried . 

3HgO + 2NH* - Hg*N* + 3H*0. 

Thooxcess of oxide being removed by nitric acid, t he trimercuramine is obtained in 
the form of a dark flea-brown powder, which explodes by heat, friction poraussion, or 
coutact with oil of vitriol, almost as violently as iodide of mtiv»gen. When cautiously 
boated with hydrato of potassium, it is decomposed without detonation, yielding am- 
monia-gas and sublimed mercury. It is also decomposed by hydrochloric, **Y*ur\c 
and concentrated nitric acid, yielding an ammoniac*! and a mercuric salt. (Planta- 

raour, Ann. Ch. Pharm. xt. 1 16.) t __ 

By the action of various ammonia-salts at a boiling heat on mercuric oxide, com- 
pounds are obtained, which may be regarded as compounds of trimercuramine with mer- 
curic salts : thus with phosphate of ammonium, the salt Hg , N‘.flg*P J 0\2H a O 0*)i 


with the acetate, the compound 
pounds may also be regarded as 


Hg»N*.C 4 IT*Hg"0 4 .4H a 0 (A) (Hirxel). £hese corn- 
salts of tetramercurammonium (p. 018). 


TrlmeronrtunmoDlam. ”f* |n«. The only known salt of this ba» in tho 


nitrate ( N a .(N0*)*.2H*0, (g), which is produced as a white precipitate on 
mixing n H dilnte and vary arid solution of mercuric nitrate with very dilute ammonia. 
It might also be regarded as a home nitraU of mercuramnumium, g. J N*.(NO*)*. 
2Hg'0, or according to Mitacberlich, as a ktnic ammonio-nUraU of mtnmrg, 
aNH'.aHg'O.NK)*. 

Tetramercurammonium. Hg'N*. By acting on mercuric oxide with aowOT. 
a^To^n brown compound is obtained, tho so-called morcuram.n. which ttoy 
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bo recorded aa a hjdratod oxido of tetramercurammonium It is a 

strong base and forms definite salts, from which it is separated by acids, without 
decomposition, at ordinary temperatures. It may also bo regarded as oxide of diraer- 

curammonium combined with mercuric oxide, viz. as lfg 2 H 4 N*0.2Hg O, and its 
.salts represented by corresponding formulae, that is as compounds of mercuric 
oxide with the chloride, iodide, acetate, &c., of dimercurammonium, or they may be 
formulated as compounds of mercuric salts with trimercuramino (p. 917). The 
tetrammonium salts are also produced by the action of ammonium salts on mercuric 
oxide (Hirzel, lxxxiv. 258), and in other reactions, as will bo presently mentioned. 

Acetate of Tetramercurammonium. C 4 H fi (Hg 4 N 2 )"0 4 .4H 2 0 (A).— Crystallised 
compound obtained by treating mercuric oxido with acetate of ammonium. Whgii 
dried at 100° it leavos a yollowish-whito powder. 

The arsenate is a white salt, obtained by boiling mercuric oxide with arsenate of 
ammonium. 

Hr ornate. (Hg 4 N 2 )Br 2 0 8 .2H 2 0, (<).— This salt soparatos slowly from an aqueous so- 
lution of mercuric bromate slightly supersaturated with ammonia, bromate of ammoqium 
remaining in solution. When hoatod in a glass tube, evon in very small quantity, it 
detonates with great violence, metallic mercury being scattered about. (Rammol fi- 
ber g.) 

Carbonate. (ri'g 4 N 2 )C0 2 .4H 2 0 (x).— Obtained by passing carbonic acid gas through 
water, in which hydrate of tetramercurammonium is suspended, as a pale yellow 
powder, which may bo washed with cold water without decomposition (Mil Ion) 
Hirzel, by boiling finely-divided mercuric oxide with excess of carbonate of ammonium, 
obtained a salt having the same composition, but with * at. water more. It was 
yellowish-white when dry, turned grey when exposed to light, was not decomposed by 
potash, but gave off all its nitrogen as ammonia when boiled with aquoous iodide or 
sulphide of potassium. By treating morcuric oxide with an excess of cold aqueous 
carbonate of ammonium, Hirzel obtained a white pulverulent salt containing 

(Hg*N 2 )C0 a .H 2 0 (*) ; when exposed to light it quickly decomposed, assuming a grey 
colour. 

Millon’s carbonate of tetramercurammonium may bo washed with water without do- 
composition. When perfectly dry, it may bo heated without alteration to 130 , but at 
higher temperatures it gives off a considerable quantity of water. At 145° it assumes 
a slight brown tint, not however giving off any more water at that temperature ; but if 
the heat be raised to 180-200°, more water is given off, together with a largo quantity 
of ammonia; the residue has a deep yellow colour and contains a considerable quantity 
of carbonic acid, but doos not effurvosce with acids. This rosidue is decomposed by 
'strong hydrochloric acid, which eliminates a gas from it, with decrepitation. 

Chloride. rig*N 2 Cl 2 .2H 2 0 (w).— Obtained by subjecting chloride of dimercur- 
ammonium (infusible white precipitate) to prolonged washing with cold water, or 
better by boiling it with water : 

2lfg 2 H 4 N 2 Cl a = Hg 4 N 2 Cl 2 2H 4 NC1; 

also by treating the chloride of dimercurammonium with potash or soda. It is a 
heavy granular, yollow powder, which turns whittf again when treated with sal-ammo- 
niac. (Kane.) f 

Chromate. (tfg 4 N 2 )Cr0 4 .2H 2 0, (v).— A sdution of chromate of ammonium doos 
not act on mercuric oxide in the cold ; but converts it at the boiling heat into a 
compound of chromate of tetramercurammonium with 3 at. mercuric chromate 
(Hg'TJrO 4 ), which when boiled with aqueous iodide or sulphide of potassium, gives 
off all its nitrogen in the form of ammonia, and when drenched with ammonia, is con- 
verted into a lemon-yellow chromate of tetramercurammonium having the composition 
above indicated. 

Hydrate. (*)• — This compound is obtained either by treating mer- 

curic oxide with aqueous ammonia, or by heating a salt of tetramercurammonium with 
a caustic alkali. Yellow mercuric oxide obtained by precipitation is rapidly acted 
on by ammonia ; the red modification but slowly ; the product of the action of am- 
monia on the latter retains the crystalline character of the oxide itself. By washing 
the hydrate obtained by either process with water, then pressing it between bibulous 
paper, and drying it over oil of vitriol in a vacuum, or exposing it to a tempera- 
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ture of 130° ; it is obtained as a brown powder containing joMPO, (•). 


By 


drying itovor quicklime under a boll-jar it is obtained as a yollow substance containing 

| Q3 4 jpo, (k). The product prepared from tho yollow oxido parts with its water 
much more readily than that obtained from the red oxide. 

The dark brown compound ^ jp^ j O-.ll O (the so-called anhydrous mcrcuramin c ), 
which may also bo represented as a compound of oxido of dimorcurammouium with 

ifir 4 ) N* 

mercuric oxido IIg*II'N‘0.21Tg"0, or as a hyduramino (i. 197) containing i** 

not altered by contact with the air. Tho yollow more highly hydrated compound, on tho 
other hand, absorbs carbonic acid rapidly from tho air and turns whites being converted 
into carbonate of totminoivuniminonium. It is insoluble in water and in ah'oho/, 
gives off ammonia when boiled with potash, but requires long boiling to complete tho 
decomposition. Tho brown compound is decomposed by fusion with hydrate of 
potassium into nitrogen, metallic mercury, and mercuric oxido. 

Hydrate of totrunierourumnnmium dissolves very easily in acu/s, forming the wilts of 
totrammonium. It expels ammonia very readily from its salts, like lime, It dissolves 
very oasily, with brisk evolution of ammonia gas, in a hot solut ion of nitrate of am- 
monium, and the solution deposits, on cooling, a considerable quantity of white crystals, 
which are decomposed by water, yielding a greenish-yellow powder. It dissolves also 
with equal facility in a hot solution of sal-ammoniac^ with evolution of ammonia, and 
separation of a white powder insoluble in water. 

lodate. — Hy digesting mercuric iodrito with ammonia, Millon obtained a salt, of 
variable composition which decomposed at about 180 with detonation and formation 
of mercuric iodide. 

Iodide lIg 4 N J I 2 .2lI v O, (a>). This compound may bo formed in several ways — 
1. Hy holding mercuric iodide with oxross ot ammonia: 

ll{g"P + 81PN + 211*0 - lfg 4 N a l“.2H a O + OIHNT, 

Iodidoof hydrogen and dimorcuniimnmiium is formed at tho same time and dissolves 
in the hot liquid, while tho iodide of totrnnmreiiramrrumiurn remains in the form of a 
brown powder. To obtain it pure, the liquid must bo decanted before it begins to de- 
posit crystals, and the brown residue again boiled several times with fresh ammonia, 
till the filtered liquor no longer deposits crystals on cooling.— 2. J3y passing anmionm- 
gas over mercuric oxy-iodide: 

jjfg«F0» + 2IPN « llfg'N'L' 2IH0 + ll 7 0. 

3. Ity digesting the chloride of tolrumercurammomum in aqueous iodido of potassium 
(Uammelsbei g) ; adding ammonia to a solution of iodido of mercury and potassium 
iuixod with caustic potash (Nossler, Client. Oaz. 1860, pp. iif), 1C3) : 

4Hg"K*I« + 2H“N + 6KIIO ~ I Ig* NT 1 . 211*0 + UK l + 4H T 0. 

This last reaction affords an extremely delicat e test for ammonia. A solution of iodido 
of mercury and potassium is prepared by adding iodido of potassium to a solution of 
corrosive sublimate till a portion only of tho resulting rod procipitato in i rodissohod, 
then filtering, and mixing the filtrate with caustic potash The liquid thus obUunod 
produces a brown precipitate with a very small quantity of Ammonia, either free or in 
the form of an ammoniac*! salt. The precipitate is soluble in excess of iodide of 

^KlTdTof tite^Swumminonium is a powder of a brown colour inclining to imrple- 
red It gives off a small quantity of water at 1 28° .and if more strongly heated out of 
c!miact with the air, it melts to a dark brown liquid, am .s then decomposed with a 
blue light and violent explosion, yielding water, metallic mercury, mercuric iodide, 
ammonfa, and nitrogen, without leaving any residue. Heated with aqueous sulphide 


it oives off all its nitrogen in the form of ammonia. In a stream of hydro- 
1 yellow inV, Kive. off white fumes, and at 
vield* a sublimate of ammonio-rnercunc icd dc, mercuric chloride, chlond* of 
nrnmonl uin and iodide of ammonium. It dissolves easily in warm hydrochloric acid, 
forming a colourless liquid, which, when concentrated, deposit* on cooling red crystal* 
of mercuric iodide, and yollow crystals of mercuric lodochionde. 

•5 N 
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Nitrate. rig«N*(NO s ) s .2H«0, (like *).— Obtained by mixing a hot dilute solution 
of mercuric nitrate with a slight excess of ammonia, as a white granular powder, which 
when heated, turns yellow, giveB off nitrogen and ammonia, then nitrous acid, and 
finally oxygen and mercury. It is altered by boiling potash ; dissolves in cold 
■chlono acid, and is separated from the solution by-yater ; dissolves sparingly Mi 
without decomposition in nitric and sulphuric acids ; dissolves also in ammonia^ and is 

partially precipitated from the solution by water. (Soubeiran.) 

A yellow crystalline double salt consisting of nitrate of ammonium and tetramercur - 

■ ammon ium, ^^l(S0 3 ) , .2H , 0 ((), is obtained, according to Mitscberlicb, by mixing 

nitrate of trimercurammonium (p. 917) with excess of ammonia, and adding nitrate of 
.ammonium, which dissolves a portion of the salt. As the solution cools and the am- 
monia evaporates, the double salt separates in crystalline plates. * 

Oxalate. C*(Hg 4 N 2 )0 4 .2H 2 0, (r). — Obtained by digesting mercuric oxalate with 
excess of ammonia and washing the product till the liquid no longer exhibits any alka- 
line reaction (Mi lion) ; or by digesting mercuric oxide in the cold with oxalate of 
ammonium (Hirzel). It is a white, loose , amorphous powder, which explodes when 
heatod. 

(IIg 4 JN T *)) 

Phosphate. >P 2 0 8 .2H 2 0, (fi ). — Oblaincd by treating mercuric oxide w'ith a 

Hg 2 ) 

boiling solution of tri-ammonic phosphate. It is a white salt which is not decomposed 
by potash, but gives off ammonia when treated with iodide or sulphide of potassium. 
(Hirzel.) 

Sulphate . (flg 4 N 2 )S0 4 .2 ll 2 0, (<r). — Ammvniacal turpethnm. This salt, first ob- 

tained by Fourcroy, and subsequently analysed by Kane, is prepared by dissolving 
morcuric sulphato in ammonia and precipitating the solution with water. Ammonia 
takes up a very largo quantity of mercuric sulphato, and when a perfectly saturated 
solution is loft to evaporate in the air or over oil of vitriol, its surface becomes covered 
with crystalline crusts, consisting of small, hard, highly lustrous crystals of ammoniacal 
turpothum (Mi lion). The Balt may also be obtained, according to Ullgren, by 
digesting basic mercuric sulphate ( mineral turpdhum) with sulphate of ammonium till 
the insoluble portion becomes white. 

Sulphate of tetramercurammonium is a white heavy powder, yellowish when dry ; 
when neated it turns brown and is resolved into water, nitrogen, a small quantity of 
ammonia, and mercurous sulphate, by sulphydric acid it is converttsd into mercuric 
sulphide and noutral sulphate of ammonium. It dissolves in hydrochloric and in 
nitric acid, very slightly in water. 

Some of the basic salts already described as produced by the decomposition of sul- 
phate of ammonium and dimercurammonium, may also be regarded as tetramercur- 
ammonium-salts (see p. 917). 


Mercurous Bases. 

Mercurosammonium. | N 2 . — The chloride of this base, (Hg ? )"H a N 2 Cl 2 , is the 

black substance formed when dry calomel is axposed to the action of ammonia-gas. 
When exposed to the air, it givos off ammoqia and leaves white mercurous chloride. 

Dimercurosammonium. | N 2 . — Th eptyoride, (Hg 2 )*H 4 N 2 Cl, is formed by digest- 

ing ealomel in aqueous ammonia, sal-ammoniac being formed at the same time : 

2Hg 2 Cl 2 + 4H S N = (Hg*) 2 H 4 N 2 Cl* + 2H 4 NC1. 
tt is grey when quite dry, and is not altered by boiling water. Kano, who analysed 
this compound, regarded it as mercurous a mido -chloride , Hg 2 Cl 2 .Hg 2 (NH 2 ) 2 . 

Nitrate qf Dimercurosammonium. (Hg 8 )"H 4 N 2 (N0 3 ) 2 .H 2 0. This, according to Kane, 
is the composition of the velvet-black precipitate, known as Hahnemann's solufdc 
mercury , which is produced on adding ammonia to a solution of mercurous nitrate. 
According to C. G. Mitscherlich, on the other hand, the precipitate thus formed 
has the composition 3Hg 2 0.N 2 0\2NH t , which is that of a nitrate of trimereuros- 
ammonium (Hg 2 ) , H*N 2 (N0 2 ) t . 
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A. dearer view of the composition and relations of the ammoniac&i mercurv- 
com pounds is afforded by the following method of classification, suggested by Mr, 
G. 0. Fostor, in which the greater number of these compounds aro represented as 

hydoramines (i. 197), that is t as bodies formed on the mixed type, Ihe 

rest as bydrochloraminos, ™ j , hydriodaminos, &c. This view of the composition 

of tho ammoniactil mercuric compounds is exhibited in the following table, in which 
the Greek letters plaood under the formulae correspond to those attached to the names 
of the compounds in the preceding pages (916-920) : 
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The neurons compound n»y be formnlnted in a .imilnr .nnnner,^ 
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mm mit MWMM, OROAWIC. (F r a d fe 1 8 n d f 1852], Add. Ch. Phann. 

Diinhaupt, Chem. Gaz. 1854, pp.263-292— Strecker, Compt. rend. 

xSix. 57.— Buckton, Ann. Ch, Pharm. cvm. 103 ; euc. 218 ; Chem. Soc. J. xvi. 17.- 
Frankiand andDuppa, ibid. xvii. 415.) . 

Mercury unites with alcohol-radicles of the senes, C n H 2n +* ) viz. methyl, ethyl, and 
amyl,— also with allyl C 8 H 5 ,— forming compounds into which it enters as a diatomic 
element These compounds may, in fact, be regarded as formed from inorganic mercuric 
compounds, such as the chloride, bromide, &c., by substitution of an alcohol-radicle for 
either the half or the whole of the chlorine, &c., : thus 

Mercuric chloride. Mercuric chlorethlde. Mercuric ethjde. 

__ „( Cl rr „ ( C 3 H A ' „ ,,IC 2 H 4 

Hg | C1 % jci H 8 jc*H a 

When both atoms of chlorine, &c., are completely replaced by an alcohol-radicle, the 
product is an indifferent compound (a neutral mercuric ether) incapable of unitid^ 
with acids or acid elements. But when only half of the chlorine, or other chlorous 
radicle is thus replaced, there results a saline compound, that is to say,, a substance 
which easily undergoes double decomposition, and in which the residue united with the 
chlorine (Hhg"C 2 lP for example}, plays the part of a monatomic radicle. 

The two kinds of compounds here considered, are in fact related to mercury, in the 
same manner as mercaptan and ethylic sulphide are related to sulphur, — mercuric ethide, 
for example, being the ethylic ether of mercuric chlorethide, just as sulphide of ethyl 
is the ethylic ether of mercaptan. 

Mercuric Mercuric 


Mercaptan. 

h i 3 


Ethylic sulphide. 


C 2 IP) 

C 2 HM 


S 


chlorethide. 

Cl Hg 


ethide. 


There is, however, this difference between the two classes of compounds, that in 
tiercuric chlorethide and its analogues, in which only 1 at. chlorine &c. is replaced by 
in alcohol radicle, the remaining chlorous atom is most easily replaced by another 
fhlorous radicle, whereas, in the corresponding sulphur-compounds, tho remaining 
hydrogen -atom, being basylous, is most easily replaced by metals or other basylous 
elements. 

If the mercury in these compounds be regarded as monatomic, those which contain 
only mercury and an aleohol-radiclo must be represented by formulae of the type 
HgOH 2 "* * ; and those which contain iodine, chlorine, &c. as compounds of these radicles 
with mercuric iodide, chloride, &c. ; e. g. HgC 2 IP, mercunthyl or hydrargtthyl ; IIg ? C 2 H'I 
or HgC 2 H a .HgI, iodide , or rather mercuriodide , of mer cur ethyl, &c. ; but the former mode 
of representation affords a much simpler and more satisfactory view of their relations. 

Formation of the. Alcoholic Mercury-omipounds. — These compounds may bo obtained 
by four different processes: — 1. By the action of mercury on the iodide of an alcohol- 
radicle, under the influence either of diffused daylight or of direct sunshine ; com- 
bination then takes place, and an iodo-mercuric compound is produced (Fran kland, 
S t rock or) : 

Ug" + OIF"* ’I - Hr' j j 


2. By the action of mercuric chloride on a zinc-compound of an alcohol -radicle, the 
product boing an organo mercuric compound, containing either 2 at. of the alcohol- 
radicle, or 1 at. alcohol-radicle and 1 at. chlorine, according as one or other of the 
reagents is in excess (Buck ton): 

Hg"CP + Zn'(OH" n+ ‘) 3 » Hg:'((>lP af ’) 2 + Zn'CP, 

2Hg"Cl» + = 2 CW'jci U °] + Zn"Cl a 

3. By the action of mercuric chloride on the organo -bismuth compounds containing 
3 at. of an alcohol -radicle ; thus bismntho-triethide (i. 596) treated with mercuric 
chloride yields bismutho-dichlorethide and mercuric chlorethide (Diinhaupt): 


#i(C 3 IP)’ + 2Hg"Cl 2 - I?i(C*lP)CP + 2Hg"(C*H 4 )Cl. 

4. By the action of sodium-amalgam on the iodides of the alcohol-radicles in presence 
of acetic ether (Frankland and D n p p a). The reaction is represented by the equation : 

20H ,B+, I + Na* + Hg" = Hg^OH*-* 1 )* + 2NaI. 

The acetic ether appears to take no part in the reaction, but remains in undiminished 
quantity at the end of the process. Nevertheless, the presence of this or a similar 
ether (viz. methylic acetate or ethylic formate) is essential to the success of the process, 
inasmuch as sodium -amalgam does no.t act on the alcoholic iodides when simply placed 
in contact or heated with them ; neither is the reaction induced by the presence of x 
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ethylic ether, but on adding a few drops of acetic ether, it takes place imme- 
diately. The proportion of sodium in the amalgam must be very small, not ex- 
ceeding 1 pt. to 500 of mercury. If a solid or semi-solid amalgam is used, the reaction 
proceeds in quite a different manner. 

This is by far the best mode of preparing the alcoholic mercury-compounds, yield- 
ing in a short ’time large Quantities of the methyl-, ethyl-, and amyl -compounds. 
Mercuric iodethide and iodomethide are obtained with tolerable facility by the 
first method above-mentioned ; but the corresponding amyl-compound was obtainod 
in this way only in quantities barely sufficient for its identification. On the other 
hand, to obtain mercuric ethido and methide by the second method, requires the previous 
preparation of very largo quantities of the corroa ponding ainc-compounde, and the pre- 
paration of mercuric amylide has never been attempted by a similar process, on account 
of 4he great difficulty of preparing zinc-amyl. (Fraukland and Duppa.) * 

The mercury-compounds containing 2 at. of an alcohol-radicle, are easily convortod, 
by the action of bromine, chlorine, or iodine, into compounds containing only 1 at. 


of an alcohol-radicle, e.g : 

Hg"(C*H 4 )* + Br 2 - Hg"(C*Il s )Hr + C’IPBr 

Mercuric ethide. Mercuric brom- Kihyllc 

ethide. bromide. 

A similar action is exerted by acids, e.g. by hydrobromic acid : 
Hg'(C 3 H 4 ) 2 + HBr = Hg"(C 3 U 4 )Br + 

Mercuric ethide. Mercuric brotn- KUitIIc 

ethide. hydride. 


With sulphuric acid, in like manner, the products aro mercuric sulphatethide, 
jig* J (gQ«y» and ethylic hydride. 

A precisely similar action is exerted by certain salts. When, for example, mercuric 
chloride acts upon mercuric othide, the latter givos up half its othyl for half the 
chlorine of the former, producing 2 at. mercuric chlorothido : 

Hg"(C 2 II 4 ) 3 + Hg"Cl a - 2Iig w (C*II*)Cl. 

On the other hand, the mercuric compounds containing only 1 at. of an alcohol- 
radicle are easily converted into others containing 2 at. of an alcohol -radicle : thus, 
mercuric iodethide and zinc-ethyl act upon one another in such a manner as to yield 
mercuric ethido and iodide of zinc : 

2Hg"(C 3 H # )I + Zn"(C 2 II 4 ) 3 - SJHg"(C*H a ) 3 + Zn' T. 

The mercury compounds containing 2 at. of an alcohol-radielo are converted into 
the corresponding zinc-compounds when hunted with excess of finely-granulated zinc 
(Frankland and Duppa, Chem. Soc. J. xvii. 20): 

Hg'XOH 30 *') 3 + Zn* = Zu”(OH 2, ‘ + ‘) 3 + ZnlTg. 


AUjrl -compound. 


Mercuric Iodallylide. Hg" .—When iodido of allyl is agitated with 

mercury, a yellow crystalline mass is formed, from which the mercuric iodallylide may 
be extracted by hot alcohol or ether. Tho alcoholic solution deposits it on coiling in 
silvery scales, which turn yellow when oxposod to light, especially on drying, It is 
sparingly soluble in cold alcohol, nearly insoluble in water. It sublimes at 100°, in 
white shining rhombic plates, melts at 135°, and solidifies on cooling to a jollow 
crystalline mass. If more quickly and strongly heated, it dwomposcs lor the most part, 
leaving a carbonaceous residue, ami giving off a yellow sublimate. 

The alcoholic solution is decomposed by nitrate of silver, the whole of tho iodine 
being separated as iodide of silver; oxide of silver likewise decomposes it, forming 
iodide of silver and a strongly alkaline solution which, on evaporation, yields il syrupy 
strongly alkaline mass, soluble in water, and forming salts with acids. ^ This product 

u probably mercuric allyl-hydrate, or hydrate of mercurally 1, Ug"j HO . (Zinin. 


Ann. Ch. Pharm. xcvi. 393.) ....... . , , , • , Th« 

Mercuric iodallylide is easily decomposed by hydnodic acid and by iodine. The 
following equations represent respectively tho action which takes place in each case : 

(1) . HgC’H‘1 + HI - HgP + C*H* 

(2) . HgC'H*! + II - HgP + C'H‘l. 

Berthelot’s process for preparing tritylene. by moans of iodide of allyl. mercury, and 
hydrochloric acid, depends on the first of these reactions. (Lmoemann, Ann. Ch. 
Pharm. cxxxiii. 133.) 
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Amyl-oompcoadf. 

Mercuric Amylide. Hg" ^ !* — This compound is obtained by the action of 

sodium-amalgam on iodide of amyl, in presence of acetic ether. 5 pts. by weight of 
amylic iodide, and 1 pt. acetic ether are agitated with sodium-amalgam in a vessel 
externally cooled ; the product is distilled over a water-bath to separate the acetic 
ether, and a current of steam then passed into the retort until about half the heavy 
liquid has distilled over. The residual liquid, after washing with water and drying 
over chloride of calcium, consists of pure mercuric amylide. 

This compound is a colourless, transparent, mobile liquid, of specific gravity 1*6663 
at 0°. It has a very faint amylic odour, and leaves a persistent taste upon the palate, 
resembling that produced by other organo-mercurial compounds. It cannot be dis- 
tilled, even in vacuo, without partial decomposition. It can bear a temperature of 
140°, but long before its boiling point is reached, mercury separates from it in con- 
siderable quantity. It may, however, be distilled with water without decomposition. 
It is insoluble in water , and very slightly soluble in alcohol , but dissolves readily in 
ether. Exposed to the air it suffers no oxidation, but when allowed to fall into 
chlorine , it immediately produces dense white fumes of mercuric chloro-amylide. 
Brought into contact with solid iodine , it hisses like red-hot iron immersed in water 
The reaction with brqpiine is still more violent. (Erankland and Duppa.) 

( C 6 H U 

Mercuric Chlor amylide, Hg"< ^ , is readily obtained by treating mer- 
curic amylido with alcoholic solution of mercuric chloride in excess. It closely re- 
sembles the iod-amylide ( vid . inf.) in its properties, is insoluble in water, but very 
freely soluble in hot alcohol and ether. From its alcoholic solution it crystallises in 
beautiful hair-like needles, which can be sublimed at a gontlo heat without decompo- 
sition. It melts at 80°, and has the appearance of a heavy oil, perfectly limpid and 
colourless. It retains any excess of corrosive sublimate with the greatest obstinacy, 
repeated washings with alcohol and water not being sufficient to remove it. It may, 
however, be purified by dissolving it repeatedly in alcohol and reprecipitating with 
water. (Frankland and Duppa.) 

f ntirii 

Mercuric Iodamylide. Hg" j j . — An ethereal solution of mercuric amylide, 

treated first with alcoholic solution of iodine, and then with solid iodine, nearly 
solidifies to a crystalline mass of mercuric iod-amylide, iodide of amyl being at the 
same time produced : 

Hrf-jgg". + I' = IV jT + OH"I. 

On washing the crude product with weak alcohol, pressing between folds of blotting 
paper, and recrystallising from hot alcohol, mercuric iod-amylide is deposited in small 
pearly scales, which are not very soluble iu alcohol, but freely soluble in ether. If a 
few drops of alcoholic potash are added to a boiling saturated alcoholic solution of 
these crystals, and the liquid left to cool, no crystals appear for some time; but 
ultimately large pearly plates are deposited, which have the same composition as tho 
small scaly crystals above mentioned, and reproduce them when washed with water 
and redissolved in alcohol. Mercuric iod-amylide is slightly soluble in boiling water, 
and separates therefrom on cooling in minute crystals which appear as an opalescent 
cloud in the liquid. It melts at 122°, and on cooling solidifies to a white crystalline 
mass, having the appearance of stearin ; at 140° it begins to turn yellow from forma- 
tion of mercurous iodide. In a moderately-heated current of air, it may be sublimed 
without change. It is but partially decomposed by alcoholic potash. Heated with 
zinc to 130° in a sealed tube it yields zinc-amyl and zinc-amalgam. (Frankland 
and Duppa.) 

Bthyl-eompounds. 


Strecker, by acting on iodide of ethyl with mercury, obtained the compound 
Hg'^HH, originally designated as iodide of mercurethyl , or iodide of hydrargtthyl, 
but now called mercuric iodetkide. Dunhaupt obtained the corresponding chlorine- 
and brt)mine-com pounds, by decomposing bismut ho-triethide with mercuric chloride 
or bromide, and prepared therefrom several of the other salts. Buckton obtained mer- 
curic ethide Hg"(C*H 4 )*, by the action of zinc-ethyl on mercuric iodothide or on 
mercuric chloride (pp. 921, 922); and lastly Fran kland and Duppa have shown 
that this compound may be more easily obtained by the action of sodium -amalgam on 
iodide of ethyl, in presence of acetic ether. 

Mercuric Sromethide , . Hg**(C a H s )Br. — Obtained by the action of mercuric 

bromide on bismutho-triethide, or by treating more uric hydro-ethide with hydrobromic 
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Mid. or an alcoholic solution of the hydro-ethide with alcoholic bromine. It rcoemblra 
the chlorethide. (D ii n h a u p t. ) 

Mercu ric Car bonet hide. Carbonate of mcrcurtthyl . — Prepared by decomposing 
the chlorethide with carbonate of silver at a gentle heat. It crystallises with difficulty 
and is easily decomposed by heat. Acids decompose it, with evolution of carbonic 
anhydride. (Diinhaupt.) 

Mercuric Chlorethide. Hg H (C*H 5 )Cl. — Obtained by the action of mercuric 
chloride on bismutho-triethide(D iinhaupt); by precipitating the aqueous solution of the 
nitrethide with chloride of sodium (Strecker); and by treating mercuric ethide with 
alcoholic solution of mercuric chloride in excess (Frankland and Duppa). It. it 
nearly insoluble in water, dissolves sparingly in ether , and in cold alcohol, but freely 
in boiling alcohol, and crystallises therefrom in light iridescent lnmime, having a silvery 
lufttre. When heated to 40° it sublimes in thin laminae, without, previous Vision, but ' 
at 100° it melts to a clear oily liquid, and then evaporates completely. Heated on 
platinum- foil it burns with a faint flame, diffusing a very unpleasant odour. (Diin- 
haupt.) 

Mercuric Cyanethide. Hg'XCHI^Cy. — Formed by saturating an alcoholic 
solution of mercuric hydrethide with strong hydrocyanic acid. Crystallises readily. 
Very volatile ; when heated in a tube, it emits a vapour which has an extremely 
repulsive odour, attacks the respiratory organs strongly, and appears to bo highly 
poisonous ; a carbonaceous residue is left in the tube. The cyanide dissolves readily in 
alcohol and ether. (Diinhaupt.) 


Mercuric Ethide. Hg"(C 2 H*l 2 .— This compound is prepared: — l. By the 
action of zinc-ethyl on mercuric ioaothide. Dry pulverised mercuric iodethide is 
added by small quantities to zinc-ethyl contained in a retort, through which a stre am 
of coal-gas is passing, the mixture being incorporated by stirring, and, as soon as tho 
zinc-ethyl is saturated — which may be known by tho stirring rod ceasing to fume on 
exposure to the air — the product is distilled till nothing but gam-s pass over. The dist il- 
late, which is a heavy liquid, mixed with a little ether, is then redistilled with a slight, 
excess of zinc-ethyl, to ensure complete decomposition of the iodothide, then washed with 
hydrochloric acid, and afterwards with water, and rectified (Buck ton). — 2. By heating 
zinc-ethyl with mercuric chloride, avoiding an excess of the latter, oa otherwise mer- 
curic chlorethide will be formed: the slight excess of zinc-ethyl is decomposed by 
water, and the separated oxide of zinc dissolved out by diluto hydrochloric acid. 
(Buckton.) . 

3. A mixture of 16 pts. by weight of iodide of ethyl and 1 pt. of acetic other is 
poured upon sodium-amalgam, the fla.sk being alternately agitated to promote the 
reaction, and plunged into cold water to moderate the rise of temperature. The com- 
pletion of the reaction is known by the subsidence of the temperature, and the absence 
of more than traces of precipitated iodine, when a few drops of the clear liquid re- 
maining in the flask are boded with nitric acid. When the quantity of iodide of 
sodium formed has been increased so far as to render the ethereal liquid nasty, thereby 
preventing a sufficiently intimate contact with the Amalgam, it is advisable to place tho 
flask in a water- bath, and distil off the more volatile portion of tho contents, fo b© 
again acted on by fresh amalgam.* If this distillation be deferred till the residue has 
become decidedly thick and pasty, it will not be necessary to repeat if, as the distillate 
will remain sufficiently fluid up to the termination of the reaction. The product mixed 
with water separates into two layers, the ethereal liquid either floating or funking in 
the aqueous solution of iodide of sodium, according to the degree of concentration or 
the latter. It is then successively treated with alcoholic potash, washed with water, 

dried over chloride of calcium, and rectified. (Frankland ami Duppa.) 

4. Buckton likewise obtained mercuric et hide by the action of cyanide of potassium 

on the iodethide : . 1 

2Hg(C*H*)I + 2KCy - Hg(C*H*)* + Hg + Cy* + 2KI ; 
but this mode of preparation is not advantageous, being attended with considerable 
loss. 



Boiling point — . ^ « 9 4 

de ^QriTethide 9 bur^ *ith Twnoky flamr, giving off » large quantity of mere.ri.1 
▼raur When poured into chlorine gas. it. burst* into flame and is almost entirely 
It acts violently also with iodine or bromine , forming mercuric iodethide or 
bromethide jifrtw action L conducted under water, ethyl, or it* product* of decom- 

nreparstlouof mercuric emjlWe <p. W). DOt '* Ct9W 7' » 

£ufni»u«rk»t fluidity to *How the art* on complete 


• In the . 

I he liquid rettl 
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position are eliminated : but if the liquid is kept cool by a freezing mixture, the nascent 
ethyl unites with the bromine : ‘ 

Hg(C 3 H A )* + Br 3 - HgC 3 H 4 Br + C 2 H 8 Br. 

With excess of alcoholic mercuric chloride, it yields mercuric chlorethide (p. 923). 
With hydrochloric or sulphuric acid, it yields hydride of ethyl and mercuric clilor-. 
ethide or sulphatethide : 

2Hg(C*H*)* + IPSO* . 2(C , H\H) + 


Sodium slowly decomposes mercuric ethyl, forming a bulky grey spongy mass, which 
is very liable to explode from slight causes, and instantly takes fire on coming in con- 
tact. with the air. On applying a gentle heat, a violent evolution of gas takes place, 
jjpconsisting of ethyl and hydride of ethyl, sodium-ethyl being probably formed in dhe 
first instance, and then decomposed by the heat. (Buckton.) 

Heated with excess of finely granulated zinc to 100° in a sealed tube, it yields zinc- 
ethyl and zinc-amalgam. Heated with bismuth , it yields in like manner bismuth- 
ethyl, but the decomposition is not complete. Cadmium heaetd with mercuric 
ethide to 100°-130°, becomes amalgamated, and forms a considerable quantity of 
cadmium-ethyl. Gold likewise become amalgamated, but fornjs no trace of an organo- 
metallic compound. Mercuric ethide is likewise decomposed when heated to about 
160°, with copper , iron , or silver , the copner becoming slightly amalgamated, and 
inflammable gas being given off ; but the decomposition appears to be due to the 
heat alone, independently of any specific action of the metal. No organo-metallic 
compound is formed in either case. (Fran kland and Hupp a.) 

Mercuric Ethyl-hydrate. Hydrate of Mercur ethyl. — Obtained by 

decomposing a boiling alcoholic solution of t^e chlorethide with oxide of silver, then 
filtering, distilling off the alcohol, and evaporating in vacuo. It then remains sis a 
colourless oil, which is strongly alkaline and blisters the skin. It decomposes 
ammonium-salts , but not the salts of potassium or magnesium, and forms precipitates 
with the salts of aluminium, zinc , tin, copper , gold, and platinum. With a largo excess 
of sidphydric acid, it forms a white precipitate which after awhile turnsyellow, brown, and 
black. With metallic zinc it forms zinc-ethyl, and amalgam of zinc. It dissolves in acids , 
forming crystalli sable salts, viz. mercuric chlorethide, nitrethide, &c. 

Mercuric lodcthide . Hg"(C 3 H 5 )I. — This compound is obtained by the reactions 

abovo-mentioned (pp. 921, 922), or by mixing an alcoholic solution of the ethyl-hydrate 
with a slight excess of alcoholic iodine. It is insoluble in water , but soluble in boiling 
alchohol and ether , and separates on cooling in white shining laminae. It dissolves 
also without decomposition in caustic ammonia and potash. It sublimes at 100° 
without decomposition, but requires a much stronger hoat to melt it. It is decom- 
posed by direct sunshine : henco in preparing it by the action of mercury on iodide 
of ethyl, the vessel must be -exposed only to diffused daylight (Diinhaupt, 
Str ecker.) 

Mercuric Nitrethide. Hg"j Nitrate of Mercurethyl. — Nitrate of 

silver added to a solution of the iodethide, forms a precipitate of iodide of silver, 
and a solution of mercuric nitrethide, which yields colourless prisms by evaporation. 
(Strecker.) 


Mercuric Phosphatethide, or Phosphate fif Mercurethyl , is obtained by treating 
the chlorethide with phosphate of silver. Ibis very soluble m water, and remains on 
evaporation as a viscid diaphanous mass. (iMjnhaupt) 

Mercuric Sulphatethide . Hg 2 j [go?*" . Sulphate of Mercurethyl. — Pre- 


pared by decomposing the chlorethide with sulphate of silver. Crystallises from 
alcohol in shining laminae. 

* ((C 3 H S )* 

Mercuric Sulphethide. Hg*j g This compound separates as a 


yellowish- white pulverulent precipitate on adding sulphide of ammonium to an 
alcoholic solution fif the chlorethide. It is very soluble in alcohol , ether, and sulphide 
qf ammonium, and separates from the ethereal solution in the crystalline state, but 
always mixed with sulphide of mercury. The alcoholic solution is also decomposed 
by evaporation, depositing sulphide of mercury. * 


Methyl-compounds. 

Mercuric lodomet hide. Hg*(CH*)I. — This compound was discovered by 

Frankland (Ann Ch. Pharm. lxxxv. 380), who obtained it originally by the action 
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of mewmiy on iodide of methyl in sunshine. In about a week, the liquid solidifies into 
n colourless crystalline mass, and by treating this mass with ether, the mercuric 
iodethide is dissolved, and may thus be separated from the remaining metallic mercury 
and the small quantity of iodide of mercury formed at the same time. Very little 
gas is given off during the reaction. Mercuric iodomethide is, however, rooro easily 
obtained by the action of iodine on an alcoholic solution of mercuric methide. 

Mercuric iodomethide is a white solid body, insoluble in water, but dissolving pretty 
readily in common alcohol , more easily in nuthylic alcohol and very easily in ether ana 
in iodide of methyl. By spontaneous evaporation of either of these solutions, the 
iodide is obtained in small, nacreous, crystalline laminae. At ordinary temperatures, it 
is slightly volatile, emitting a peculiar and unpleasant odour ; the vapour when inh&lM 
leaves a nauseous taste on the palate which lasts for several dura At 100°, the 
isdide is much more volatile, the crystals disappearing completely when exposed fco^| 
current of air at that temperature. At 143°, it melts ana sublimes without decom- 
position, condensing in extremely thin, shining, crystalline lamina*. 

Mercuric Methide. Hg" (CII*)*. Mercuronuthyl . Hydrargomethyl . Dis- 
covered by Buckton (Proc. Roy. Soc. ix. 91), who obtained it by distilling 
mercuric iodomethide with cyanido of potassium, hydrate of potassium, or lime. Tho 
best product is obtained with the cyanido. A mixture of this salt with mercuric 
iodomethide, after being well triturated in a mortar, is distilled by small portions over 
a lamp. Gaseous products are then evolved ; iodide of potassium is formed ; cyanogen 
is set free and remains in the form of paracyanogen ; and mercuric methide passes 
over in the form of a heavy liquid, which may l>e purified by washing with water and 
rectification over chloride of calcium. The essential part of the reaction is represented 
by the equation : 

2Hg(CH*)I «.*f 2KCy - Hg(OH»)* + 2KI + Hg + <^'* 

Frankland and Duppa prepare raereurfc methide by the action of sodium-amalgam on 
iodide of methyl, in presence of acetic ether. The mode of preparation is exact ly the 
game as that already described (p. 925) for the preparation of mercuric eth.de, a 
small Liebig’s condenser being, however, attached to tho neck of the flask, to arrest 
the vapour of iodide of methyl, which would otherwise be earned away by the escaping 
rms At tho end of the operation, tho residues in the flasks are mixed with water 
and distilled in an oil-bath, tho temperature of which need not bo raised aboio 
110°, and the ethereal distillate, after separation from the water which accompanies it, 
is agitated with alcoholic potash to remove acetic ether, and finally purified by 

"“Mercuri^mlthidc is a colourless, strongly refrHeting liquid, having a fmnt ami 
somewhat mawkish taste. Specific gravity 3-069. Boiling point between 93 and 96 . 
VaZr denary, obs. - 8 29 ; calc* - 7 ’97. It is insoluble in very soluble 

in 'alcohol and m ether, dissolves phosphor* s, caoutchouc. , and resins easily, sulphur in 

8m MeS methide is very infb, mumble and burns with a bright 

vattour of mercury It docs not unite directly with oxygen, chlorine, or otlur electro 

negative dement^ but is completely decomposed by them. Mine and 

upon iT very* energetically, eliminating metkjrl-gM »n,l *•"»'»* mon:unc; .odo-, or 

bromo-methide : 

2Hg(CH*)* + V - 2HgCIPl + (Oil*)*. 

It also forms mercuric iodomethide when hoatod with mercuric Mule. 

! chloride it forms a crystalline 

water, with formation of mercuric chloronietlmle ami a soluble tin-sa - . 

sulphuric or hydrochloric acid, it acts like mercuric othido (p. 925), M K dilute 
easand forming crystals of mercuric chlorometli.de or sulpUtomethi. e With dM 
^dslndZJu/cinc, it yields metallic mercury and - “ft 

vt pp”). With trichloride of phosphorus i 1 forms mercuric chloromc u «. 

Mercuric Xitromcthide. Nitrate of Hydrargomethyl. -Obumod 

by treating on alcoholic solution of ' 'n^orr-fo ! u o' l i ! , containing 

2 hT(SoMPOv^' SJtotow*?. sparingly in alcohol M 100J it melUto 
a^oUmrie<w liquid kic'Z solidifies ina 

xrsjres: ^ <*. 

arii. 79.) 
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Mercuric Oxymethide , or Oxide of Hydrargomethyl , is produced by the action of 
ammonia or the fixed alkalis on mercuric iodomethide. It is dissolved by an excess 
of either of these reagents, and the solutions yield with sulphide of ammonium a 
flocculent precipitate of the corresponding sulphide, having a faint yellowish colour, 
and a peculiar and most intolerable odour. (Frankland.) 

MBBOXENB. Syn. with Biotite. (See Mica.) 

NS8ACONXC ACID. C 5 H 8 0\ Citracartic acid (Gottlieb, Ann. Ch. Bharm. 
Ixxvii. 268; Pebal, ibid, lxxviii. 129; Baup, ibid. Ixxxi. 96). — An acid obtained by 
boiling a weak solution of citraconic acid for half an hour with about the sixth of its 
volume of nitric acid. The reaction takes place quietly, and on cooling the acid is 
deposited in a porcelain-like mass. A certain quantity of a nitro-compound is pro- 
duced at the same time, from which the acid may be purified by treatment with animal 
charcoal. • 

Mesaconic acid forms a mass of fine lustrous needles, difficultly soluble in cold, but 
readily so in hot water , and also in alcohol and in ether . It melts at 200° to a clear 
liquid, which solidifies to a crystalline mass. It reddens litmus and decomposes car- 
bonates. Heated with concentrated hydriodic acid to 140° — 160°, it separates iodine 
and forms pyrotartaric acid; it is also converted into this acid b y sodium-amalgam. 
With bt'omine , at 60° — 80°, it forms mesodibromo-pyrotartaric acid, C 5 H 6 Br 2 Q' 1 . 
(Kekul6, Ann. Ch. Pharm. Suppl. ii. 85.) 

Mesaconic acid is dibasic, its salts having the formulae C J H 4 M 2 0 4 and C 4 H 5 M0 4 . They 
are almost all crystalli sable. 

The neutral barium-salt, C 5 H 4 Bh" 0'.4H 2 0, is obtained by saturating the acid with 
carbonate of barium. It forms monocJinic prisms, which are unalterable in the air, 
and give off the groater part of thoir water of crystallisation at 100°. The acid 
barium-salt , C l0 Ll 10 Ba"O s .2II 2 O, forms hexagonal plates of a pearly lustre, which 
persistently retain an excess of acid, from which they aro freed with difficulty. Tho 
neutral calcium-salt , C fi H'Ca"0‘.H 2 0 ) forms small agglomerated needles soluble in 16 
pts. of water. Tho neutral silver-salt is a crystalline precipitate, difficultly soluble in 
water. The acid silver-salt , CMHAgO 4 , is obtained in needles by dissolving the 
neutral salt in solution of mesaconic acid and evaporating. E. A. 

MSSACOinc £THES. C fi H M 0 4 = CTI^C 2 !! 5 )^ 4 . Obtained by distilling 

a mixture of mesaconic acid, sulphuric acid, and alcohol. It is a colourless mobilo 
liquid, with an agreeable fruity odour and bitter taste. Its density is 1 043, and it 
distils at 220° without alteration. It is not attacked by ammonia. Boiled with 
baryta-water it yields alcohol and mosaconate of barium. E. A. 

MEBITB. An oxygenated oil, very mobile, boiling above 70°, and soluble in 3 pts. 
of water, said to be obtained by distilling lignone with sulphuric acid. (Wiedemann 
and Sch woizor.) 

ME8ZTBNE. Another very mobile oil, boiling at 63°, and soluble in 3 pts. of 
water, obtained in like manner. 

1MESSXT1C ALCOHOL. A name given to acetone, on the supposition that it is 
an alcohol containing the radicle mesityl , C 9 H 5 , isomeric with allyb 

MESITIC AL9BHTOE. C 8 H 4 0. A body isomeric with acrolein, produced, 
together with trinitromesitylene, by heating acetone with half its bulk of strong nitric - 
acid. The action is extremely violent, so that it is necessary to cool the vessel as soon 
as effervesconco begins, then heat it again and repeat this treatment several times. 
When the action is completed, an oil separates, insisting of mesitic aldehyde mixed 
with trinitromesitylene. * 

Mesitic aldehyde is lighter than water, has a«weet pungent odour, is very slightly 
soluble in water, but dissolves instantly in caustic potash, yielding a yellowish -brown 
liquid. It absorbs ammonia gas with ^reat avidity, forming a brown resinous mass, 
which dissolves in water, the solution yielding by spontaneous evaporation crystals of 
mesitic aldehyde-ammonia. Nitrate of silver added to the solution of these crystals, 
forms a yellow precipitate, which blackens when heated ; the reduction is accelerated 
by the addition of a few drops of potash. (Kane, Pogg. Ann. xli. 491.) 

MS8XTXC CHLORAL. Syn. with Dichloracetone. (See Acbtonb, i. 30.) 

MSSXTXC ETHER. Syn. with Oxide of Mesityl. (See Mbsityi..) 

MESITIN-SPAR, (Mg;Fe)"CO*. Breunnerite, Pistomesite , — This mineral 
occurs in rhombohodral crystals isomorphous with spathic iron ore and magnesite. 
R : R =» 107° 221; oR ; H «■ 136° 52'. Length of principal axis «» 0*81135. 
Observed planes, R, — J R. Cleavage rhombohedral, perfect. Crystals often 
imbedded. Also massive, granular, and fibrous. Hardness - 4 to 4 5. Spe- 
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jnftc gravity = 3 to 3*63 Colourless whitish, yellowish, and often brown on exposure. 
Transparent to subtransiucent, Brittle. The mineral may be regarded a a a mixture 
ot the isomoiphous carbonates MmgCO* and FfeCO*, the proportion of the former 
varying from 897 to 427 per cent., and that of the latter from 51 to 577 per cent. 
Some specimens also contain small quantities of calcium and manganese. Meaitin- 
spar occurs in chlorite slate at St. Gothard ; also in the Zillerthal ; at Hall, and else- 
where m the Tyrol, and at Traversclla in Piedmont. The specios includes much of 
the so-called Oroten spar. (Dana, ii. 443.) 

MB81TY1, A hypothetical monatomic radicle, (supposed by Kane to exist in 
acetone (regarded as ^ ^ | O), and in certain products obtained from it. 


Chloride of Mesityl , C*H 4 C1, is produced by passing hydrochloric Acid into 
ucetone, which absorbs it in large quantity ; or better by adding 2 pta. of penU- 
chlorido of phosphorus, by small portions, to 1 pt. of acetone, properly cooled, then 
adding water, which separates the chloride of mesityl in the form of nn oily liquid 
heavier than water. It is resolved by heat into hydrochloric acid and mesitylene 
Alcoholic potash converts it into oxide of mesityl. (Kane, Fogg, Ann. xliv. 470). 

Hydrate of Mesityl. C Syn. with Acetone. 

Iodide of Mesityl. Oily liquid insoluble in water, obtained by distilling 
acetone with iodine aud phosphorus. It has not been analysed, (Kane.) 

Oxide of M csityl or Mcsit tc ether. (C*H 4 )^0. — Produced : 1. By the action 
of alcoholic potash in excess on chloride of mesityl. — 2. Together with many other 
products, by the action of strong sulphuric acid on acetone (Kane). — 3. By the action 
of lime on acetone. Acetone left for several weeks in contact with quicklime, and then 
subjected to fractional distillation, yields, between 100° and 250°, a mixture of oxide 
of mesityl, boiling at about 129°, and phorone, O*II M 0, boiling at 290°, which may 
easily be separated by rectification. (Fit tig, Ann. Oh. Pliarm. cx. 23.) 

Pure oxide of mesityl is a colourless oil, smelling Iiko peppermint. Specific gravity 
0 818 at. 23°. Boiling point (corrected) 131°. Vapour-density, ol*. **3*67 ; calc. 3 39 
(F i ttig). It burns with a very bright, flame (K an ok It is insoluble in water, mixes, 
in all proportions with alcohol and ether ; is converted by nitric acid into a brown resi- 
nous masR, and by chorine into a heavy oil, which appears to have the composition 
V*l 1»C1 2 0. (Fit tig.) 

Mcsityl-hypophospkorouti acid. — An acid contained, arenrdingto Kane, in the 
syrupy residue obtained by distilling acetone with iodine and phosphorus. This residua 
solidifies, on cooling, to an amaranthine mass, and yields, by saturation with carbonate of 
barium, a salt containg 20 0 per c« , nt, carbon, 3 8 hydrogen, and 43 8 baryta, wheneo 
Kane deduces the formula PBaO.CMFO (calc. 20 7 carbon, 3 45 hydrogen, and 44*02 
baryta). 

Mesityl- phosphoric acid. — An acid produced by treating acetone with phos- 
phoric acid. The resulting liquid neutralised with Iuihcm, yields soluble salts. The 
sodium-salt forms small rhomboidal lamina*, which, when exposed to the air, become 
opaque, and give off part of their water. When heated, they melt iti their wator of 
crystallisation, and ultimately leave a while mass, which, at a higher temperature, 
swells, blackens, and burns, leaving phosphate of sodium. The salt was found to con- 
tain 48*8per cent, sodic phosphate, and 29*0 water, agreeing approximately with the 
formula PNa0 4 .C $ H*0 §H ? 0 ( which r<*quircs 49 9 sodic phosphate, and 28*21 water. 
(Kane.) 

Mesitylo- sulphuric acids. — K ane found, among the products of the action of 
sulphuric acid upon acetone, two acids analogous in composition to ethyl-sulphuric arid. 

1. When acetone is mixed with twice its volume of strong sulphuric acid, the liquid 

becomes veiy hot, assumes a dark brown colour, and gives off a large quantity of sul- 
phurous anhydride ; and if it be mixed after cooling with 2 or 3 volumes of water and 
neutralised with chalk, a deliquescent mass is obtained, in which small prisms may be 
distinguished, yielding, according to Kane’s analysis, 70*5 per cent, calcic sulphate, 
18*5 carbon, 3*3 hydrogen, and 7 9 oxygen, numbers which Kane represent* by tho 
formula C’H^O.CaSO 4 . . . , 4 - 

2. By treating 2 vol. acetone with 1 vol. sulphuric acid, and diluting with water when 
cold, line obtained another acid, tho calcium-salt of which was found to contain 237 
per cent, lime, 30*8 carbon, and 4*4 hydrogen, aud may be represented, according to 
Kane, by the formula 2C*H i O.CaSO\ 

Oerhardt made several attempts to obtain these acids by the processes Above de- 
scribed. but did not obt.iin a trace of either of them ; he considers it probable that tjio 
only acid produced by the action of oil of vitriol on acetone is methyl-sulphuric arid, 

( Traite, i. 704.\ 
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MSBITTXAirB or MCBSZTTLOIh C 9 H‘* (Kane, Pogg. Ann. xl. iv. 474.— 
Hofmann, Chem. Soc. J. ii. 104. — Cahours, Compt. rend. xxiv. 2 56; Chem. Soc. J. 
ill. xvii.) — A hydrocarbon, isomeric with cumene, produced by the action of sulphuric 
acid upon acetone. To prepare it, 2 vol. acetone are distilled with 1 vol. strong sul- 
phuric add, the heat being carefully regulated. Two layers of liquid then collect in 
the receiver, the upper consisting of very impure mesitylene, and the lower containing 
sulphurous and acetic adds, resulting from a secondary decomposition. The upper 
layer is rectified, first over the water-bath to separate undecomposed acetone, and then 
over the naked fire. But the product thus obtained does not exhibit a constant boiling 
point, and requires to be purified by numerous rectifications (Hofmann), and final 
distillation over phosphoric acid. (Cahours.) 

Mesitylene is a very light, colourless substance, having a slight alliaceous odour. 
It boils between 165° and 160° (Hofmann), between 162° and 164° (Cahours). 
Vapour-density, obs. «= 4*345 to 4*282 (Cahours) ; calc. *» 4*160. 

Mesitylene bums with a bright, but very smoky flame. It dissolves iodine , forming 
a dark brown liquid which is not altered by exposure to sunshine. With brwnine and 
chlorine, it forms crystalline substitution-products. Boiling nitric acid converts it into 
mesitic aldehyde (Kane). A mixture of fuming nitric and fuming sulphuric acids 
converts it immediately, and without rise of temperature, into trinitromeBitylene 
(Cahours). It is likewise decomposed by strong sulphuric acid, but not by aqueous 
albilis (Kane). Fuming sulphuric acid converts it into mesitylene -sulphuric 
acid C # H l2 SO , < (Cahours.) 


Derivatives of Mesitylene, 

Trlbromomesltylene. C*Il B Br\ — When bromino is added drop by drop to mesi- 
tylene, waiting each time till the heat evolved has subsided, and taking care to keop 
the mesitylene in excess, a white crystalline compound is formed, which may be freed 
from hydrobromic acid by washing with water, in which it is perfectly insoluble. Two 
or three crystallisations from boiling alcohol render it absolutely pure. It forms white 
needles, which volatilise without decomposition, and arc not changed by boiling with 
potash or ammonia. (Hofmann.) 

Xrlcliloromealtylene. C B H 9 C1 8 .— To prepare this compound, chlorine gas is 

S assed through mesitylene till the liquid solidifies in an acicular mass, which is thon 
issolved in hot ether and crystallised by cooling, the undecomposed mesitylene re- 
maining in the mother-liquid. The product is purified by recrystallisation, and the 
crystals dried between paper, but not in contact with the air. 

It forms white, shining, four-sided prisms, resembling sulphate of quinine, volatilis- 
ing only at a strong heat, but without decomposition. They may also be sublimed 
without alteration in dry ammoniacal gas, and are not decomposed by alcoholic potash. 
(Kane.) 

STltromeaitylene. C*H ,, NO a . — Formed by treating mesitylene with fuming nitric 
acid, not in excess, and carefully cooling the mixture during the action. This com- 
pound, when treated with an alcoholic solution'of potash, becomes heated and evolves two 
products on distillation. One of these is a liquid, which is produced in very small 
quantity only, and exhibits the properties of an alkaloid ; the other, which is solid, 
dissolves very readily in alcohol, and separates from it by spontaneous evaporation 
in very fine tabular crystals ; it is isomenc with nitromeBitylene. (Cahours.) 

Dinltromesltylene. C°II ,0 (NO 2 ) 2 . — Obtained^ by boiling mesitylene with mode- 
rately strong nitric acid. After a few distillations, the whole of the mesitylene is con- 
verted into a crystalline compound, which may J>e purified by washing with water and 
recrystallisation from alcohol With dilute nitric "acid a less definite result is obtained, 
the mesitylene being converted, after repeated* distillation, 'into a yellow oil, which 
shows a tendency to crystallise, but appears to be a mixture, ' 

This compound crystallises in fine needles, often several inches long, and in appear- 
ance resembling those of trinitromesitylene (vid, inf.). It volatilises without decom- 
position, and dissolves with great facility in alcohoL (Hofmann.) 

mtromeaidine. C 9 H* 2 N*0 3 - C*H»(NO*)N. (Maule, Chem. Soc. Qu. J. ii. 
116.)— A base obtained by the action of sulphydric acid on dinitromesitylene : 
C*H”N*0« + SH*S - C*H ,2 N*0* + 2H*0 + S* 

When an alcoholic solution of dinitromesitylone is submitted to the action of sulph- 
ydric acid, the liquid assumes a dark colour and deposits" gradually a large quantity 
of sulphur, the odour of the sulphydric acid being at the Mine time destroyed. This 
treatment is continued for several days, till the sulphydric 'acid is no longer decom- 
posed. On the addition of hydrochloric acid, sulphur is again precipitated, and on 
separating this by filtration, a clear liquid is obtained, which when mixed with potash 
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a bright yellow colour. One or two crystallisations from alcohol now suffice to render 
it absolutely pure. 

Nitromesidine forms long needle-shaped crystals of a golden yellow colour. It melts 
below 100°, and solidifies on cooling in a mass of radiated needles ; volatilises without 
decomposition at 100°, giving off a vapour which bums with a bluish flame; dis- 
solves very readily in alcohol and ether , and sparingly in water, to which it imparts a 
.faint yellow colour. The solutions have an unpleasant bitter taste, and are neutral to 
test paper. 

Bromine acts violently on nitromesidine, forming a dark oily liquid. An alcoholic 
solution of nitromesidine yields with chlorine , a pinkish solid substance soluble in 
boiling ether. 

Nitromesidine dissolves readily in acids, forming crystalline salts, which however 
are very unstable, all those yet obtained, excepting the phosphate und the platinum-salt, 
being decomposed by mere contact with water. They are soluble in alcohol, aud their 
solutions have an acid reaction. 

Tho hydrochlorate , C“H ,a N ’0-.HCl, forms colourless needles. 

Tho chloroplatinate , 2(C , H ,, N*0*.HCl).Pt01\ is prccipitatodin yellow crystals on 
mixing a hot solution of platinic chloride in ox cosh, with a saturated solution of hydro- 
chlorato of nitromosidino. . . ■ 

The nitrate is very unstable, bring docomposrd, with evolution of red nitrous fumes, 
when its aqueous solution is evaporated down to a certain point. 

The phosphate , 3C 9 11 IV N O-.l’H ’O 1 , crystalliHeH in orange-coloured lanuntc. When 
nifromesidine is dissolved in a wry large excess of phosphoric acid, an acid salt u 
obtained, apparently containing only 1 at. nitromesidine. 

The sulphate forms small silky crystals. 

Trinitromesitylene. C*H*(NO») B .— Obtained by treating mewitylone with • 
mixture of fuming nitric and sulphuric acids, its formation taking place immediately, 
and without rise of temperature. It is crystalline, ami sublimes at a gentle heat in 
dazzling white m-edlo«. It is very zlightly aoh.bb- it. Ix>. mg ahM ...id '<Aer but 
dissolves easily in aettunr. It is very slowly acted on by sulphydnc and, only ft 
small quantity of an alkaline body being formed after the lapse of severnl week*. 
(Cahours.) 

MESXTTLfiirE-SUlPHtmXC ACID. Sulphomesitylic and. C“II ,a SO , .--This 

acid is easily formed by dissolving mesitylcne in fuming sulphuric acid, the brown 
liauid when exposed to the air, gradually solidifying fo il cn^talliuc mass. When 
saturated with carbonate of lead, it forms the lead-salt C II 'PlSSO .very soluble in 
water and in alcohol, and crystallising in needles when its aqueous solution is left to 
evaporate. The sii ear-salt is also crystallisable, very solnble in water and in alcohol, 
and blackens quickly when exposed to light . (C a li o u r s. ) 

MBBOIE. Farolit* . — A zcolitic mineral related to mitrolite and jeoleoito <>c- 

• itssA 

II [singer. — o. From Bomhuy (Thomson): 


8 * 0 *. 
a. 42-60 
h. 42-17 
e. 42 70 


AI*O j 

c»o. 

Na’O. 

n*o. 

26*00 

1 1 43 

6-63 

12 70 

37*00 

9 on 

10 ID 

11-70 

- 27*60 

7 61 

7 00 

14-71 

be approximately 

represented by this 


- 100-36 

• 100T6 

. 99-62 


v /; - i mineral, occurring in the amygdaloid of the north o# 

Harnngtonite, a “"J" , and tough, may be included in the same general 

Ireland, with * STwcoriing to Thomson's analysis, 44 84 per cent, silica, M-4S 

10-68 Hme. *<*« ***• “ d 10 28 W “'* r ( ” 9U ' 8S) ' 

■OUTS. Sec Scoiscrra. 

BOTTWn. See Nateolit* and Scoi.acrra. 

IOT&KTAUC Acx». 8yn. 

tabic Acid. 


with Ikactto Tabtahic Acid: mb Tab- 
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M88OXAUC AOXB. C*l®6v^(Liebig and Wohler, Ann. Ch. Pharm. xxvi 
298.— Svanberg, Berz. Jahresb. 165.) — An acid formed when alloxan or allox* 

anic acid is boiled with aqueous alkalis, urea being simultaneously produced : 
C 4 H 4 N*O ft + H*0 = C’HW + CH 4 N 2 0. 

Alloxanic acid. Meeoxalic acid. Urea. 

The acid is obtained by decomposing’the barium-salt by sulphuric acid, or the lead-salt 
by sulphydric acid. It is crystallisable, and has a very sour taste, and a strong acid 
reaction. It is very soluble in water, and its solution is not decomposed by boiling. 
Its ‘aqueous solution, when neutralised with ammonia, gives with salts of barium, 
strontium, and calcium, white precipitates, soluble in acids, or in a large quantity of 
water. } m 

Mesoxalic acid is dibasic. The barium-salt , C 3 Be"0\ is prepared by boiling a hot 
saturated solution of alloxanate of barium : a mixture of alloxanate, mesoxalate, and 
carbonate is precipitated, and the solution yields, on evaporation, crystalline crusts of 
urea and mesoxalate of barium, the latter of which is removed bv washing with alcohoL 
The salt forms yellow laminae, which are anhydrous at 90°, and at 100° are partially 
decomposed. Liebig and Wohler found 55*93 per cent, barium in the salt ; the calcu- 
lated percentage is 56*49. The calcium-salt forms thin tables, which at 90° contain 

2 at. water.; at 140° they lose 1 at. water, and above that temperature are decomposed. 
It is much more soluble than the barium-salt (Svanberg). The lead-salty obtained 
by dropping aqueous alloxan or alloxanic acid into a boiling solution of neutral acetate 
of lead, appears to be a basic salt, containing 4 at. lead. It is decomposed when gently 
■heated in the air, pure oxide of lead remaining ; hot nitric acid converts it into oxalate 
of lead. According to Liebig and Wohler, the normal lead-salt is formed by adding 
mesoxalic acid to neutral acetate of lead. The silver-salt is obtained as a yellow pre- 
cipitate when mesoxalic acid and ammonia are added to nitrate of silver : it is probably 
a basic salt, as it is entirely decomposed by heat into carbonic anhydride and metallic 
silver, perhaps thus, C 8 Ag 2 O s -f- Ag 2 0 = 3C0 2 -f Ag\ (Liebig and Wohler.) 

When mesoxalic acid is compared with carbonic and oxalic acids, it will be seen that 
the three acids may be regarded as containing respectively the diatomiolfadicles carbonyl 
CO, oxalyl C 2 0 2 , and mesoxalyl C s O s . 

Carbonic acid ...... C 2 H 2 0* = CO.H 2 .0 2 . 

Oxalic acid C 2 H 2 0 4 = C 2 0 2 H 2 .0*. 

Mesoxalic acid ...... C 3 H 2 0 5 = C 8 0*.H*.0 2 . 

The decomposition of oxaluric and alloxanic acids into urea, oxalic, and mesoxalic acids, 
respectively, shows that alloxanic bears to oxaluric acid the same relation that mesox- 
alic does to oxalic acid, and from this point of viow alloxanic acid nifty be regarded 
as meeoxaluric acid. A similar relation is evident between alloxan and parabanio 
acid. F. T. C. 

MB 6 VA FERRSA. This plant, which grows in India, yields a fixed oil having 
a density of 0*954, a chestnut-brown colour, and solidifying at + 5. (Lepine, J. Pharm. 
[3] xl. 16.) 

BKXS rACETAMIDE. Syn. with Propionamipe. 

METACETZO ACID. Syn. with Phopionic Acid. 

METACBTONE. C 6 H ,0 O ? (FrArny. Ann. Ch. Phys. [2] lix. 6. — Gottlieb, 
Ann, Ch. Pharm. lii. 127.) — A substance occurring among the products of the dry dis- 
tillation of sugar, starch, gum or mannite, with lime ; it has also been obtained by the 
distillation of lactate of calcium, and occurs ^among the volatile oils formed by the 
distillation of wood. 

Fr5my prepares metacetone by gently heating an intimate mixture of at least 500 
grms. of sugar with 8 times its weight of quicklime in a capacious retort, withdrawing 
the fire after a while, because the water disengaged from the sugar, coming in contact 
with the lime, raises the temperature high enough to complete the reaction without 
further application of external heat. If the mixture has been well made, scarcely anjr 
inflammable gas is evolved, and a complex oil passes over into the receiver. This oil 
is shaken up with water to remove the acetone which it contains, and the residue, 
which floats on water, is rectified till it exhibits a constant boilijtg point. It is diffi- 
cult, however, to obtain a pure product. According to Gottlieb, it is beat to use only 

3 pte. lime to 1 pt. sugar, and to keep the receiver cool. Metacetpne is obtained in 
the some manner from starch, which indeed appears to yield rather more metacetone 
than acetone : gum, on the contrary, yields a comparatively larger quantity of acetone. 

Metacetone is a colourless oil, having an agreeable odour, insoluble in water , very 
soluble in alcohol and ether. Boiling point 84°. It contains, according to the mean 
of Frimy'e analyses, 72*2 p>r cent, carbon, and 10T hydrogen. The formula C*H’*0, 
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dvteprosenta it as isomeric with oxide of mflpityl and oxide of ollyl, require* 73‘fi 
Km, 10*2 hydrogen, and 16 3 oxygen. When distilled with acid chroma t« qf potas- 
n and strong siuphuric aaid % it yields carbonic anhydride, acetic acid, and propionie 

l. As these products are the same as those obtained by the oxidati * ■* — * 

Atnrm in ms ininnrn nronionn (Cl m i* / 


Syn. with Puomonic Acii>. 

Syn. with Puofionitkilb or Cyanide op Ethyl 


J earbon, ana n o nyarogen.; iviemcetone uroppea on neau„ . wvv 

rate of potassium distils over in great part unaltered, the residue containing only 
sis of propionic acid. (Gottlieb.) 

SKTAOETONZC ACID. 

CBTACBTONITSILE. 

211 ). 

H8TAOBLOBZTS. A foliated columnar mineral from the Huehcnborg near 
ingorode in the Harz. It has a vitreous lo pearly lustre and dull lock-green colour, 
rdness =b 2'5. Gelatinises with acids. Contains, according to List, 23 77 percent. 
« a 16*4 3 alumina, 40*36 ferric oxide, 310 magnesia, 0 74 lime, 137 potash, 0’08 
a/and 13*76 water ( —■ 09 60), whence the formula 3t3M‘O.8iO < ).2(Al ; O*.SiO*).10lPO 
l(M*0.Si0*).(3M*0.2Al*0*).8H , 0. {/lamouls/urfs Mineral cheiHic, p. 641.) 

ABTAOBROBSIO OXIDE. See Chromium, Oxides ok (i. 910). 

«»XAOX*YWAllBSIXW. Sec Ciknamkin (i. 

HETACROLBIN. See Acrolein (i. 67). 

HETArERRIC OXIDE. The modification uf ferric hydrate obtained by 1*6(111 
St, Gilles by boiling the ordinary yellow' hydrate in water (p. 395). 
«E 3 XA.riTM , TnROX.. See Fi Kmioi. (ii. 752). 

BEXAOALLIC ACID. Sec Gallic Am>(ii. 760). 

BETAHTT^IC ACID. See Ulmic Ann. 

IESXAlX.. Ml tall. MUal. METALLOID. Mitulloid. Metalloids The term 
tal has long been commonly applied, in technical mid popular language, to a number 
Bubstances which agree in presenting, in various degrees, a combination of certain 
LL-daflned physical characters, by which many oi them are easily distinguishable 
m most other substances. Gold and hilv. rw. ro formerly regarded as the typical 
itosentativos of this class of substances. Ihose characters, however, are not by any 
ans absolutely distinctive of metals ; for there are many substances which ure not 
tftllie andwsfcich nevertheless possess in n high degree some of the physical cha- 
ters of metals. At a very early date, attempts made by Basil V alentine (ton- 
sionts} Paracelsus (1639), and Boerhnve (1732), to adopt a system of cl ass i- 
ltion which would separate the more characteristic metals from subatanocH possessing 
tAin metallic characters, such as zinc, antimony, bismuth, antimony-glance V ynUm 
4 iralena which were termed pern i - m et als or bastard metals. In 1736, 
andt proposed to make the presence or absence of malleability the principle of this 
saificatumfand upon tl,i» ground ho eepamtod m-rcury from .ho f h, > 

, w was adopted by Vogel (170 h, ln»tttutn»nbu» < h. mut) and Jfuffon O(8o 
w was aa p y v Subsequently, when Braun© had observed th© 

UUfioaUon of mercury by cold in 1 759-60, and this had been confirmed by H u i ch i n s 
d cHendisTin 1783, the malleability of tl.w unbalance became known, «nd It »*» 

Thf of the “tS 

d ( 




* were claaaifled together as met ale, ebieflv on account of 

•? UtU f ta ^T!l* 1 ISoal b c^*racter*, and because they were regarded aa chemically 
sir analogy in physical coarse • . a ^eat number of other simple 

Up!* wr elementary substan e • v>08gC8(j more or^Eess the physical characters of 

SKt whfchdo n^aei them In .bat degree which wua formerly conaidered 
ths wtiscti re peculiarity of a metal. 
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On the discovery of potassium and sodium by Davy in 1807, doubts weqp 
tained as to their metallic nature, and it was proposed to distinguish them from “ 
on account of their peculiar physical characters, and to term them metalloids? a 
ing only some resemblance to metals (Erman and Simon, 1808, Gilbert'* Am 
xxviii. 121). This proposal was not adopted, and in 181 1 Berzelius applied the 
metalloid to distinguish the non-metallic elementary substances from the . &L. 

which sense it has been commonly used up to the present time,- chiefly In relation to 
substances which, like the metals, have not been resolved into separate constituents,, 
and which are consequently regarded as elementary. 

A high degree of density was long considered to be a peculiarly d i «tj n qtive char acter 
of metallic substances ; but the discovery of the earthy and al k n) inqffin e tals sh owed 
that this is not the case, and that, in regard to this, as well as other physical characters, 
the term metal has only a relative application, and should not be considered as repre- 
senting a class of substances entirely distinct from those termed ihetafloid^. * 

This fact has been rendered still more apparent by the advanced investigation of thtf . 
chemical characters and relations of metals and other substances; for while some of.ffce 
substances possessing, in a marked degree, certain of the physical characters, hitherto 
regarded as distinguishing metals, do not possess, in an equal degree, the Chemical cha- 
racters of metals, there arc, on the contrary, substances possessing few or ndne ^ the 
physical characters of metals, but manifesting in their chemical characters anct’rela- 
tions the most marked analogy with well-defined metals. Thus for instable antimony^ ■* 
molybdenum, arsenic, titanium, &c., form compounds with oxygen, sulphur, &c., Much 
are the analogues of sulphuric, phosphoric, nitric, and silicic acids ; while, on the other 
hand, the electropositive constituents of the earths and alkalis, also hydrogen, am- 
monium, and some of the hydrocarbon radicles, correspond closely with the electropositive 
metals, in their general chemical functions, and form with oxygen and sulphur, &c., 
compounds which are in the highest degree analogous to the basic compounds of silver, 
lead, iron, &c., with oxygen. 

In a strictly chemical sense, therefore, the term metal must be regarded as represent- 
ing an ideal type, to which a number of substances approximate mor^pr less, indepen- 
dently of their physical characters and of their simple or compound nature. 

The elementary substances generally regarded as metallic are mostly solid at thfr 
ordinary temperature, the only exception being mercury (p. 933). With tfeai'exoejH 
tion of arsenic, they are all capable of becoming liquid at various temp« ' 
peculiar to each, and some of them are capable of being convertod into vapour 1 
In the solid and compact state they are in a- high degree impervious to light, 
of metal is absolutely opaque ; but very thin laminae of some metals allow ce 
to penetrate through them, as for instance gold-leaf, which transmits light! 
colour. (Faraday, see pp. 636, 612.) V ^ ; 

In consequence of this impermeability by light and the accompanying higjtl 
power of metals in the compact, or liquid states, they possess a peculiar lj 
brilliancy, which may be developed by polishing their surfaces. The colour _ 
metals iB a peculiar grey, with a varying tint of blue ; but some few artf yellow^ 
as gold and copper, brass, bronze, &c. (see Light, p. 641 et sea.), the colour _ 
due to an unequal power of absorption for different rays, and varying according to ^ 
angle which the incident rays form with the surface of the metaL When this 
is very small, the whole of the rays are reflected, abd all metals appear quite cufourleM^ 

One of the characters which, in combination with those already mentioned, hatf^< 
been regarded as most distinctive of metallic substances, is an internal mobility, in 
virtue of which the shape of a muss of metal may be altered by pressure, hammering, ' 
or by other mechanical means, without disintegration or disruption of the mass. 
character, which is presented in various degi^s and modes by different met*b,^|5il 
expressed by the terms malleability — denoting the capability of flattening or spreading 
out under the hammer, or between rollers — and ductility — denoting the capability 
becoming longer and thinner by drawing through a hole of less area than the transverse i 
section of the piece of metal. . , ^4 

For individual metallic substances, the degrees of malleability ' 

by no means equal ; many metals, which are in a high degree m » 1 leap p, af fair and 
lead, cannot be drawn into very fine wire, while others which are 
iron, copner, gold, possess far greater ductility. Both characters a$» oons ids' 
influenced by temperature. Within certain limits they are generally greater at 
than at low temperatures. The mechanical working of a metal is a lso * 
an alteration in its molecular condition, attended with diminution * 
ductility (hammer- hardened ; icroui). In such cases those chara&tiVS may u* 
to the metal by heating it and allowing it to cool slowly (annealing ; anlai ' 

• From metU and Jitf, likenru. 
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t possess so little malleability or ductility th%t they cannot be rolled into 
r drawn into wire. 

y, or the resistance to forces which tend to tear asunder, either by tension, 

, ur, ’wrenching, is another character which metals possess in very unequal 
It is intimately connected with molecular condition, and is in some way 
I ito malleability and ductility. It is largely influenced iu particular metals by 

wMfldbs of absence of certain admixtures; by the manner in which they have 
PfiworltM into shape, and by temperature. In general it is reduced by increase of 
•^temperature; but in some cases it is increased within a certain limited range of torn* 
^parature, as in the case of iron (see Cohksion, i. 1078). Some metals possess but a 
^exy sligbt degree of tenacity, and are then termed brittle — as zinc, antimony, and 
arsenic, 

pajUeUy^t the capability of a bar of metal to recover its original shape and 
dimensions, after being bent or stretched, is also a character connected with tenacity 
jpnd internal mobility. It varies much in different metals. 

Metallic substances differ very widely in the degree of hardness they possess, or are 
Capable of acquiring by sudden cooling or otherwise. Some are so soil as to admit of 
being kneaded like wax (potassium ami sodium), others are capable of scratching 
quarts el even diamond (steel, chromium). The presence of small amounts of various 
- AubftapboSr such as carbon, silicon, &c., in metals, often communicates to them con- 
hardness. As a general rule, a metal is more brittle in proportion to its 
degreo of hardness. 

Metals are capable of assuming a crystalline structure generally belonging to the 
cube, octahedron, or some other form of the regular system ; antimony and arsenic 
crystallise iu rhombohedrons. Metals occurring native are frequently crystallised. The 
existence of crystalline structure in a metal, considerably influences its tenacity. It is 
generally accompanied by an increased degree of brittleness, and those metals which 
gro most easily crystallised are, as a general rule, the most brittle. Crystalline 
"Tstructure is sometimes assumed by metals, while in the solid state, under the influence 
of long continued Boat, of percussion or of vibration, ami other mechanical actions, and 
the change thus induced is often of importance in relation to technical applications 
“ fyunte, p. 327). Metals may often be crystallised by slowly cooling them in a 
>te, and when partly solidified, inuring off the remaining liquid metal (see 
I. 690 ; Lead, iii. 478). Metals often assume a crystalline struct uro when 
«ited from' solutions of their saline compounds, and some can bo crystallised 
on (zinc, arsenic). 

metalloids in general present a marked difference in their power of con* 
•tricity and heat ; the conductivity of metals for electricity in greater than 
substances. It varies considerably in different metals, and to sonm 
It individual metals, according to their molecular condition, temperature, 
enc€ or absence of foreign admixtures * The purer and softer the metal, 
Jits conductivity : the higher the temperature of the metal, the lesn its con- 
J|*The conductivity of some metalloids is increased by elevation of temperature. 
IVdemapn, Uhre vom Galvanismus und Elccironaqnctismus , i. 180. — 
iiesson, 1?56, Proc. Hoy. Soc.xi.51tl.) 

als and metalloids differ m their electrical relations, the former being, ns a class, 
o- positive, the latter electro-negative. The distinction, however, is only one of 
Cna metals present similar differences among each other. (See Kmomucmr, 

tf"432 ) 

’Metals differ widely in thoir capacity for heat. The specific heat of sodium amounts 
to n e a rl y ten-fold that of bismuth, lead, mercury, or gold. 'Hie conductivity for heat 
f JMoSfes greatly, though metals generally possess a comparatively high degree of 
pKhuStitity for heat. (See Pcspretz, Conipt. rend. xxxr. 540. —Wiedemann and 
GShTnir 1854 /Ann. Ch. Phys. xli. 107.) ' , . 

Mlowing table presents some of the principal physical characters of the 
e lem en tar y metals and metalloids, so far as they have been deter- 
ge eases the numbers given arc.only approximative. It must also be 
K the existence of these characters, and the degrees in which they are 
ticular substances, are sometimes due to the molecular condition of the 
af than to any inherent peculiarity. This is more especially known to 
i the metalloids, several of which arc polymorphic, as sulphur, phospho- 
; l^on, silicon, &c. (See Dimorphism, ii. 331.) 

uiL -ncomt«nrtn* table are taken from Matthlenen’a esperiment* (PMk 
fitl Mas f41 xlrt. SI ), The letter* h.p, and t prefiaort to the number* in column 
Ire* were IsrlPkraum, preyed, or 

3 O 
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Klaproth . . 

1789 

Uranium 

18-40 
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00619 
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1783 

Tungsten . 

1830 


0*0334 
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Only a few metals occur native, via. gold, platinum, palladium, iridium, and rhodium, 
which are almost always found in the metallic state— silver, copper, mercury, bismuth* 
arsefiuj, which are oiten found in the metallic state— iron, antimony, lead? uno ? which 
are very rarely found in that state. 

For the most part, metals occur naturally as constituents of various minerals, in 
which they are combined with oxygen, sulphur, chlorine, or arsenic, &c., in various 
proportions and modes. 

Of the metalloids only three occur native to any considerable extent, viz. nitrogen, 
oxygen, and sulphur. Carbon and selenium occur but rarely in an isolated state. 

It is doubtful whether fluorine has yet been obtained in the free state, even arti- 
ficially (see ii. 673). 

In the chemical characters and relations of metal'* and of metalloids, there aw 
differences as great as in their physical characters. These differences, however, are 
manifested more in the functions which the substances of one or other class perform, 
in their compounds with other substances, than by the capability of direct combination 
with each other, which is considerably influenced by various physical conditions, such 
as temperature, state of aggregation, See. ; hence also this mode of ciiemical action 
should probably be regarded merely as a phase of some more general dynamic pro- 
perty, rather than as the exercise of a peculiar force, inherent in the different, elementary 
substances. (See Chemical Affinity, i. 850 it mq. ) Hut in any case, the existence 
of chemical compounds, and their characters in relation to other substances, must bo 
regarded as results of the sumo mutual activity which determines chemical combina- 
tion. Probably all elementary substances are more or Icsh capable of existing in a state 
of chemical combination with each other; but those possessing this capability in the 
highest degree are, as a rule, either the most opposite in their general chemical rela- 
tions, or else capable of assuming special functions in relation to certain others. I lie 
elementary substances possessing the most universal capability of existing m combina- 
tion with others, and of direct combination, are fluorine? oxygen, sulphur, chlorine, 

bromine, iodine, and some of the metals. ,i 

Hydrogen and oxygen, which present the most decided differences in their general 
chemical relations, may bo taken as typical of the two classes of elementary wulmtuiirra 
—metals and m et all olds— the one representing* the basylous, and the other tin 
chlorous constituents of compounds. (Graham.) 

The basylous or chlorous characters of t he elementary substances arc not Iiomi ver abso- 
lute, except perhaps in the case of fluorine and oxygen. < hi the contrary, i p y ' llI 7 * " 
cording to the kind of substances existing in combination, lhus, for ],,H Jj 4n ^ c, j , 
and sulphur arc both basylous in relation lo oxygen, but chlorous in relation to ydro 
gen and most other elementary substances ; again, among the metals which ar< P '* ; V 
basylous in their relations to other substances, some arc capable of existing in cinib - 
nation with others, in relation to which they are then feebly chlorous. , 

In compound substances consisting of two elementary radic es, their chennral 
characters and relations to each other generally approximate to the basylous or chi r. 
condition more or less in proportion to the relative prepon crance of one or oth r of 
tliose characters in one of the constituents. Thus, for example, m water tint n.lnuvuy 
rioua W chloroue character of hydrogen and oxygen are -o nearly ladanced 
that it is almost destitute of any chemical activity,,- an mdepen den 
that which it does exhibit is, accord, „g to circumstance-, -om.timi- 
hydrie sulphate, nitrate, &c„ and sometimes chlorous, as in potassiuin-hydrute, culeium- 

^iThvd^bloric acid, however, the ehlormt- character of chlorine relatively to 
hydrogen exceeds that of oxygen, in such a degree that this su d B a 

dependent snbstance. Agai , inHiflercnt and the higher oxides are chlomoa. In 
sli^tly so, while the £«,*.& ,» bromine, io.li.ie, &c. with 

* 3 o 2 
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The chemical function of manganese in manganous oxide is essentially different from 
that which it exercises in manganic or permanganic acids. In the former case the 
metal corresponds with, and is chemically equivalent to, hydrogen in water ; in the 
latter case it corresponds with, and is equivalent to, chlorine and nitrogen in chlorous 
and nitrous acids, and to chlorine in perchloric acid. (See Classification, i. 1007 ; 
and Equivalents, ii. 491.) 

Certain compounds of elementary substances present, in their general chemical 
relations and functions, a very close analogy with the metals and metalloids ; as, for 
instance, cyanogen (see ii. 275) and the hydrocarbon radicles. (See Radicles.) 

Compounds are usually named generically according to their chlorous constituents, 
and specifically according to their basylous constituents ; thus compounds in which 
oxygen, sulphur, or chlorine, &c., are the chlorous constituents are termed oxides f 
sulphides, chlorides , &c. (see Nomenclature). In the case of compounds in whicjj 
the relative basylous and chlorous functions of tbo constituents are less marked or not 
easily determinable, names of a more arbitrary nature are commonly used ; thus, for 
instance, the compounds of metals with each other are termed alloys, and those alloys 
in which one of the constituents is mercury are termed amalgams. 

Since the specific descriptions of particular compounds will bo found under their 
respective heads, it does not come within the scope of the present article to do more 
than point out the leading characteristic features of the most important classes of 
compounds, viz. oxides, sulphides, &c. 

Oxides. All the elementary substances, except fluorine, are capable of existing in 
combination with oxygen, in one or several proportions. 

The physical characters of oxides are generally very different from those of their 
constituent basylous radicles. Among the metalloVdal oxides, some are gaseous under 
oixlinary conditions, as carbonic oxide, carbonic acid,* some of the nitrogen oxides, 
sulphurous acid, &e. ; some are liquid, as nitrous acid; others are solid, as nitric acid, 
sulphtiric acid, silica, &e. Among the metallic oxides, all of which are solid, some are 
volatili sable, as arsenious acid, antimonious oxide; the others are fixed and mostly 
infusible and insoluble in water. Formerly metallic oxides were called calces, and 
their production was termed calcination. (See Gas, ii. 774.) 

Many oxides occur native in great ubundance ; thus among those of the metalloids, 
carbonic acid is a constituent of the atmosphere and of a great number of mineral sub- 
stances. Silica also is very abundant both in the states of quartz, flint, sand, &c., ami 
as a constituent of numerous minerals and wicks. Sulphuric acid occurs frequently as 
n constituent of various minerals, as gypsum, selenite, heavy spar, &e. : boracic acid 
occurs in the lagoons of Italy, and in some minerals: phosphoric acid is very widely 
distributed throughout the mineral kingdom, in small relative quantity, and it occurs 
abundantly in plants and animals. Among the metallic oxides, water, the earths, and 
the alkalis are probably the most abundant; existing as constituents of various 
minerals und rocks. Among the compounds of the heavy metals with oxygen, the 
oxides of iron, manganese, and zinc are the most abundant, either as such or in 
combination with carbonic acid, silica, &c. 

The chemical relations of tho oxides are as diverse as those of elementary sub- 
stances. Among the metalloidal oxides containing the smallest, proportions of oxygen, 
some are characterised by their chemical indifference, as individual substances, in 
relation to most other substances, as for instance carbonic oxide, nitrous oxide, &e. 
Those containing larger proportions of oxygen are possessed of considerable chemical 
activity ; and, in their compounds with other oxides, they present relations which are 
genefrdly of a more or less decidedly chlorous clmracter, as for instance sulphuric, nitric, 
anil carbonic acids. ^ 

The metallic oxides containing the smallest proportions of oxygen are sometimes 
characterised by their chemical indifference, as for instance suboxide of lead ; but 
they more generally present relations of a basylous nature in their compounds with 
other oxides, as for instance potash, soda* zinc-oxide, silver-oxide, &c. Among those 
containing lurger proportions of oxygen, some, such as ferric oxide, alumina, &c., 
present this character in a less marked degree, and in some of their compounds 
they are chlorous, as in potash-aluminate, & c. Other metallic oxides containing 
still larger proportions of oxygen, such as manganese-peroxide, *&c., are mostly 
indifferent as individual substances ; but the oxides containing tho largest proportions 
of oxygen are in many cases decidedly chlorous in their compounds with other oxides ; 
as for instance, manganic acid, permanganic acid, stannic acid, chromic acid, &c. 

The chemical relations of compounds consisting of two different oxides are generally 
of a nature corresponding to those of hydrochloric acid and potassium-chloride to 
other chlorides, ana the mutual relations of their constituents correspond with those of 

* The word *• acid ** in this article it used in the tent* of aahydrous act’d or anhydride, *■£., carbonic 
•cid CO* ; nark: acid N*0\ See. 



METALS AND METALLOIDS. 939 

hydrogen and chlorine in hydrochloric acid. (See Salts ; and Acids, i. 39 : A LX ALL 
i. 115; Base, i. 619.) ’ 

Many oxides containing the largest proportions of oxygen are decomposed at various 
temperatures by the action of heat alone, yielding oxygen-gas and lower oxides. 
Excepting nitric acid, which is readily decomposed by heat, must of the other higher 
oxides of the metalloids which are known in a separate state, art* capable of supporting 
high degrees of temperature without decomposition. The sesquioxulea ami peroxides 
of metals are generally decomposed by heat into oxygen aud lower oxides, and all the 
oxides of silver, gold, platinum, &t\, are decomposed by moderate degrees of heat into 
oxygen-gas and the respective metals. .Some oxides, on the contrary, combine with a 
further quantity of oxygen, either at the ordinary temperature, as for instance man- 
ganous and ferrous oxides, or when heated in contact with oxygen or atmospheric air, 
#is plumbous oxide. This change takes place most readily in some cases when tho 
oxide is in combination with water, or when water is prosenY. 

Most oxides may lx* decomposed to a greater or less extent by the simultaneous action 
of heat and of some other substance capable of combining with oxygen, and of abstract- 
ing? it -from the oxide operated upon, so as to form an oxide of greater stability under 
the circumstances. This reduction, ns it is termed, is complete when the whole of 
the oxygen is separated from the basy Ions radicle, and partial when there is only a 
lower oxide produced. The most powerful reducing agents are the iilkuti-mctnls, 
hydrogen, carbonic oxide, and carbon. Even carlionie oxide is decomposed by potas- 
sium or sodium with tho aid ot heat. The oxides of the metalloids are mostly 
susceptible of reduction by carbon with the aid of heat. Among metallic oxides those 
of iron, eopper, lead, bismut h, &e., are completely reduced by hydrogen at. a nsi heat ; 
the oxides of manganese and uranium, <fco., are but partially reduced ; oxide of zinc with 
difficulty; while the lower oxides of chromium, manganese and uranium, und the oxides 
of tho earthy and alkali-metals are not affected by hydrogen. In tho reduction of 
metallic oxides by means of carbonic oxide or carbon, the metal eliminated often 
aontains carbon in a state of combination with it, At very high temperatures, carbon 
reduces some oxides which are not affected by hydrogen, as for instance soda and 
potash at a white heat. 

When the reduction of a metallic oxide by carbon is effected at a coinpanitirely low 
temperature, carbonic acid is formed; but when it takes place only at a very high 
temperature, carbonic oxide is produced. 

The reduction of metallic oxides may also be effected by heating them with metals 
whose oxides are less readily reduced. Thus potassium reduces several metallic oxides, 
and among others ferric oxide at a red heat ; but at a wliil* heat, potash is decomposed 
by iron. The result in this latter case may lx* due to thu volatility of potassium at 
that temperature, and the consequent removal of small j>orlions reduced under ths 
influence of a preponderating mass of iron, so that this notion takes place repeatedly 
until the whole of the potash is deconqioHed, uml without any possibility of action 
between the potassium and oxide of iron. 

By the action of heat and reducing agents upon compound oxides, such ns sulphates, 
phosphates, &e., there may be produced a compound of the metal with tho chlorous 
radicle, as sodium-suLpliide, by heating to redness a mixture of the corresponding 
sulphate with carbon. If the radicle of the chlorous constituent of the compound dons 
not combine with the metal under the circumstances, it may be volatilised in the 
state of a lower oxide, as in the reduction of nitrates. 

Some compound oxides, such as carbonates, nitrates, &e., are decomposed by the 
mere action of heat, the acid being eliminated either unaltered or decomposed, ami 
the metallic oxide remaining either in the same state as it existed in the original 
compound or in a higher state of oxidation ; thus ferrous carbonate yields by 
ignition, ferroso-ferric oxide and a mixture of carbonic oxide with carbonic acid. 

Certain metals and metalloids do not, under any known circumstances, combine 
directly with oxygen; for example, gold, platinum, nitrogen, chlorine, bromine, iodine, 
&c. All the others arc capable of combining directly with oxygen, some of them at 
very low temperatures, as for instance sodium, potassium* ; others like copper, iron, 
carbon, sulphur, phosphorus, &c., when heated to temperatures differing for each. In 
all cases the direct combination with oxygen ia attended with evolution of beat, and 
if it takes place rapidly, it is also attended with evolution of light. (.See CoMitvimox, 
i. 1089.) 

The physical condition of substances capable of combining directly with oxygen, 
influences very much the facility with which the combination takes place. A state of 
minute subdivision is most favourable, while a compact condition is most opposed to 
combination, especially when the resulting oxide is infusible at tho temperature 
produced by tho combination, and forms a protecting crust over the surface of the 
substance. Thus pulverulent copper, heated to abcut 460° C\, takes Arc in oxygen gas. 
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and is completely converted into oxide; but a plate of copper under the same conditions 
merely becomes covered with a crust of oxide. On the contrary, a red-hot iron wire 
continues to burn in oxygen gas, because the resulting oxide is melted at the tempera- 
ture produced, and thus a fresh metallic surface is exposed to the action of the 
gas. 

The indirect oxidation of metals and metalloids may be effected by heating them 
with substances which evolve oxygen when heated, such as nitrates, chlorates, &c. 
Some metals, such as iron, zinc, &c., decompose water in the presence of acids, and 
form oxides which combine with the acid. Others decompose water alone at the ordinary 
temperature, like sodium, or by the aid of heat, like aluminium, magnesium, iron, &c. 
Others again decompose water in the presence of an alkali, and with the aid of heat, liko 
aluminium and zinc. The behaviour of iron with water-vapour, and that of ferric oxide 
with hydrogen, present a striking illustration of the influence of circumstances on th$ 
exercise of chemical affinity. The production of ferric oxide in the one case, and the 
reduction of the same substance in the other, are most probably due to the 
respective preponderance of water-vapour relatively to hydrogen, and of hydrogen 
relatively to water-vapour, and also to the constant removal of the hydrogon and 
the water- vapour which are produced in the two cases by the action taking place. 

A similar influence is also manifested in the reduction of zinc-oxide by hydrogen. 
(Doville.) 

The facility with which different metals combine with atmospheric oxygen under 
ordinary circumstances, varies very much. While the alkali-metals are rapidly 
oxidised even in dry air, neither gold, silver, nor platinum is at all affected in any case. 
Some metals, such as iron, however, which remain perfectly bright in dry air or even 
oxygen, rapidly become oxidised in moist air, and covered with a coating of oxide. The 
presence of acid vapours in the atmosphere facilitates this action upon most oxidable 
metals, but in the case of some it does not extend beyond the surface. Thus, for in- 
stance, zinc, when superficially oxidised by exposure to the atmosphere, does not undergo 
further oxidation, the portions underlying the crust of oxide being in fact protected by it. 

In the case of iron, on the contrary, the oxidation progresses until the whole of the metal 
is converted into oxide, or as it is termed rust, and it even proceeds with accelerated 
rapidity after the first oxidation of the surface has taken place : for the electropositive 
relation of the iron to oxygen is augmented by its contact with the ferric oxide, and its 
combination with oxygen is thereby facilitated so much that the metal is capable of 
decomposing water. 

A different application of the same principle may be made the means of preventing 
the oxidation of iron. Thus if the metal is placed in contact with a substance which 
renders iron electronegative in relation to it, the affinity of iron for oxygen is reduced, 
and it becomes less liablo to oxidation than it would otherwise have been. This fact 
has been practically applied in the galvanising of iron, which consists in coating iron 
with a thin layer of zinc which becomes electropositive in relation to iron, and though 
the zinc is thus rendered more liable to oxidation, it still protects the iron, since the 
oxidation of the zinc is only superficial, and the production of a thin film of oxide upon 
it prevents further action. 

SnlpUfdea. These form a very numerous class of substances, which, consistently 
with the chemical analogy between sulphur and oxygen, present in their general relai- 
tions considerable similarity to the oxides. They contain various proportions of 
sulphur, and are accordingly termed proto-, srsqui-, di- f tri- and pcnta-sulphides. With 
the exception of carbon-disulphide, which corresponds to carbonic acid, the sul- 
phides of the metalloids are but little known t there appear to be several sulphides of 
phosphorus, and probably more than one sulphide of nitrogen. (Faraday, Quart. 
Journ, Sei. iv. ; Soubeiran, Ann. Ch. Phys, [2] lxvii. lxxi.) 

The sulphides are capable of forming compounds with each other — sulpho-salts — 
analogous to the compounds of oxides, in which the sulphides of the most basylous ele- 
mentary radicles, and those containing the smallest proportions of sulphur — the s u 1 ph o- 
bases — are basylous in relation to sulphides containing larger proportions of Bulphur 
and less basylous radicles— snip ho- acids. Thus potassium-sulphide combines with 
carbou-disulphide and with araenic-peutasulphide, forming potassium-sulpho-carbonate 
and potassium-sulph-arsenate. The sulphides of the alkali-metals were formerly 
called liver of sulphur. 

Many sulphides combine with water and some other oxides, as well as with chlorides 
and iodides, &c. 

The physical characters of some metallic sulphides closely resemble those of the 
metals in certain particulars, such us the peculiar opacity, lustre, and density, especially 
when they are in a crystalline condition. They are generally crystallisable, brittle, 
and of a grey, pale yellow, or dark brown colour. The sulphides of the alkali-metals 
are soluble in water, most of the others are insoluble. They are more frequently fusible 
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than the corresponding oxidea, and some are Toiatilisable, as mercury -sulphide, arsonio* 
sulphide. Carbon-disulphide is an oily liquid, insoluble in water. 

Metallic sulphides occur native in great abundance in the various forms of pyrites, 
blende, and glance. They are the principal sources from which certain metals, such 
as lead, copper, &c., are extracted. 

Many sulphides, when heated out of contact with atmospheric air, do not undergo 
any decomposition ; this is the case chiefly with those containing the smallest propor- 
tions of sulphur, such as the protosulphides of iron and xinc. Sulphides containing 
larger proportions of sulphur am partially decomposed by bent, losing part of their 
sulphur, and being converted into lower sulphides, or partially reduced, as in tha case of 
iron disulphide. The sulphides of gold and platinum are completely reduced by heat. 

Some sulphides may be deeomjH»sed by the simultaneous action of heat and of substances 
capable of combining with sulphur. Thus, fur instance, silver, copper, bismuth, tin, and 
amtimony sulphides are reduced by hydrogen ; copper, lead, mercury, and antimony sul- 
phides arc reduced by heating with iron ; but. in this case, some of the sulphide escapes 
decomposition, and combines with the iron-sulphide produced, forming n sulpho-salt. 

Sulphides which are uot reduced by heat nlone, are always decomposed when heated 
in contact with oxygen or atmospheric air. Those of the alkali- and earth-metals am 
converted into sulphates by this means. Zinc, iron, manganese, copper, lead, and 
bismuth sulphides are converted into oxides, and sulphurous acid is produced: but 
when the temperature is not above dull redness, some sulphate is formed by direct 
oxidation. Mercury and silver sulphides are completely ml need to the metallic state. 
Some native sulphides gradually undergo alteration by mere exposure 1o the atmo- 
sphere, but it is then generally limited to the production of sulphates, unless the oxida- 
tion takes place so rapidly that the heat generated is sufficient, to decompose the sulphate 
first produced. In the production of some metals for line in the arts, the separation of 
sulphur from the native minerals is effected chiefly by means of this uetion in tho 
operations of roasting. (See Mr.TAn.imaY.) 

Some metallic sulphides are also decomposed by heating them in contact with water- 
vapour, with production of metallic oxides and sulphuretted hydrogen: lead, antimony, 
and mercury sulphides are but partially or little affected, and the sulphides of ulknli- 
or earth-metals are converted into sulphates, hydrogen being eliminated. 

Metallic sulphides are decomposed in like manner when heated with metallic oxide* 
in suitable proportions, yielding sulphurous acid and tho metal of both tlm stilpliido 
and oxide. Metallic sulphates and nitrates exercise a similar action, yielding various 
proportions of metallic oxide and basic sulphates according to tho proportions of the 
substances reacting. 

Many metallic sulphides are decomposed by acids in the presence of water, sulphur- 
etted hydrogen being evolved, while the nmlal enters into combination with tho acid 
or the chlorous radicle of the acid. Nitric acid when concent rated decomposes most 
sulphides, with formation of metallic oxide, sulphuric acid, sulphur, and a lower oxide of 
nitrogen. Nitromuriatic acid acts still more energetically in a similar manner. 

Most of the metals and metalloids are capable of combining directly with sulphur 
when heated with it under suitable conditions. Gold and zinc do not combine directly 
with sulphur. The combination of metals with sulphur is attended with gnat evolu- 
tion of heat, and also of light when it takes place rapidly, being in fuel a true case of 
combustion in which sulphur takes tho part of oxygen. 

Sulphides are also produced by the action of metals upon sulplmlne acid, both slowly 
at the ordinary temperature, and more rapidly by the aid of heat. Metallic oxide* 
heated with excess of sulphur yield sulphurous acid and sulphides ; sometimes a com- 
pound of sulphide and oxide, as in the cm-e of manganese. The alkalis and earths do 
not yield sulphurous acid in this way, but hyposuJphurous or sulphuric acid, which 
remains in combination with a portion of the base-- liver of sulphur. Metallic 
sulphates heated with carbon aremlueed, carbonic acid? or carbonic oxide and sulphide* 
being produced. Hydrogen gas exercises the same reducing action with production of 
water Metallic oxides heated in contact with sulphuretted hydrogen or vapour of 
carbon-disulphide are converted into sulphides, with simultaneous production of water 
and carbonic acid or carbonic oxide according to circumstances. 

Solutions of metallic compounds yield precipitates of metallic sulphides when mi*«d 
with solution of sulphydrie acid, or of soluble sulphides In the case of mentis 
whose sulphides are decomposed by dilute acids, the sulphides are not precipitated 
unless there is an alkali added to neutralise the acid of the metallic salt. 

Metallic sulphides aro also produced by the reduction of sulphate* by organic 
substances. Many native sulphides have no doubt been formed in this way. 

Pboaphldea. — These compounds are but little known in a definite state ; but they 
appear to be in general analogous to the sulphides in their chemical characters. The 
meUlHc phosphides are mostly brittle and fusible, and the presence of phesjdioru* id 
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metals renders them hard and brittle. (See Copper, ii. 73 ; Iron, iii. .327, 334, 399, 
Lead, iii. 537.) 

The phosphides of the alkali- and earth-metals are decomposed by contact with 
water, yielding oxides and phosphor etted hydrogen. Some of the phosphides are 
converted by ignition in contact with air into basic phosphates, part of the phosphorus 
being volatilised. 

Metallic phosphides may be produced, either by heating the metals with phosphorus, 
by the reduction of phosphates with carbon or hydrogen gas, or by the action of phos- 
phoretted hydrogen upon solutions of metallic compounds. Some metals cannot be 
combined with phosphorus by any of these methods. 

Chloride*.— All the elementary radicles, excepting fluorine, are known to be capable 
of existing in combination with chlorine. The compounds of chlorine with the metals 
generally correspond to the oxides. (See Metallic Chlorides, i 894 et seq.) 

Among the chlorides of the metalloids, some correspond in their composition with 
the respective oxides, sulphides, &c. (See i. 899, 764, iii. 293.) 

Bromides. — (See i. 672 et scq.) 

Iodide*. — (See iii. 284.) 

Fluorides. — (See ii. 67 0 et scq.) 

Nitrides. — "With the exception of the nitride of carbon (see Cyanogen, ii, 276), 
these compounds are but little known. The titanium -nitrides are among the most 
remarkable. Several other metals and metalloids appear to form definite compounds 
with nitrogen in several proportions. (See Carhazote, i. 757 ; Boron, Nitride op, 
i. 635 ; Copper, ii. 67 ; Iron, iii. 391 ; Magnesium, iii. 754 ; also Nitrogen.) 

Carbides. — Several metals appear to bo capable of forming compounds with carbon, 
but their chemical history is little known. The most important are the iron-carbides 
(iii. 371 and 329; also Copper, ii. 52). Manganese probably forms compounds with 
carbon analogous to the iron carbides. 

Sllloides. — The compounds of silieium with the metals are still less known than 
the carbides. (See Iron, iii. 334, and Manganese, iii. 816.) 

Alloy*. — Most metals are probably, to some extent, capable of existing in a state 
of combination with each other in definite proportions ; but it is difficult to obtain 
these compounds in a separate condition, since they dissolve in all proportions in the 
melted metals, and do not generally differ so widely, in their melting or solidifying 
points, from the metals they may be mixed with, as to be separated by crystallisation 
in a definite condition. Exceptions to this are met with in the cooling of argentiferous 
lead (iii. 504 et seq.), the crystallisation of brass (see Copper, ii. 48), and of gun 
metal (ii. 44). 

Some metals cannot be made to mix or combine with each other when melted 
together, except in very unequal proportions. Thus lead retains only 1‘6 per cent, zinc, 
and zinc only 1*2 per cent, lead (see Matthiessen and v. Bose, 1861, Proc. Roy. Soc.). 
Even when metals are miscible in all proportions, it is difficult to say whether there is 
actual chemical combination, as in the ease of potassium and sodium, tin and antimony. 

The chemical force capable of being exerted between different metals may, as a rulo 
be expected to be very feeble, ami the consequent state of combination would therefore 
be very easily disturbed by tho influence of other forces. The stability of such 
metallic compounds is however greater in proportion to the general chemical 
dissimilarity of the metals they contain. But in all cases of combination between 
metals, the alteration of physical characters, wjjich is the distinctive feature of chemi- 
cal combination, does not take place to any great extent. Tho most unquestionable 
compounds of metals are still metallic in their general physical characters, and there 
is no such transmutation of the individuality of their constituents as takes place in 
the combination of a metal with oxygen, or sulphur, or chlorine, &c. The alteration of 
characters in alloys is generally limited to the colour, degree of hardness, tenacity, &c., 
and it is only when the constituent metals are capable of assuming opposite chemical 
relations, that these compounds are distinguished by great brittleness. 

The formation of actual chemical compounds is indicated in some cases, when two 
meta's are melted together, by several phenomena, viz. the evolution of heat, as in 
the cm.' © of platinum and tin, copper and zinc, &c. The density of alloys, also differs 
from that of mere mixtures of the metals. In the solidification of alloys the temperature 
does not always fall uniformly, but often remains stationary at particular decrees, which 
* may be regarded as the solidifying points of the compounds then crystallising. Tin 
and lead, melted together in any proportions always form a compound which solidifies 
at 187 a C. The melting point of an alloy is often very different from the point of solidi- 
fication, and it is generally lower than the mean melting point of the constituent metals. 

Jfcit though metals may combine when melted together, it is doubtful whether they 
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remain combined after the solidification of the mass, and the wide differences between 
the melting and solidifying points of certain alloys appear to indicate that the 

Group I. 

so ftO 40 so JO 1(1 


existence of these compounds 
is limited to a certain range of 
temperature. Matthiessen 
(Brit Asa. Reports, 1863, 
p. 37) regards it as probable 
that the condition of an alloy 
of two metals in the liquid 
state may be either that of — 
1. A solution of one metal in 
another ; 2. Chemical com- 
bination ; 3. Mechanical mix- 
tifte; or, 4. A solution or 
mixture of two or all of the 
above ; and that similar dif- 
ferences may obtain as to its 
condition in the solid state. 
He considers that the con- 
ductivity for heat and elec- 
trif ity are among the cha- 
racters best calculated to 
indicate the chemical nature 
of alloys. In respect to elcc- 
1 ric conductivity, he divides 
metals into two classes, viz. : 

A. Metals which, when 
alloyed with each other, con- 
duct electricity in the ratios 
of their relative volumes — 
lead, tin, zinc, cadmium. 

B. Metak which, when 
alloyed with each other, or 
with a metal of class A, do 
not conduct electricity in 
t ho ratios of their relative 
volumes, but always in a 
lower degree than that cal- 
culated from the mean of 
their volumes — bismuth, 
a n t i m o n y, p la t i n u m, p a 1- 
1 a d i u m, i r o n, a 1 u m i n i u m, 
gold, copper, silver, &c. 

The curves representing 
the conductivity of different 
series of alloys have the re- 
lation shown in the accom- 
panying diagrams. 

Group I. Those belonging 
to the alloys of metals in 
class A are almost strnight 
lines. That of the lead-tin 
alloys is given as the type. 

Group II. The curves of 
alloys of metals in class B 
show a rapid decrement on 
both sides of the curve, the 
turning points being con- 
nected together by nearly 
straight lines. That of the 
gold-silver alloys is given as 
the type. 

Group III- The curves of 
alloys of metals in class A 
with those in class B show 
rapid decrement on the 
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straight line to the other side, beginning with the metal belongiig to class A. That 
of the tin-copper alloys is given as the type. 

In regard to the alloys of the first group, if they were mechanical mixtures, the 
metals composing them, unless their specific gravities were the same, would separate 
into two layers when melted and slowly cooled, as in the case of the lead-zinc nlloys 
(Matthiessen and v. Bose, Proc. Roy. xi. 430). But the alloys of lead and tin, 
for example, do not separate in the same way as lead and zinc. Moreover, homogeneous 
wires could not be obtained by pressing if these alloys were mechanical mixtures; but 
wires of the same alloy have been proved to have the same conducting power, whether 
taken from the press at the beginning or the end of the operation. 

On the other hand, the agreement between the theoretic and actual conductivity of 
these alloys, as woli as between the calculated and actual percentage decrement in 
conductivity between 0° and 100° C., indicates that, in the solid state, they are not 
chemical compounds. In regard to these particulars, the following law has been fouffd 
to obtain for all alloys of the first and second groups, as well as for some of those 
belonging to the third group : 

The actual percentage decrement in conductivity between 0° and 100° C. is to the 
calculated decrement , as the actual is to the calculated conductivity. (M att h i e s s e n and 
Vogt, Proc. Roy. Soc. xii. 652.) 

Among the alloys of the second group, some may be regarded as mechanical mix- 
tures. Silver and copper fused and well st irred together, separate when slowly cooled, 
so that the mass contains different amounts of the metals at different parts 
(Levol, Joum. Pharm. xvii. 111). But these alloys are exceptional, and most of the 
alloys of this group may be regarded as solidified solutions of allotropic modifications 
of the metals in each other. The curves representing the conductivity of the different 
series of these alloys nil have the typical form ; and the decrement in conductivity 
between 0° and 100° C. agrees with the theoretical amount. 

In the third group of alloys, the rapid decrement in the conductivity of those alloys 
of the several series which contain but very small amounts of a metal belonging to class 
A, cannot be ascribed to the existence of chemical compounds of the metals. For, in 
the first place, the amount of one of the metals in the alloys corresponding to the turn- 
ing-points of the curves representing the conductivity of the series is too small, as will 
be seen by the following instances : 


Alloy. 

Bismuth-tin. 

Bismuth-lead. 

Silver. 


Percmtaf'r. 

till . . . 0*6 
lead . . 2*0 
tin . . . 2*6 


Again, the great similarity of the curves representing the conductivity of series of 
alloys belonging to this group, is opposed to the existence of chemical compounds in 
the solid alloys. 

Moreover, the relation between the amount of different metals belonging to class A, 
and the decrement in conductivity of the alloys, is equally opposed to suet* a view of 
their condition. Thus in silver-lead and silver-tin alloys, the decrements in conductivity 
corresponding to 0*9 per cent, load and 07 per cent, tin by volumo are equal, and in 
bismut h-lead and bismuth-tin alloys, the decrements corresponding to 0*4 per cent. voL 
lead and 0 62 per cent. vol. tin arc equal. (See Matthiessen, Phil. Trans. 1860, 
p. 171.) 

The influence exercised upon the conductivity of metals by the presence of small 
quantities of other metals does not appear tobedn any way determined by the altera- 
tion of crystalline form or tendency to crystallise which are known to be influenced by 
that circumstance. (See Matthiessen and- Vogt, Phil. Mag. 1 862.) 

If it be assumed that the metals belonging to class B undergo a molecular change 
when alloyed with one another or with metals belonging to class A, and that in each an 
allotropic condition is induced by a small amount of other metals, varying according to 
the different metals, then many of the phenomena characteristic of alloys may be 
explained. Thus, for instance, the curve representing the conductivity of zinc-copper 
alloys has the same form as those of other alloys belonging to the same group, and 
the percentage decrement in their conductivity between 0° and 100° C. is exactly what 
is indicated by the law above stated. Hence it may be inferred that solid alloys of 
zinc and copper ore only solidified solutions of zinc and of allotropic copper in each 
other. The different action of reagents upon alloys and upon the metals constituting 
them, when in an isolated state, may also be refenW to the existence of such allotropic 
modifications when they are alloyed, as well as to the existence of chemical compounds 
of the metals in the alloys. 

In the tin-gold series of alloys, the curve representing the conductivity has not the 
typical form of this group of alloys. Beginning from tin there is a gradual decrement 



METALS : ALLOYS. 


.944 

•* far as the alloy Sn*Au*,* then a gradual increment to the alloy Sn An, and then a da* 
cremeut to SnAu 1 ; and from the alloy containing 2*7 per cent, tin to pure gold, the 
increase of conductivity is represented by a straight line. These irregularities may ba 
regarded as indicating that the alloys corresponding to the turning-points of the curve 
are chemical compounds, for they have definite composition ; they contain largo 
amounts of both metals : Sn 4 Au* — 60 per cent. ; SnAu — 37 percent. ; and SnAu 4 -* 13 
per cent, of tin. Then the specific gravity of the alloy Sn*Au is almost equal to that 
calculated, while SnAu expands and SnAu* contracts more than any of the other tin- 
gold alloys. Moreover, the percentage decrement in tho conductivity of these alloys 
between 0° ami 100° C. does not conform to the law above stated (p. 943). Tin and 
gold also dissolve in each other very readily, with evolution of heat. 

Matthiesscn thus classifies the solid ulloys composed of two metals according to their 
chemical nature. 

t. Solidified solutions of one metal in another— lead-tin, cadmium-tin, zinc-tin, lead- 
cadmium, and zinc-cadmium alloys. 

2. Solidified solutions of one metal in the allotropic modification of another — lead- 
bismuth, tin-bismuth, tin-copper, zinc-copper, lead-silver, and tin-silver alloys. 

3. Solidified solutions of allotropic modifications of the metals iu each other — 
bismuth-gold, bismuth-silver, palladium-silver, platinum-silver, gold-copper, and gold- 
silver alloys. 

4. Chemical compounds of the alloys corresponding to Sn s Au, Sn'Au and Au*Sn. 

5. Solidified solutions of chemical compounds in each other — tho alloys intermediate 
between those corresponding to the above formulae. 

6. Mechanical mixtures of solidified solutions of one metal in another — alloys of 
lead and zinc containing more than 1*2 per cent, lead or 1*6 per cent. zinc. 

7. Mechanical mixtures of solidified Holutioits of one metal in the allotropic modifi- 
cation of another — alloys of zinc and bismuth containing moro than 14 per cent, zinc 
or more than 24 per cent, bismuth. 

8. Mechanical mixtures of solidified solutions of allotropic modifications of tho two 
metals in each other — most of the silver-copper alloys. (Mattliiesse n, Brit. Ass. 
1863 — Report on the Chemical Rature of Allot/#, pp. 37-48.) 

In accordance with the rule generally obtaining in respect to chemical combination, 
the metals which present the greatest difference in their general chemical characters 
are the most capable of existing in combination with each other, and of forming de- 
finite compounds. Thus arsenic, antimony, &c., which are the most chlorous of tho 
metals, form numerous definite compounds with tho more basylous metals— silver, 
copper, iron, nickel, cobalt, &e., many of which compounds occur native. (Bee 
Arsenides and Antimonidks, i. 310, 370, 691, 1041 ; ii. 41 ; iii. 368, 632.) 

Some arsenides lose arsenic when heated out of contact with air ; but by heating in 
contact with air they are converted into oxides or basic arsenates, while ursomous 
acid is volatilised. 

These compounds are often formed in metallurgical operations with arsenical 
minerals containing cobalt, nickel, or iron, and collect in a separate layer between the 
reduced metal and the sulphides. 

The physical characters of alloys, though they always retain the prominent cha- 
racters of metals, are in some respects very different from those of tho metals they 
contain, and which render these latter useful in the arts. Thus tho alloy consisting 
of copper with half its weight of zinc, is much harder than pure copper, and at tho 
same time sufficiently ductile (see Brass, ii. 4 7 it seg.f The alloy of copper with one- 
ninth its weight of tiu is much harder than copper, is well calculated for casting, and 
has sufficient tenacity for the construction of ordnance (sec Bronze, ii. 43 it seg,). 
The alloy of copper with ono-ninth its weight of aluminium is hurd, tenacious, and 
malleable (see Aluminium Bronze, i. 156). The alloy of copper with one-fourth its 
weight of tin is very hard, and being highly sonorous is well suited for bellip &c. The 
alloy of copper with half its weight of tin is white, and capable of receiving such a high 
polish as to be suitable for the reflectors of telescopes. (See Speculum metal, ii. 43.) 

The alloy of lead with one-fourth its weight or antimony is readily fusible, much 
harder than lead, but not brittle like antimony-bismuth or zinc, and is well suited by 
these characters for type-founding (seo Type-metal, i. 316 ; iii. p. 632).^ Other alloy* 
will be found described under the heads of the several metals f Ivy contain. 

The chemical action of reagents upon alloys is sometimes very different from tlieir ac- 
tion upon metals in the separate state ; thus platinum, when alloyed with silver, is readily 
dissolved by nitric acid, but is not affected by that acid when unalloyed. On the con- 
trary, silver, which in a separate state is readily dissolved by nitric acid, is not dis- 
solved by it when alloyed with gold in proportions much less than one-fourth of the 
alloy by weight. 


* S s IIS ; Au — litf. 
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Analysis of Alloys . — The number of metals which enter into the composition of the 
various alloys used in the arts is not very considerable, and in most ordinary cast* 
the following systematic mode 6f testing alloys will serve to afford indications of what 
metals they contain. 

The finely divided substance is covered with strong nitric acid in a glass flask, and 
the reaction is assisted by the application of a gentle neat 

I. No reaction takes place, and 

A« The substance remains unaltered, indicating the probable absence of all metals 

but fold and platinum. 

II. A reaction takes place, red nitrous fumes being evolved ; and in this case: 

8. Solution of the substance takes place without any residue being left, indicat- 
ing the absence of gold (platinum T), antimony’ and tin. 

1. The solution may contain all the other metals likely to be present in alloys, Ac. ; 

copper, lead, silver, Dismutb, mercury, arsenic, xlnc, nickel, cobalt, iron, 
aluminium. 

C. The solution is partial, and the residue is — 

2. Metallic , or a black powder , indicating the presence of gold, platinum, and 
perhaps antimony and tin in small proportions. 

3. White , indicating the presence of antimony or tin* and perhaps gold and 
platinum in small proportions. 

X>. No solution takes place, indicating the absence of all metals but gold, plati- 
num, antimony, tin, and perhaps silver and lead in small proportions. The 
residue may be — 

4. White , indicating the same as 3. 

The solution, 1, is in all cases to be treated in the same maimer. When a residue 
remains undissolved, it is to be separated by decanting off the clear liquid, or by 
filtration after the excess of acid has been removed by boiling the liquid. The 
metals are then to be tested for in the clear solution. See Analysis, i. 216. 

When, on treatment with nitric acid, there is produced an insoluble residue, 3, it is 
to be collected upon a filter, washed, and tested for tin antimony, &e. (See i. 322.) 

When the substance is not acted upon by nitric acid, and when it is but partially 
dissolved, the residue, 2, or the unaltered substance, is to bo treated with a mixture of 
three parts hydrochloric acid and one part nitric acid. 

The result of this treatment may be either — 

6. Partial solution and the separation of a white insoluble powder, chloride of silver, 
or (less probable) chloride of lead. 

6. Complete solution . Both in this and the previous case, the metals belonging to 
this group A will bo dissolved, and the solution may contain gold and platinum, 
which should be tested for in the usual manner. (See Analysis, i. 215. and Gold. 
ii. 928.) 

The chloride solution, 5 and 6, may also contain metals which are only partially 
dissolved by nitric acid when alloyed with gold or platinum. B. II. P. 

MITALLUSar. Hut ten k unde. Metallurgie. — The art of extracting metals from 
the various minerals found in the earth, and of converting them into forms suitable for 
the purposes of the arts, which constitutes metallurgy Tg its widest range, comprises 
a number of operations which are of a purelyTneehanical nature, and which do net 
come within the province of this work. But many of the most important operations of 
metallurgy involve processes which are ess&tially chemical, and it is to the considera- 
tion of the general principles upon which these operations depend, that attention will 
be directed in this article. Information on the mechanical sections of Metallurgy w31 
be found in lire's Dictionary of Arts , Manufactures , and Mines ; articles Metallurgy, 
Mining, and Ores, Dressing of. 

The metals which are largely used in the arts, vis.: Iron, sine, copper, lead, tin, 
antimony, bismuth, nickel, mercury, silver, gold, platinum, are, with the 
exception of the last two, chiefly found in the state of chemical combination with other 
substances, constituting a variety of minerals, among which those containing a suffi- 
ciently considerable amount of the several metals to admit of their being profitably ex- 
tracted, arecalled ores, when they occur in sufficient abundance for metallurgie purposes. 

The production of the alkali - and earth -metals, which is now earned on more 
extensively than it was, is a branch of industry appertaining rather to the chemical 
manufactory than to metallurgy ; this is also the case with regard to the production of 
the compounds of cobalt, chromium, and arsenic which are manufactured from 
the ores of these metals. 
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The metallic compounds which are most frequent as ores are : — 

1. Oxides. Either simple, such as stannic oxide in tin-stone, ferric oxide in haematite, 
or compound oxides, sucn as ferroso-ferrio oxide in magnetic iron ore, and some saline 
compounds, as carbonates, and, in small quantity, silicates, sulphates, &c. 

2. Sulphides . Either simple, such as galena, blende, grey antimony; or compound 
sulphides, such as copper pyrites, zinkcnite, miargyrke. 

3. Arsenides. Generally in Biuall quantity, and mixed with other ores. 

These compounds rarely occur in a separate state, but are more or less mixed with 
other minerals in which they are imbedded. Gang (Gangue; gangart), constituting 
masses which are situated in more or loss horizontal or vertical positions relatively to 
the rocks they are associated with, and are accordingly distinguished by the terms 
bed ( Lager ; a mas), or lode (Gang ; filon). 

The admixtures generally met with in ores are either minerals containing other 
metals than that of the ore they are associated until, or they are minerals which do 
not contain any of the metals commonly used for technical purposes, as for instunre 
quartz, some one of the numerous mineral silicates, felspar, hornblende, mica, &o. ; 
carbonates, calc-spar, bitter spar, limestone, &c. ; sulphates, heavy spar ; fluorides, &i\, 
and portions of the rocks adjoining the lode or bed. Sometimes these latter admixtures 
are useful in the operations by which the metals are extracted; sometimes they require 
to be separated mechanically by various preliminary operations. (See Onus, Dukssino 
of: U re 6 Dictionary of Arts , Manufactu n s, and Mines, iii. 312.) 

When the ores of a metal contain admixtures in small proportion of other metal- 
liferous minerals, the operationally which the metal is extracted are in some cases con- 
siderably modified, with the view of effecting a separation of the foreign metals; either 
on account of their value, as in the case of argentiferous lend and copper ores, or because 
of their prejudicial influence upon the qualities of tho metal to bo obtained from tho 
ore. (See Copper, ii. 32 ; Lead, iii. .004 it w<o.) 

The physical characters of the metals which it is the object of metallurgical opera- 
tions to obtain, render it necessary that in most eases they should be melted before 
being used for practical purposes, and the chemical nature of their ores is such ns to 
require tin* influence of powerful chemical agencies to effect tho separation of tho 
metals from the substances they are combined with. For these reasons, tho action of 
heat in augmenting tho chemical activity of substances has been had recourse to ill 
most of the melallurgic operations by which chemical changes are to be effected in 
the ores or other materials operated upon, and the extraction of metals from their 
ores has therefore been commonly termed smelting. Hut there are other methods by 
which many metals may bo extracted, and by which certain of thorn are to some extent, 
extracted from their ores without the aid of heat. According to those methods, the 
ores arc first operated upon in such a manlier ns to convert the metal they contain 
into u compound soluble in water, and from tho solution tho motal is separated 
either by the action of another metal upon tho solution, or by galvanic action 
(Ei.kctro-Mbtali.uroy, Urds Dictionary of Arts, Manufactures, and Mines, ii. 8K). 
The influence of electricity, however, is chiefly applied in the working of certain metals 
for particular purposes, as in electroplating, and has not yet been rendered 
available in tho extraction of the ordinary metals from their ores. Among the other 
methods of extracting metals from their ores in the wet way, the precipitation of 
copper (ii. 36) and the extraction of silver from its ores by means of sodium -chloride, 
nfter tho silver in the ores has been converted into chloride (see Silver), as well as tho 
working of platinum and go’.d ores by nitro-hydrochloric acid, are tho only methods 
of this kind which are carried on to any extent. 

In motallurgic operations, conducted, as is usually the ease, in the dry way, or with- 
out the presence of water, and with the aid of a high temperature, there are two mod* * 
in which chemical alterations are brought about in the ore or other materials operated 
upon, viz. melting and roasting. In the one case the material is mixed Vith somo 
substance which decomposes it, when one or other of them is rendered liquid by 
heat. Thus, for example, galena and metallic iron melted together yield metallic lead 
and iron-sulphide. When galena is molted with litharge or lead-sulphuto in suitable 
proportions, there are produced metallic lead and sulphurous acid (me ante, p. 482). 

A similar reaction takes place when cupric sulphide and cupric oxide are melted 
together. (See Copper, ii. 23 ct scq.) 

In the other operation, viz. roast ing, the ore, or other material, is subject od to tho 
joint action of heat and of a gaseous substance capable of producing a chemical altera- 
tion calculated to facilitate a subsequent operation. Thus, for instance, in copper 
smelting, the owe consisting of sulphides, are roasted in contact with atmospheric air 
so as to* convert them to a great extent into oxides, and in the sul»sequent melting 
operation the cuprous oxide U again converted info sulphide by reaction with the 
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iron-sulphide remaining unoxidised, and is thus separated from the ferric oxide 
produced in the roasting. In the smelting of lead also, the galena is first roasted in 
contact with atmospheric air, and is thus partially converted into oxide and sulphate, 
which, in the subsequent melting operation, react with the remaining sulphide as above 
indicated. 

In some cases the operation of melting is conducted with the view of effecting 
oxidation, as in the separation of antimony from gold, or of lead from gold and silver 
in cupeilation (see ante, p. 508 et seq.). Roasting also is sometimes conducted with 
the object of effecting reduction, as in the conversion of metallic sulphates and arsenates 
into sulphides and arsenides by means of carburetted gases. But, as a general rule, 
the chief ultimate effect produced by roasting is oxidation, or some corresponding 
change ; while the ultimate effect produced by melting is most frequently reduction. 
These operations are in some way involved in the extraction of all metals from t^eir 
ores ; a description of the general conditions under which they are conducted, and the 
general features of the chemical processes which take place under those conditions, will 
therefore exhibit the chief chemical principles of metallurgy. More detailed informa- 
tion will be found under the heads of the respective metals. 


Roasting of Ores and Metallurgy Products. 

Ores and intermediate products are roasted either in the state of coarse powder, or 
as large lumps, according to their nature. The degree of heat applied is not in any 
ease sufficient to cause fusion, or aggregation of the mass, and sometimes it is neces- 
sary to keep the material operated upon stirred about, so as to expose fresh surfaces to 
the action of the gas by which chemical alteration is effected. 

Roasting is conducted, sometimes in kilns, sometimes in reverberatory furnaces spe- 
cially constructed for the purpese, and sometimes the materials arc merely piled up in 
heaps with alternate layers of fuel, which arc ignited and allowed to burn slowly until 
consumed. 

Oxidising roasting is always effected by means of a current of heated atmospheric 
air made to pass over the material at a suitable temperature. The ehemical change pro- 
duced by roasting is either a mere combination with oxygen, as in roasting magnetic 
iron ore, which is thus converted into ferric oxide; or it maybe attended with the 
separation, more or less complete, of some constituent of the material operated upon, 
as in roasting sulphides, when a portion of the sulphur is converted into sulphurous 
acid and volatilised, while the metal is converted into oxide, and another portion of 
the sulphur is oxidised into sulphuric acid, which remains combined with the metallic 
oxide. 

The different metallic sulphides present very different characters under these condi- 
tions : thus — 

Iron-protosulphide is partially converted into ferrous sulphate: this at a higher 
degree of heat is decomposed into sulphurous acid, which is volatilised, and basic ferric 
sulphate, and ferrous oxide. At a still higher temperature the basic sulphate may be 
also decomposed, yielding at last ferric oxide. In operations on the large scale, how- 
ever, it is very difficult to effect the entire separation of sulphur from iron-sulphide 
by roasting, even when the material is finely divided, the heat gradually applied, and 
the surface frequently changed by stirring meanwhile. 

Zinc-sulphide undergoes oxidation very slowly, yielding a mixture of sulphate and 
oxide, which at a higher temperature loses sulphuric acid, and may be eventually con- 
verted into pure oxide. This result, however, is more difficult to obtain than in the 
ease of iron-sulphide; but the roasting of zidtSsulphide is not so troublesome, inasmuch 
as it is less liable to undergo partial fusion than iron-sulphide is. 

Copper-sulphide , when carefully roasted, is converted into a mixture of cuprous 
oxide and cupric sulphate. So long as sulphurous acid is being produced by the 
oxidation of sulphur, cupric oxide cannot be formed : for cupric oxide heated in con- 
tact with sulphurous acid is partially reduced, cuprous oxide and cupric sulphate being 
produced ; but so soon as all the copper-sulphide has been converted into such a mix- 
ture, the cuprous oxide begins to be further oxidised. At a higher temperature, the 
cupric sulphate undergoes decomposition, sulphuric acid being more or Jess expelled. 
In the imperfect roasting of copper-sulphide, which is generally effected when ores 
containing that substance are operated upon on the large scale, the result is a mixture 
of cuprous oxide, cupric sulphate, copper-sulphide, and metallic copper. The latter 
appears to be produced in those places where the cuprous oxide is more highly heated, 
while surrounded by an atmosphere of sulphurous acid, than would be sufficient to 
reduce cupric oxide to cuprous oxide under the same condition. 

Lead-sulphide is difficult to roast, since it is very liable to aggregate together, 
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yielding a mixture of lead -sulphate and lead-oxide, from which the sulphuric acid 
cannot be expelled, even when it is heated so high aa to melt 

Bismuth-sulphide is so fusible that it is very difficult to roast completely. 

Antimony- trisulphide is also very difficult to roast for the same reason. There is 
generally produced a mixture of trioxide, pentoxidc, and sulphide of antimony. If the 
heat be high, a portion of the nentoxide is volatilised. 

A rstn ic~ sulpktdc and trisulphide arc decomposed by roasting, yielding arsenious and 
Bulphurous acids, both of which are volatilised. 

Mercttrf-tuJpkidc is converted by roasting into metallic mercury and sulphurous notil. 

Gold-sulphide undergoes the same alteration by rousting, 

Silver-stuphide is entirely converted into metallic silver. But when it is must<*d 
together with other sulphides, such as iron- or copper-sulphide, some silver-sulphate is 
always produced, which by increase of temperature is decomposed into metallic silver, 
sulphurous acid, and oxygen. 

Nickel-sulphide can be easily converted by roasting into a mixture of nickel-oxide 
and peroxide, with only a small admixture of unaltered sulphide. .So long as sul- 
phurous acid is generated abundantly, nickel-oxide only is produced, and this after- 
wards becomes peroxidisod. 

Cobalt-sulphide behaves iu a similar manner to nickel-sulphide, except that some 
cobalt-sulphate is always produced. 

In the roasting of sulphides, modifications of the chemical changes are often effected 
when reducing gases, such as earl>onie oxide or hydrocarbons, are mixed with the at- 
mospheric air ; also, perhaps, when water vapour is present, as is almost always the 
case in this operation as conducted on the large scale. 

The precise chemical alterations which arsenides and phosphides undergo 
when subjected to oxidising roasting, arc less known than those of sulphides; but, as 
a general rule, arsenic is more difficult to separate than sulphur, and phosphorus can 
be separated only to a very small extent, on account of the stability of phosphoric acid 
at high temperatures. 

Volatilising- roasting. The sulphides containing the largest proportions of sul- 
phur, such as iron-pyrites, &<*., loso part of their sulphur by direct decomposition, in 
consequence of the mere action of neat. Hydrated compounds, carbonates, &r\, are 
also decomposed in the same manner. But more generally the volatilisation of some 
constituent of the material roasted, is the result of previous chemical alteration, nml 
its conversion into a volatile compound by the chcmicul action of the atmosphere in 
which the operation is conducted. 

Chloridlsing roasting is effected by meuns of nn atmosphere containing 
chlorine, hydrochloric acid, or chlorides. Silver ores are often subjected to this treat- 
ment, to convert the silver into chloride. At the sumo time, iron is partially volatilised 
us ferric chloride ; arsenic, antimony, zinc, tin, bismuth, mercury, chromium and sulphur 
arc also volatilised as chlorides. 

Reducing roasting. When iron ores are heated in an atmosphere of reducing 
gases, such as carbonic oxide or hydrocarbons, metallic iron is produced; and in iron 
smelting this change always precedes the actual molting. When such ores contain zinc 
as well as iron, both metals are reduced, and the zinc is volatilised at a sufficiently 
high temperature. Under similar conditions arsenates and arsenitoa yield a portion of 
their arsenic in the metallic state. This is also the case with antimonates, tellurutos, 
nclenates, or sulphates. 


Melting of Metallurgical Products for the Extraction and .Separation 

of Metals. 

Ores are rarely subjected to the operation of melting without having previously 
undergone some other treatment, such as roasting, &c. This preliminary treatment i m 
in some cases only the earliest stage of the melting operation, a* in the smelting of 
iron ores, which, in the upper parts of the blast-furnace, are subjected to the action of 
heat and reducing gases before sinking down to that part of the furnace where fusion 
takes place. (See Iron, ante, pp. 367, 364.) But in such cases, the chemical nature of 
the processes involved in the roasting and the melting is exactly the same as when 
these operations are conducted separately. 

Tho chemical alterations which take place in the operation of melting sometime* 
result in the separation of a metal in the state of regulus, sometimes only 
in the partial separation of the substances combined with it, and the production of a 
matt ( Stein ; matte), or compound containing a larger proportion of metal than the 
material operated upon. (Sec Copper, ii. 23 it srq.) These result* are often duo 
solely to the mutual action of the several constituents of the ore, which has undergone 



METALLURGY. 

%jj*eporatory treatment of roasting, &c. ; but hi most cases it is necessary to add some 
irubetance by means of which the desired result may be produced. The kind of sub- 
stance to be added will of course be determined by the nature of the material to be 
operated upon, and by the kind of chemical alteration to be effected. Thus in smelting 
antimony ore, consisting of the trisulphide, it is mixed with scraps of metallic iron, by 
reacting with which it yields metallic antimony and iron-sulphide. 

In all cases it is essential that in the melting operation there should be not only a 
chemical alteration of the materials, but also a physical separation of the resulting 
products. It is not often that this can be effected by the volatilisation of some one or 
more of the products. More frequently they are all fixed, and in this case they can be 
obtaii&d separate only when they differ in specific gravity, and arc also incapable of 
mixing with each other while in the liquid state. It is therefore always necessary, 
that in melting operations the whole of the materials should be rendered so liquid 
that such a separation may readily take place. The high specific gravity of themetfUs 
which it is the object of the metallurgist to obtain, is favourable to their separation 
as regulus, from the other products of the melting operation. The sulphides of these 
metals are also sufficiently dense to separate readily in the state of matt from most of 
the other products of melting, though their specific gravity is less than that of the metals. 

With the object of facilitating the separation of the several products of the chemical 
action which takes place in melting operations, the ore or other material is generally 
mixed with some substance which has the capability of facilitating the liquefaction of 
the products formed, and their separation into distinct layers. Such an admixture 
added with the object of rendering some part of the material operated upon capable of 
being melted, or more readily fusible than it would be otherwise, is termed a flux 
( ZiUfchlag ; fondant). 

In the first melting of ores consisting chiefly of metallic sulphides, the product 
obtained is not always the metal, even when the ore has been previously roasted. More 
frequently a matt or mixture of sulphides is obtained, and if any metal is reduced to 
the state of regulus, the matt forms a separate layer above it. In melting ores con- 
taining much antimony, arsenic, &c., together with other metals, a third layer is some- 
times formed, which separates between the regulus and the matt, and is called Sprite. 

13ut ores very generally contain, besides the actual metalliferous portion, a variety of 
siliceous or earthy admixtures, originating from the rocks and minerals with which 
they are naturally associated. These admixtures cannot be entirely separated by 
mechanical means, and since they are generally infusible or difficult to melt, they re- 
quire to be converted into compounds which are sufficiently fusible, and of less specific 
gravity when melted, than the other products to be obtained. The fluxes added with 
this object are generally either — 

Siliceotis, such as qty^rtz, sandstone, &o., or 

Earthy, such as lime, limestone, clay, &<*., according to the nature of the sub- 
stances to be separated ; by this means a fusible vitreous compound consisting of 
earthy silicates is formed, which is termed slag. Sometimes special fluxes are used, 
such as fluor-spar, alkaline salts, &c. (see p. 952). 

The addition of fluxes in the melting operation is also advantageous in facilitating 
til© fusion of the material operated upon, and the separation of the several products 
formed. Moreover, the resulting slag, being of less specific gravity than the other 
products, collects above them, and thus furnishes a protection against the oxidising 
action of the furnace gases, which is often a further advantage. 

The melting operation is generally conducted either in shaft furnaces, where 
the materials uro mixed with the fuel, or in reverberatory furnaces, where they 
ere heated in a separate chamber by means of the flame ami gaseous products of com- 
bustion. Sometimes crucibles are used in oreUr to keep the materials entirely out of 
contact with the fuel. 

deducing melting is generally effected, in the case of metallic oxides, by tlia joint 
notion of heat and the carbon, carbonic oxide, hydrocarbons or hydrogen contained in or 
resulting from the combustion of the fuel used in the operation. By reason of the un- 
equal degrees of chemical stability of the several metallic oxides, the temperatures at 
which they a re. reduced by those substances differ considerably. The oxides of lead, 
bismuth, antifftony, nickel, eobalt and copper are reduced by carbon within the range 
©Pfcd heat ; while those of iron, manganese, chromium, tin, and zinc require more 
or less intense degrees of white heat. 

lie mode in which reducing melting is conducted varies according a# the oxide is 
easily fusible or infusible at any temperature that can be attained in the operation. 
In the first case the material can be intimately mixed with carbon ; in the second case 
this cannot be effected, and the reduction is to a great extent due to the carbonic oxide 
resulting from the combustion of carbon with a scanty proportion of air. (See Ixox, 
p. 358.) 
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The 'reduction of metallic sulphides by melting is effected principally byVMaiNM; 
metallic iron. Lead-sulphide melted with iron in equivalent proportions yi^K 
metallic lead, and iron-sulphide. With two equivalents of iron, there are produced 
metallic lead and iron-sulphide containing metallic iron mechanically mixed. Zinc- 
sulphide is completely decomposed by iron, but a very high temperature is required. 
Cuprous sulphide is partly decomposed by melting it with metallic iron, and there are 
produced a matt consisting of cuprous sulphide and iron-sulphide, and some metallic 
copper. The sulphides of copper nnd iron yield, on the contrary, a mutt consisting of 
cuprous sulphide, iron-sulphide and m< tallie iron. Lead-sulphide with two equivalents 
of copper yields a matt consisting of cuprous sulphide and metallic lead. Equal equi- 
valents yield metallic lead and a mat t consisting of cuprous sulphide and lead-sulphide. 

Similar reactions take place between zinc-sulphide and copper. 

Lead-sulphido is entirely decomposed by melting with an excess of tin, but in equal 
equivalents it is only partly decomposed, and there are produced an alloy of tin and 
lead and a matt consisting of tin- sulphide and lead-sulphide. 

The metals of the alkalis exercise a much more energetic action upon metallic sul- 
phides when melted with them, and though they cannot bo employed in ordinary 
metallurgical operations, a similar action may be produced to some extent by means of 
a mixture of the alkalis and carbon (black flux). Thus, when a metallic sulphide is 
melted with a sufficient quantity of alkaline earth or alkali mixed with carbon, the 
metal is reduced, since the sulphur combines with the alkali- or earth-metal, while the 
oxygen of the latter combines with carbon. When an alkali is used, more or less of the 
metallic sulphide generally remains undecom posed and dissolved in or combined witli 
the alkaline sulphide. 

Oxidising- melting is practised with the object of separating one metal from 
another, or of separating sulphur from metallic sulphides by converting the sulphur, or 
the metal to be removed, into oxides, which may either be volatile as sulphurous acid, 
fusible as oxide of lead, or capable of being rendered fusible by combination with cer- 
tain substances added as fluxes. 

Atmospheric air is tho oxidising agent most commonly employed ; but sometimes 
other substances are also used, which are capable of yielding oxygen at a high tempe- 
rature, especially when in the liquid state and in contact with the substances to bo 
oxidised. Among these are lead-oxide and oxy -salts, cupric sulphate, ferrous sulphate, 
basic ferrous silicate, nitrates, &c. 

The following examples will servo to illustrate tho mode in which these oxidising 
agents are employed in the melting operation. 

Atmospheric air . — Compounds of gold or silver with antimony, arsenic, or sulphur, 
when melted in a sufficiently heated current of utmosphcric air, arc decomposed, and 
the metals are obtained in the pure state. 

When atmospheric air is passed over the surface of melted itopper containing iron, 
cobalt, lead, antimony, arsenic, and sulphur, tho llirec latter nro volatilised as oxides, 
and a more or less liquid layer or scum collects upon the surface of tho metal, consist- 
ing of ferric oxide, cobalt- and lead-oxides, antitnonic oxide, and cuprous oxide, until 
the copper remains almost pure. The greater tho quantity of lead in proportion to tho 
other impurities, tho more liquid is tho layer which collects on the surface; and the 
smaller it is, tho thicker is this scum. In both cases tho scum must bo removed from 
time to time, so that a fresh metallic surface may bo exposed, and if it is not sufficiently 
liquid to be removed by the current of air, the edges of the convex surface of melted 
metal where it principally collects must be raked off. 

When alloys of gold or silver with lead or bismuth arc exposed in a melted state to 
a current of air, the latter metals arc oxidised, nnd pure gold or silver remains, together 
with a slag of lead-oxide. A portion of the oxide is volatilised, and in the case of 
silver-alloys especially, a small quantity of this metal is also volatilised. When small 
quantities of other metals, such as iron, cobalt, copper, &c., are present in such alloys, 
they are oxidised, and the oxides are dissolved by the oxide of lead or bismuth. 

When a compound of arsenic, iron, cobalt, and nicked is melted in a current of air, 
so that the ferric oxide and cobalt-oxide produced may be dissolved by melted borax, 
partly covering the surface of the melted metid, arseniferous nickel may be obtained; 
but the whole of the arsenic cannot be separated, because, in proportion as it is sepa- 
rated, the melting point of the remaining metal becomes higher, and it finally sol idiflei* 

Lead-oxide . — When litharge is melted with easily oxidisablc metals, they are oxidised 
by the decomposition of the lead-oxide, a part of the lead-oxide is reduced, and a slag 
consisting of lead-oxide and the oxide of the metal is produced ; but the perfect oxida- 
tion of metals possessing little affinity for oxygen cannot be effected in this way, with- 
out using a large excess of litharge. 

Metallic sulphides or arsenides melted with litharge, yield sulphurous and arsemoos 
acid, which an> volatilised, and alloys of the metals with lead. 

Vol. IIL 3 P 
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>lron-sulphide melted with thirty parte by weight of litharge is entirely oxidised, 
sulphurous acid being volatilised, while the iron remains probably in the state of ferroso- 
ferric oxide combined with the excess of lead-oxide, forming a slag which collects over 
the reduced lead. With less lead-oxide the decomposition is incomplete, and a part of 
the iron-sulphide passes into the slag. 

The oxidation of cuprous sulphide in this way requires 25 pts. by weight of litharge 

The oxidation of copper pyrites requires at least 30 pts. of litharge. When less is 
used, the copper-sulphide remaining undecomposed is not dissolved by the slag con- 
sisting of lead-oxide and cuprous oxide, but forms a matt with a portion of the 
metallic lead. 

Antimony- trisulphide is entirely decomposed by melting with about twenty-five 
times its weight of litharge, yielding antimonic acid and sulphurous acid. 

Tin-sulphide requires for perfect decomposition 30 pts. of litharge. 

Zinc-sulphide requires 25 pts. of litharge. ^ 

Bismuth-sulphide when melted with litharge yields sulphurous acid and an alloy of 
bismuth and lead, but no bismuth-oxide. # 

Lead-sulphide is decomposed by melting it with about twice its weight of litharge, 
the whole of the lead being separated in the metallic state, while sulphurous acid is 
volatilised. When the lead-sulphide is in excess, it mixes with the metallic lead. 

Arsenic-trisulphide melted with from 50 to 60 pts. of litharge is completely oxidised, 
yielding sulphurous acid and arsenious acid. 

Other metallic oxides react with metallic sulphides in a similar manner to litharge, 
and, as a general rule, when a metallic sulphide is melted with a metallic oxide, the 
former is oxidised to a greater or less extent, and the relative quantity of the oxide 
produced depends upon, 1st, the relative quantity of oxide used, and 2nd, the relatively 
chlorous and basylous characters of the metals and of sulphur and oxygen. 

Lead-carbonate acts in the same manner as lead-oxide upon metallic sulphides and 
oxides. 

Lead-silicate also acts in the same manner, but a much larger quantity is required to 
produce the same effects as litharge. The slags produced in this case are double sili- 
cates containing both metals. 

' Lead-sulphate is a still more powerful oxidising agent than litharge, since the de- 
composition of its sulphuric acid yields an additional quantity of oxygen. When it is 
melted with lead-sulphide in duo proportions, the products are only metallic lead 
and sulphurous acid. 

Cupric sulphate heated with metallic sulphides generally exercises an oxidising 
action like lead-sulphate. 

Copper-sulphide heated with cupric-sulphate is converted into copper, cuprous 
oxide, cupric oxide, basic cupric sulphate, &e., according to the proportions and tem- 
peratures. Silver-sulphide is also converted into sulphate in the same way ; but me- 
tallic silver may be separated by the action of cuprous oxide. 

Ferrous sulphate acts in a similar manner with metallic sulphides. 

Nitrates are too costly to be generally used in metallurgical operations, though they 
are the most powerful oxidising agents in melting operations. 

Basic ferrous silicate is one of the most important oxidising agents in metallurgical 
operations. For instance, when iron containing carbon, silieium, sulphur, and other 
readily oxidable substances, is strongly heated with a melted basic ferrous silicate, half 
of the ferrous oxide is decomposed, and the oxygen thus eliminated combines with the 
above-named impurities of the iron, forming carbonic oxide, silica, and sulphurous acid. 

Solvent melting 1 is practised chiefly with the object of separating certain parts of 
the materials operated upon in the extraction of metals. The substances used for 
this purposo are principally metallic oxides*" silica, alkaline and earthy salts, silicates, 
metals, and sulphides. , . , . , , 

Metallic Oxides .— Easily fusible oxides, such as lead-oxide, &c., melted with other 
less fusible oxides, at sufficiently high temperatures, dissolve the latter to a greater or 
less extent, sometimes forming saline compounds. Certain sulphides are also dis- 
solved by lead-oxide and bismuth-oxide without decomposition, forming compounds 
termed oxysulphides. In metallurgical operations, it is only the solvent action of 
lead-oxide which is of special importance, and that chiefly in the purification of silver. 
(See p. 951.) 

As a general rule, all oxides which are readily fusible, like bismuth or antimony 
oxides, may be mixed with lead -oxide in all proportions by fusion, but the less fusible 
oxides yield with lead-oxide difficultly fusible mixtures. 

Tin-sesquioxide dissolves in four parts by weight of lead-oxide, forming a viscid 
liquid ; with eight parts of lead-oxide it forms a very fusible mixture. 

Zinc-oxide dissolves in seven parts of lead-oxide, forming an easily fusible mass. 

Ferric oxide dissolves in four parts of lead -oxide, forming a viscid liquid. 
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Cum oils oxide writli one and a half times its weight of lead-oxide forms a very 
liquid compound, and is probably soluble to a still greater extent. 

Among the metallic sulphides, those of gold, silver, copper, &c. t do not dissolve in 
melted lead-oxide (see above). All the other sulphides are more or less dissolved 
by it. Antimony trisulphide appears to be especially soluble in lead-oxide. 

Metals.— Lead is the metal principally used as a solvent in certain melting opera- 
tions. It has the property, when melted with argentiferous and auriterous sulphides 
m due proportion, and by sufficiently intimate mixture, of dissolving out the silver 
and gold. This effect is due to the decomposition of the gold and silver sulphides 
by lead at a high temperature, in such a manner that these metals arc eliminated 
whue lead-sulphide is formed, while, at the same time, there is scarcely any decom- 
position of iron-sulphide or copper-sulphide in the same way. The produets of the 
melting are therefore argentiferous or auriferous h ad containing lead-sulphide, and 
a matt consisting of copper-sulphide and iron-sulphide, Hold or silver may also be 
extracted from metallic copper by means of lead, but in a less direct manner. Doth 
the gold or silver and the copper are dissolved by the melted lead ; but in the solidi- 
fication of this mixture, the greater part of the lead separates, and there is produced a 
mechanical mixture of lead containing gold or silver, and of an alloy consisting of 
lead with three times its weight of copper, containing much less silver. When this 
mechanical mixture is heated to tho uniting point of lead, this metal may be sepa- 
rated, together with tho gold and silver, while the copper-lead allnv remains behind. 

Metallic sulphides , such as iron-sulphide, &c., may bo used in the same manner as 
metallic lead for extracting gold or silver from ores or metallurgic products. Thus 
when silver ores containing largo admixtures of gang, in the melting of which alone the 
greater part of the silver would pass into tho slag, are melted with iron-sulphides, the 
silver is dissolved as sulphide, and the gangue forms a slag containing but little silver. 

Silica is rarely used alone ns a solvent in the melting operation, silicates or 
earths being generally present, with which it forms compound silicates. Its action in 
such cases is therefore indirect, and depends more upon the nature of the silicate 
produced. (See p. 954.) 

Earthy oxides, such as baryta, strontia, lime, magnesia, and alumina, respectively form 
with silica sparingly fusible or infusible compounds, according ns tho basylous charac- 
ter of the earth in relation to silica, is greater or less, and according to the proportions 
of earth and silica. The fusible baryta-silicates contain from 30 to 70 per cent, 
silica; the others are infusible. Strontia-silicntes are much less fusible; that containing 
55 per cent, silica forms a white opaque mass. Among tho lime-silicates the limits of 
fusibility are between 25 per cent, and 47 percent, of lime. Magnesia-silicates, and 
especially alumina-silicates, are infusible, and soften only at a full white heat. 

Metallic oxides form compounds with silica which present similar differences in fusi- 
bility, according to the greater or less basylous character of the oxide in relation to 
silica and tho proportions in which they are combined. Thus ferrous silicates with from 
42 to 82 per cent, ferrous oxide, are easily fusible, while ferric silicates urn infusible. 
Cuprous silicate is fusible only when it contains 70 per cent, cuprous oxide. Cupric 
silicates are probably infusible, but on account of their liability to undergo reduction, 
they cannot easily bo produced. Zinc-silicates and tin-silicates aro infusible. Lead- 
silicates containing from 54 to 88 per cent, of load-oxide melt more or less easily. 
Bismuth-silicates are still more fusible. Antimony-silicates aro sparingly fusible. 

Alkaline carbonates dissolve most metallic oxides to some extent, the carbonic acid 
being also partly expelled at a red heat. With a sufficient excess of alkaline carbonate 
some of these compounds are easily fusible (Borthier). Ferrous oxide melted with 
6 pts. of potassium -carbonate yields a greenish crystalline mass. Ferric oxide appears 
to bo insoluble in melted alkaline carbonates. Tin-oxide fuses readily with 5 pts. by 
weight of potassi um -carbon ate ; zinc-oxide is less soluble. Cuprous oxide arid cupric 
oxide melt easily with 3 pts. of potassium-carbonate. Lead-oxide mixes in all propor- 
tions with melted alkaline carbonates. > 

Borax is a very efficient solvent in melting operations, but is too costly to be much 
used in metallurgy. Baryta, lime, magnesia, and alumina are dissolved in considerable 
proportions by melted borax, forming more or less fusible vitreous masses (Berth ier). 
Silica and fire-clay melt together with borax at high temperatures. All the metallic 
oxides which are not reduced by heat alone, are dissolved to a greater or less extent by 
melted borax. Ferrous oxide or ferroso-ferric oxide, melted with an equal weight of 
borax, forms a compact crystalline mass. Manganous oxide is dissolved in very consider- 
able amount by borax. Lead-oxide and borax melt together in all proportions. 

Fluor-spar is important as a solvent in melting operations, on account of its capa- 
bility of dissolving about half its weight of silica at a high temperature, without having 
any tendency to combine with or dissolve metallic oxides. Fluor-spar is, therefore, a 
Very suitable flux in the smelting of ores which are refractory on account of the silica they 
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contain. Fluor-spar also dissolves sulphates which are infusible or difficult to fiisa alone, 
such as heavy spar, gypsum, &c. Thus with pfc. barium-sulphate, 4 pts. anhydrous 
calcium-sulphate, or 10 to 15 pts. lead-sulphate, fluor-spar forms vitreous masses which 
are tolerably fusible. 

Silicates . — The earthy and alkaline silicates in a melted state have the capability 
of dissolving metallic oxides in considerable proportions, forming when cooled the 
vitreous or stony masses generally called slags. In metallurgic operations it is of 
importance that there should be a proper proportion between the silica and earthy 
bases in the materials from which the slag is produced in melting, in order that its 
solvent action upon the metallic oxides present may be neither too great nor too little. 
The former might be the case if there were too much silica ; the latter if there were too 
little. Siliceous slags are generally of such composition that the ratio of the oxygen 
in the bases to that in the silica is approximative^ either as 1 : 3, 1 : 2, or 1 : 1. From 
the nature of the silicates generally and from the circumstances under which slags a$e 
produced in metallurgical operations, it is of course rarely that they are definite 
chemical compounds. Slags may indeed contain definite compounds, but in almost all 
cases they are merely heterogeneous mixtures of such compounds with other adven- 
titious substances, and therefore the attempt to represent their composition by formulae 
is not only useless but deceptive. The utmost that can at present be said with regard 
to the composition of slags is, that there are certain tolerably constant relations between 
the fusibility, &c. of slags and the ratio of the oxygen in the bases to that, in the silica. 
The numerous analyses of slags from different metallurgic operations all afford ei’idence 
in favour of this view, and from among them the following selections will serve to re- 
present the general composition and limits of variation in slags. 


Names of Works. 

Blast furnace slags, from iron 
•melting. 

Slag* from copper smelting. 

• 

Lead slag. 

Creusot. 

Gesberg. 

Romas. 

Nafvcquare 

Freiberg 

S,ila. 

Analyst. 

Guenyvcau. 

Ongren. 

Sjogren. 

Johnson. 

Bred berg. 

Winckler 

Bred berg. 

Silica . 


39-5 

49-6 

6 8-6 

611 

31'4 

665 

514 

39*4 

I Alumina 


180 

15'0 

6 6 

6-4 

7 9 

9*4 

4*8 

6*2 

1 Ferric oxide 


30 








Manganous oxide 

trace 


2-8 

2'6 





Ferrous oxide 



3 0 

1*7 

3*3 

65*2 

6-2 

341 

17*2 

Lime . 


356 

300 

9*3 

19-8 


200 


1 7*8 

Magnesia . 


• • 


10-5 

7‘1 

4*5 

6*4 

*7*6 | 

19*1 



IBM 

976 

89*5 


990 

985 


99*7 

Ratio of oxygen ^ 

I 

mm 








in bases to oxy- 

! 

ini 

1:1*6 



1 : 1 

1: 2*6 


lilwM 

gen in silica , 

1 

m 







Wmm 


The solvent action of earthy silicates upon metallic oxides is especially serviceable in 
effecting the separation of the ferrous oxide, produced by the oxidising roasting of ores 
and certain products of metallurgic operations, such as copper- m a tts, &c. Thus when 
a mixture of ferric oxide, cuprous oxide, and a silicate containing excess of silica is 
subjected to reducing melting, the cuprous oxidy and the ferric oxide are both reduced, 
the former yielding metallic copper, and the latter ferrous oxide, which combine with 
the silicate, forming afusibleslag which admits of the metallic copper separating out and 
collecting together in mass below it. Manganic oxide, or cobalt-oxide, &c., would behave 
in the same manner as ferric oxide ; and any easily reducible oxide, in the same manner 
as cuprous oxide. 

Silicates also exercise a solvent action upon the ganguo mixed with ores. Thus for 
example, when an ore consisting of galena and gangue is melted, with addition of 
ferric oxide and suitable slags, the latter dissolve the gangue, the ferric oxide is 
reduced to ferrous oxide, which reacts with the lead-sulphide, and oxidises a portion of 
the sulphur to sulphurous acid, which volatilises, while the metallic iron produced at 
the same time, separates the lead from combination with the remaining sulphur, and 
forms iron-sulphide. In this case all the different reactions produced in melting 
operations take place together. 

As a general rule it may be stated, that when mixtures of an oxide with another 
oxide which is more easily reduced, and of silicates containing a sufficient amount of 
silica, are subjected to reducing melting, the least easily reducible oxide is dissolved 
by the silicate and forms slag, while the more easily reducible oxide yields metal. To 
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obtain this result, however, it is necessary that the silicate should be present in snJB* 
cient amount, and that its melting point should be higher than the tempera turn at 
which the more easily reducible oxide is decomposed, and lower than that at which the 
less easily reducible oxide is decomposed. If there were a deficiency of silicate, the 
whole of the ferrous oxide would not be converted into slag, and & portion of it would 
be reduced to the metallic state. If the silicate melted before the cuprous oxide had 
been reduced, part of the latter would pass into tho slug; and if it did not melt till 
after ferrous oxide had been partly reduced, the copper would be mixed with iron. 

Slags should in general be more easily fusible, or at most not less fusible than the 
other products of the melting operation ; but the actual degree of fusibility will vary 
considerably, according to the temperature requisite in the operation. The following 
table contains a summary of the more important results obtainod by Plattner in his 
investigation of the fusibility of various silicates and slags : — 


Temperature of 
formation. 

Melting 

point. 

Silica. 

Baryta. 

Lime- 

Mag- 

neala. 

Alu- 
mina . 

Kerrou* 

oxide. 

Man- 

g»n- 

OlIH 

oxide 

Lead 

aide 

Ratio of 
oxygen 
in baaea 
to oxy. 
gen in 
ailica. 

2200° C. 


29 1 

70 9 



. 




1 : 2*1 

2100° 


37’6 

624 







1 : 3 

2150° 


52-0 


48-0 






1 : 2 

2100° 


61-8 


382 






1 : 3 

2250° 


59-8 



40-2 





1 : 2 

2200° 


690 



310 





1 : 2*8 

2400° 


64 3 




36*7 




1 : 2 

2400° 


730 




27*0 




1 : 3*2 

2100° 


48-6 

100 

414 






l : 2 

2100° 


460 

200 

360 






1 : 2 

2050° 


540 

20 0 



260 




1 : 2 

2000° 


55 5 


258 

18*7 





1 : • 

1918° 


40-5 


37'2 


22*3 

* 



1 : 1 

1950° 


57 5 


26 5 


16 0 




1 : 2 

1789° 


30 5 





69 5 



1 : 1 

1832° 


470 



• • 


530 



1 : 2 

1 r on blant furn ace slag*. 











1876° 

1431° 

500 


300 


170 

30 



1 : 1*5 

Freiberg copper »Jag. 

1445° 

58-0 


22*0 

10 0 

6 0 

20 

20 


1 : 2-2 

1690° 

1331° 

480 


4 5 

1*6 

90 

370 



1 : 1*76 

1730° 

1360° 

600 

15 

3 0 

1 15 

60 

38 0 



l : 2 

Freiberg load alag. 





1 






1460° 

1317° 

36-5 


4-0 

3-0 

8*5 

. 40-5 


75 

1: 1 26 

Freiberg copper ilag. 











1«4C° 

1346° 

327 




7*0 

60-3 



1 : 1 


The temperatures given as those at which t hese silicates were formed and melted refer 
to the melting points of platinum 2534° C., gold 1102° C., silver 1023° C M and lead 
334° C., adopted by Plattner as the standards of comparison in his experiments. 

Tho duality of slags differs very considerably, and it is often of great importance in 
practice. The mode in which they solidify also is of still greater importance. Some 
are very liquid, but change at once by reduction of temperature from the liquid to the 
solid state ; others arc less liquid, and solidify gradually, parsing through several stages 
of viscidity. 

The former always contain a smaller proportion of silica than the latter ( ; and the 
characters of slags, while in the melted stat<», and after solidification, often furnish 
the practised metallurgist with indications as to whether the materials ha is operat- 
ing upon are duly proportioned or not* 

Slags are sometimes amorphous, sometimes crystalline. The former are often 
glassy ; the latter present an appearance resembling certain rocks, such as lava, and in 
composition they often approximate to augite, olivin, felspar, &c. 

Sublimation and Distillation. 

Volatflisable metals and metallic compounds are in some cases separated from 
their ores by means of that character. Thus nrsenious acid, arsenic sulphide, and cin- 
nabar axe separated in this way from other substances with which they may be mixed or 
combined. The native compounds of iron with arsenic are decomposed by hetit, 
yielding metallic arsenic, which is volatilised, while a lower arsenide remains. Arsenical 
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writes heated in a close vessel yields arsenic sulphide at first, and finally metallic 
arsenic, about half the sulphur and rather less of the arsenic remaining combined with 
the iron When mercury ores are heated with some substance capable of forming a 
fixed compound with any constituent of them which is capable of being volatilised in 
combination with the metal, metallic mercury distils off. Zinc-carbonate, intimately 
mixed with carbon and exposed to a white heat, is decomposed after losing its car- 
bonic acid ; the carbonic-oxide produced by the partial combustion of the carbon reduces 
the zinc-oxide, and the metal is volatilised. 

Eliquation and Crystallisation. 

These operations are practised with the object of separating mixtures of substances 
which have different melting points, or which solidify at different temperatures. 
Argentiferous lead is separated from a mixture of lead and copper containing silver 
(see p. 953), by heating it in such a manner that when the lead melts, it can flow a^uy 
from the alloy of copper and lead which remains solid. Silver is separated from 
argentiferous lead by crystallisation, since the alloy of lead with the largest proportion 
of silver does not solidify until the alloy of lead with the smallest proportion has 
separated in crystals. (See p. 604.) 


The metallurgical operations already treated of being all conducted with the aid of 
heat, involve the use of fuel as a source of heat; and it is therefore an object of great 
importance to apply it to this purpose in the most efficient and economical manner. 
The general principle by which the relative value of different kinds of fuel may be 
determined, and the conditions under which they may be rendered most efficacious, 
have been already considered. (See Fuel, ii. 718 et seq.) It now only remains to refer 
simply to the means of augment ing the efficacy of fuel beyond its natural capability, so 
far as relates to the production of high temperatures by the application of heated air 
in the combustion of fuel. The advantage gained in this way always involves the 
consumption of a proportionately larger amount of fuel according to the dogree of 
temperature produced ; but since the metallurgy operations which require a very high 
temperature can be conducted much more rapidly in proportion as the temperature is 
increased, the saving of fuel effected by using a high temperature is referable to the 
larger quantity of material which can be worked within a given time, compared with 
what can be worked within the same time at a lower temperature. 

Whenever it is necessary to use fuel in such a manner that only a portion of its 
heating power is rendered effective, as in most of the operations connected with the 
manufacture of iron, a very great economy can be effected by using the waste gases for 
tho purpose of heating tho air with which the furnaces are fed, instead of allowing 
those gases to escape without .producing any useful effect. The he ; at thus communicated 
to the air with which the furnaces are fed has the effect of raising the temperature 
produced in those furnaces to a degree far higher than can bo produced by the mere 
combustion of the fuel used. This augmentation of temperature is of course propor- 
tionate to tho increased temperature at which air is supplied to the furnaces, and since 
the production of a very high temperature is the essential condition by which economy 
of fuel is to be attained in the manufacture of iron, the means of insuring this object 
are of the highest importance. (See Iron, iii. 362 et sea ., and Furl, ii. 729.) 

In many metallurgic operations, the use of gaseous fuel obtained by burning coal, &c., 
so as to convert it into carbonic oxide and hydrocarbon gases, is capable of being made a 
very valuable means of effecting economy in fuel, and at the same time of obtaining more 
advantageous results as regards the metals produced ; but as yet little progress lias been 
made in this direction compared with the capabilities which exist for such a use of fuel 

Tho use of air containing a larger amount-of oxygen than atmospheric air would also 
be a very efficient means of economising fuel, especially in operations requiring high 
temperatures or intensity rather than quantity of heat. Some attempts have already 
been made to realise the advantages of such a practice, but they have not hitherto 
been attended with any such success in relation to the larger metallurgic operations as 
to require more than a passing mention. (See Furl, ii. 725.) 

The metallurgic operations which are conducted without the aid of a high tempera- 
ture, and by the agency of water or other solvents, according to what is termed the 
Wet way, are but few, viz. the extraction of platinum and silver, the separation of gold 
from silver, and to a less extent the extraction of copper from some of its ores. 

•Solution and Precipitation, 

By the firet of these operations silver is extracted from its ores as sulph ate, or by 
means of a solution of sodium -chloride, after the metal has been converted intochlo- 
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ride. Platinum is also extracted from its ores by means of mtro-hydrochtoric add, Mid 
silver is separated from gold by treatment with nitre- hydrochloric acid, which dissolves 
only the latter metal ; or when the silver amounts to more than throe times as much as 
the gold, by means of nitric acid (see GtoLD, ii. 925), which dissolves only the silver, 
this operation being termed parting. Copper is also extracted from poor ores by 
converting it into chloride or sulphate, and dissolving these salts out with water. (See 
Coppsn, ii. 36.) 

Another operation involving solution is the extraction of gold and silver from their 
ores by means of mercury, which is frequently practised under the name of amalga- 
mation, since the solution of the metals by mercury depends upon the formation of 
an amalgam, which dissolves in excess of mercury. (See Gold, ii. 925, and Silvbr.) 

Precipitation is practised for the separation of metals from the solutions obtained 
from ores as abovo mentioned. Thus copper is precipitated in the metallic state by 
fteans of metallic iron, which decomposes the copper-compound held in solution. This 
operation is termed cementation, (Soo Coppkr, ii. 3t>.) Platinum is separated from 
solution as nmmouio-c hloride, by precipitation wilh solution of sal-ammoniac; 
silver as chloride, by means of solution with salt, or hydrochloric acid ; and gold, in 
the metallic state, by means of ferrous sulphate. (See Gold, ii. 926.) 

The various operations of metallurgy which are condueted by means of electrolysis, 
such as electroplati ng, el cct rog i Id i n g, ami electro t y pi n g, depend upon tha 
principles which have already been discussed in general terms in the article Ei.rothicitt 
( ii. 414 ft sea., and 437) ; and more precise details will be found in Urv's Dictionary oj 
Arts, Manufactures , and Mines, article Elrotiio-Mktali.l’uuy. 

The methods of manufacturing a 1 unit ilium, maguesi um and sod i um, &c., will bo 
found in the articles devoted to tlio general chemistry of those metals. II. II. P. 

MBTALB, ATOMIC WEXOHTS AND OLABBiriCATXON OX*. 
Group I. Monad metals. — The received atomic weights of the non -metallic 
monads, fluorine, chlorine, bromine, and iodine, or 19, 36o, 80, and 127, are merely 
the relative weights of each of them which have the same gaseous bulk ns the unit of 
hydrogen. These four halogen elements, which may be considered as chlorous or elec- 
tro-negative varieties of hydrogen, have the characteristic property of replacing 
hydrogen and one another, in a groat variety of compounds, by an equivalent substitu- 
tion of volume for volume, atom for atom. The fluoride, chloride, bromide, and iodide 
of hydrogen are composed of equal volumes of halogen and hydrogen united without 
condensation, one volume or atom of chlorine, for instance, uniting with one volume or 
atom of hydrogen, to form two volumes of hydrochloric acid, Jf 01. These two volumes 
constitute the moloculo of hydrochloric ucid, which is usually regarded as a chloro- 
derivative of the molecule of hydrogen, UII, and taken as a convenient standard of 
comparison for two-volume molecules in general. 

The metals lithium, sodium, potassium, rubidium, cnesium, and silver 
are correlative to the abovo halogen elements, and accordingly may be looked upon as 
basylous or electro-positive varieties of hydrogen. Their received atomic weights, 
namely, Li 7, Na 23, K 39, Rb 86, Cs 133, and Ag 108, express the relative quantities of 
each of them which can displace 1 part by weight, of hydrogen to unite with 36-6 parts 
by weight of chlorine. Now it is found by experiment that 7 parts of lithium, 23 
parts of sodium, 39 parts of potassium, and 108 parts of silver have substantially the 
same specific heat as one another; so that 7 parts of lithium and 108 parts of silver, 
for instance, absorb or evolve the same amount of heat in undergoing the samo 
increment or decrement of temperature. The specific heats of the atomic proportions 
of these four metals, and by analogy of rubidium and caesium also, are moreover sub- 
stantially identical with the specific heats of the atomic proportions of chlorine, 
bromine, and iodine, and maybe expressed with sufficient accuracy for our nrescnl 
purpose' by the number 6 2, in comparison with the specific heat of water taken as 
the standard of unity. Each of these metals unites with chlorine in but a single 
definite proportion, to form a chloride expressible by tho general formula M'Cl, de- 
rivable from the type ITCl ; and tho specific heats of these several chlorides and of 
the corresponding bromides and iodides, approximate to the number 12 4, giving a 
specific heat of 6 ; 2 for each atom in the molecule. 

The chlorides of the monad metals, thoagh more or less volatile at high tempera- 
tures, are not sufficiently so to allow of their densities in the vaporous slate being 
ascertained by experiment. Their theoretical vapour-densities, however, are assumed 
to be the halves of their respective atomic weights, and their molecules are accordingly 
referred to the normal two-volume standard. One or two of these metals, more parti- 
cularly lithium and sodium, have been made to combine with the organic radicles 
methyl and ethyl ; but the resulting methides and cthidcs have not been obtained in 
an isolated condition, and & fortiori hare not bad their vapour-densities determined. 

The metals of this group have the common properly of forming sulphates which 
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combine with sulphate of aluminium to produce a highly characteristic class of 
hydrated double salts, crystallising in octahedrons, and known by the generic name of 
’ the a 1 u ms. They are also distinguished by their capability of forming acid and mixed 
aults'of dibasic acids, and incapability of forming basic and mixed salts of monobasic 
acids, properties, however, which appertain to silver in only a limited degree. The 
metals potassium, rubidium, and caesium form a definite sub-group, characterised by 
special properties. They are the most powerfully basylous or oxidisable of all the 
elements, and the intensity of their basylity increases in the order of their atomic 
weights. Their hydrates and sulphydratcs are very soluble in water, forming power- 
fully caustic solutions. Their carbonates also are very deliquescent, soluble, and 
caustic compounds. Their chlorides are deliquescent and soluble, their sulphates 
sparingly soluble, and their platino-chlorides and acid-tartrates almost insoluble. 
Sodium is far loss basylous than potassium, and lithium than sodium. The inferior 
oxidisability of sodium is well shown by its want of action on a strong solution at 
caustic soda, and by the facility with which it is produced and manipulated in the 
operations of modern metallurgy. Its hydrate and sulphydrate resemble those of 
potassium, but its carbonate is efflorescent, very moderately soluble, and scarcely at all 
caustic ; while carbonate of lithium is almost insoluble, and the phosphate yet more so, 
like the carbonates and phosphates of the alkali-earth metals. Moreover, while car- 
bonate of potassium is perfectly fixed in the fire, carbonate of sodium loses a small 
proportion, and carbonate of lithium a considerable proportion of carbonic anhydride ; 
and again, the solution of chloride of lithium, though to a less degree than that of 
chloride of magnesium, is decomposed during evaporation, with loss of hydrochloric 
acid. Silver, although distinguished from most of the heavy metals by the perfect 
neutrality of its soluble salts, differs from the alkali-metals proper in its high specific 
gravity, its permanence in air, the insolubility of its chloride, &c., and in the 
indifference of its oxide and sulphide to the action of water. Nevertheless there seems 
to be a relationship between sodium and silver manifested by the isomorphism of then 
anhydrous sulphates, and in other ways. Bearing in mind also the general rule that 
tho specific gravities of allied metals increase in the order of their atomic weights, the 
superior specific gravity of sodium over that of potassium may be taken torindicate its 
havinga latent association with the heavy metals. The triad metals thallium and gold, in 
addition to their characteristic trichlorides, form protochlorides corresponding in their 
specific heats, insolubility, and general properties, to the above-mentioned proto- 
ehlorido of silver, whence the metals themselves may be regarded as being at the same 
time monatomic and triatomic. 

Group II. — Dyad Metals ; namely, glucinura, magnesium, calci urn, stron- 
tium, barium, zinc, cadmium, and mercury. The metals of this class agree 
with those last considered in bbing more or less strongly basylous, but differ from 
them in a variety of other particulars. Of glucinum very little is really known, but its 
unascertained properties will be assumed to correspond generally with the known 
properties of magnesium. With the exception of mercury, which in addition to its 
normal chloride, or corrosive sublimate, forms an inferior chloride, or calomel, to be left 
out of consideration for the present, all the members of this group unite with chlorine 
in a single proportion only. With the atomic weights formerly accorded to those 
metals, their chlorides would bo represented as protochlorides by the general formula 
M'Cl corresponding to HOI ; but doubling their respective atomic weights as advo- 
cated more particularly by Wurtz and Cannizzaro, their chlorides must be repre- 
sented as dichlorides, by the general formula M"CP corresponding to OCP, as shown 
below : 


G 

4 5 

HC1 

GC\ 

„ OC1* 

* GCl* 

G 

9 

Mg 

12 

4 MgCi 

Mgci* 

Mg 24 

Ca 

20 

* * j* CaCi 

CuCl* 

Ca 

40 

Sr 

43*75 

# SrCl 

SrOl* 

Sr 

87 

Ba 

68*5 

^ itoCl 

BitCl* 

Ba 137 

Zn 

32 5 

ZnCi 

ZnCi* 

Zn 65 

Cd 

56 

CdCl 

CdCl* 

Cd 112 

Hg 

100 

HyCl 

HgCl* 

Hg 200 


Several metals not belonging to this group form chlorides analogous to those above 
tabulated, just as the triad metals thallium and gold form protochlorides analogous to 
protochloride of silver. The disputed formulae of a few of them are appended for the 
sake of illustration : — 


Cu 31*75 
Sn 59 
Fb 103*5 


CuCl 

£»C1 

P6C1 


CuCl* 

SnCl* 

PbCl* 


Cu 635 
Sn 118 
Pb 207 
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The general principles on which the determination of atomic weights nmst la 
depend, were discussed very fully in a previous article ( vide Atomic Weights), which ft 
may be observed was necessarily written long before the date of its publication. It 
was therein stated, that although in the author's opinion, the arguments in favour of 
doubling the atomic weights of the metals now under consideration, were not at that time 
sufficiently cogent to warrant the adoption of a hasty change in old established usages, 
yet that, the proposal being then of very recent introduction, it was not improbable t hat in 
course of time the objections to which it was liable would be more or less satisfactorily ex- 
plained away, while further potential arguments might possibly be adduced in its support. 
And this is what has since actually taken place; for although the objections to the pro- 
posal cannot even now bo regarded as altogether overcome, yet the arguments in its 
favour preponderate so largely as to lenvo no doubt whatever about the ultimate 
necessity for its adoption. Before considering seriatim the raisons for and against 
file proposed doubling of the atomic weights of these metals, it may be observed 
at starting, that, just as there are monatomic, diatomic, and triatomic chlorous 
elements, so should wo expect to have monatomic, diatomic, and triatomic bnsylous 
elements or metals. It would, moreover, be extremely strange if while triad and tetrad 
metals are abundantly mot with, there should exist only one or two well-known dyad 
metals. Again, just as among chlorous elements, tho distinction between monatomic 
and triatomic atoms was recognised long before the distinction between monatomic and 
diatomic atoms, so is it .natural that among bnsylous elements also, tho distinction 
between monatomic and diatomic metals now proposed for adoption, should not bo 
established until long after the distinction between monad and triad metals had been 
all but universally acknowledged. 

a Atomic Heat. — If we represent the chlorides tabulated above, ns dichlorides, 
%re find that tho proportions of metal combined witli two atoms of chlorine in their 
respective molecules have their specific heats expressed by the number 0 2, just us have the 
several proportions of metal united witli one atom of chlorine in undisputed protochloride#, 
and the several proportions of metal united with three atoms of chlorine in undisputed 
trichlorides. But if wo continue to regard tho chlorides in question as protochloridos, 
the proportions of metal contained in their respective molecules will have only half tho 
specific heat of the proportions of metal contained in t he molecules of undisputed proto- 
and trichlorides. In other words, witli tho doubled weights and formula?, the atoms 
of this group of metals will have the same specific heats, whereas with the old atomic 
weights they will havo only half the specific heats, of tho atoms of chlorous dyads, 
such as sulphur and selenium ; of chlorous and basylous monads, such as bromine 
iodine, sodium, and silver ; and of chlorous and basylous triads, such an phosphorus, 
arsenic, thallium, and gold. Moreover tho specific heats of their respective chlorides. 
See., written as dichlorides, will agree with the specific heats of undisputed proto- and 
trichlorides in this particular, that, divided by the number of atoms in the molecule, 
they will all yield the constant 6’2. Thus the ascertained specific heat of corrosive 
sublimate HgCl* (200 4 - 35 6 x 2) is 18*67, which divided by 3, gives the quotient 6*22. 

Objection. — The argument from atomic heat is admitted to have great force; 
though hardly sufficient to be absolutely decisive of tho question, inasmuch as the ato- 
mic heats of iho non-metals, boron, carbon, and silicon, uro not under any circumstances 
more than half as great as the atomic heats of their metallic congeners. It being 
therefore impossible to accord the same specific heats to the atoms of all the elements, it 
is quite conceivable that the atomic beat of certain metals should differ from the 
atomic heat of the remainder, that magnesium and mercury, for instance, should 
have only half the atomic heat of sodium and silver. Then the moleculo of chloride 
of mercury HgCl, for instance, would have the specific heat of its constituent atoms, 
31 +6*2 = 9'3; while the molecule of chloride of silver AgCl, vrould have the specific 

heat of its constituent atoms, 6*2 + 6*2 *» 12*4. > ■ ... .. . . 

a Molecular Volume. — Mercuric chloride and mefetuic ethide, \i represented 
u dyadic by the formula HgCl’ and HgEt> respectively, »sv* the same molecular 
volume as the corresponding monadic compounds, hydne chloride IICl, and hydne 
ethide HEt, respectively, and as the corresponding tnadio compounds, arsenic chlond. 
AsCl* and arsenic ethide AsEt* respectively. Tho gaseous volumes of rmc-chlonde 
and stannous chloride have not been ascertained, but the gaseous volumes of their 
corresponding ethides and methides agree with the ethide and I mcthide of mercury, m 
thedreumstance of their respective vapour-densities being the halves of their atonua 
wei ghts, when they are represented as dyadic compounds, thus : 

H Cl Hg"Cl* As CJ 

HEt Hg”Et* As Et* 

wn Zn-Et’ Ji"Cl* 

Sn'Et’ B~Et* 
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In other words, the volatile chlorides and ethides of these metals, if represented as 
dyadic, will have the same molecular volume, whereas if represented as monadic they 
will have only half the molecular volume of undisputed protochlorides and trichlorides, 
protethides and triethides, &c. 

Objection. — The above argument from molecular volume is considered to hare 
rather less weight than that from atomic heat : for by according to chloride of mercury 
and its congeners the formulae which bring their molecular volumes into accordance 
with the molecular volumes of chloride of hydrogen, chloride of oxygen, &c., we are 
forced to accord to the metals themselves, molecular volumes which are discordant 
with the molecular volumes of the elements, hydrogen and oxygen, &c., thus : 


2 vols. 

2 VOlj. 
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( 
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Et’Hg" 

j- 2 vols. 

EtCl 
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HgHg ' 
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■ 4 vols. 

BrBr 

SeSe 

ZnZn J 



In other words, the proportions of mercury, of cadmium, and by analogy of zinc, 
which combine with two atoms of chlorine, or ethyl, or methyl, have double the 
gaseous volume of the proportion of hydrogen which combines with one atom of 
chlorine, or ethyl, or methyl, and consequently double the volume of the proportions 
of oxygen and sulphur respectively which combine with two atoms, and of the 
proportion of nitrogen which combines with three- atoms of chlorine, or ethyl, or 
methyl. But just as the diatomic chlorous elements, oxygen and sulphur, have the 
same gaseous volume as, and not double the volume of, the monatomic chlorous 
elements, chlorine and bromine, so should we expect the diatomic basylous elements, 
mercury and cadmium, to have the same volume as, and not double the volume of, 
the monatomic basylous metalloid, hydrogen. This objection has been partly met 
by comparing the molecules of mercury, cadmium, &c., not with the molecules of free 
oxygen, free sulphur, &c., which are divisible in the act of combination, but with the 
molecules of the diatomic compound radicles carbonic oxide, sulphurous anhydride, 
ethylene, &c., which are indivisible; thus: — 
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2 vols. 
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Whatever value may be accorded to this explanation, however, the experimental 
discordance undoubtedly remains, that the atomic proportions of the dyadic basyloida 
mercury and cadmium, have double the volume of the dyadic chloroids oxygen and 
sulphur. 


y. Double Salts. — The characteristic property of a dyad element is its capabi- 
lity, when united with one and tho same/- monatomic radicle, of parting with that 
radicle by two successive substitutions, and" of thereby uniting with two distinct 
monatomic radicles. Now this property of combining with two different radicles is 
certainly very well exemplified by the class of metals we are at present considering, 
as shown in the list of compoijnds tabulated below, which might bo largely extended: 

Mercury, dichloride . Hg"Cl 3 

_ „ chlor-ethide . Hg'ClEt 

(fmjrEt) 3 ... „ diethide . . Hg"Et 3 

/fi/Et./ZyMo? . . „ etho-methide . Hg"£tMo? 

Zinc iodo-ethide . . Zn"EtI 

Bleaching powder . . Ca*Cl 2 0* 

Strontium ace tato- nitrate . Sr".N0*.C 2 H f 0 3 

Barium acetato-nitrate . Bh".N0*.C*H , 0 2 

Copper, fluo-hydrate . Cu".BO.F 

Lead, hydruto-nitrate . Pb".H0.N0 3 

„ hydrato -acetate . Pb".HO.C 2 H J 0 3 


HgCLffgEt 

^Et.^Moj* 
ZnEt.Znl . 
CaCl.C’aClO 
SrN0*.SrC 2 H 9 0 3 
JfcrNO^.PuOlPO 3 
tfwHO.C«F 
PAHO.PANO* . 
PAB0.PAC 3 E 3 0* 
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The greater number of these double compounds possess a moderate degree of sta- 
bility, while some of them, as the double halogen ethides and methides, are among 
the most definite and stable of metallic salts. The relation of the organic compound* ^ 
of mercury and arsenic to one another is evidently parallel to that of alcohol and 
ether to the ethylamines, as shown below : 


Triad*. 

H*N CPAs 

EtH*N EtCPAs 

Et*HN Et’ClAs 

Et«N Et*As 


Dyad*. 

H a O CPHg 

EtHO EtCIHg 

EW Et*Hg 


Monad*. 

H Cl CINa 
EtOl KtNa 


Again, just as in alcohol, the basylouB radicles, hydrogen and ethyl, are hold together 
•by diatomic oxygen, so in the hydrate-nitrate of lend, the two chlorous radicles aro 
hold together by diatomic lead (Williamson, Chem. Soc. J. xvii. 211). Accordingly, 
if in alcohol wo replace diutomic oxygen by monatomic chlorine, we get two distinct 
chlorides, thus : 

PCPCl 2 + IlEtO" - PCPO" + IIC1 + EtCl. 

And similarly, if in our lead-salt wo replace diatomic lead by monatomic silver, we 
get two distinct argentides, thus : 

SO«Ag« + HO.NO’Pb" - SO*Pb" -f IlOAg + NO*Ag. 

Objections. — The force of this argument is much diminished by remembering 
that certain undoubted monatomic elements and groupings have the property, though 
to a limited extent, of combining with two distinct monatomic radicles. Olilor-elhide 
of mercury, for instance, Hg'EtCl, may bo written (Hg a )KtCI, and compared with 
iodo-nitrate of silver, (Ag^I.NO*, argent o- chloride of sodium, (Cl a )AgNa, hydro- 
fluoride of potassium, (F a )HK, hydro-acetate of potassium, (2C 3 Jl"O a )UK, and ninny 
similar compounds, in which wo have the monatomic elements silicr, chlorine, fluorine, 
as well as monobasic acetic acid, &c., combined with two different monatomic radicles, 
although, indoed, the stability of these compounds, save and except some of the hydro- 
tluorides is of a very feeble character. Moreover, in contrasting the properties of 
monatomic ethyl and diatomic ethylene, and comparing the undisputed monad metals 
with the former, and the metals under discussion with the latter, there is one point, nt 
any rate of some importance in which the comparison docs not hold good, the 
hydrogen of a dibasic acid is found to be replaceable by two different monatomic 
radicles, and by the same radicle at two successive stages, whereas it. is replaceable by 
a single diatomic radicle only, and that at a single operation. Thus the diatomic 
radicle ethylene may be substituted for the hydrogen of oxalic acid to form oxalate of 
ethylene (C a IP)''C 2 0«, which is the only derived oxalate of ethylene hitherto known; 
but with the monatomic radicle ethyl we have acid oxabiteofel^ 0 , 

neutral oxalate of ethyl, (C 3 IP) 3 C a O\ potassic oxalate of ethyl, (C'lP KG 3 0\ &c. In 
other words, the monatomic radicle ethyl does, and the diatomic rudic e ethylene does 
not form acid and double ethers or salts of dibasic acids; and a similar difference of 
behaviour is manifested by monatomic and diatomic chlorous radicles, such as acetyl 
fC*H»Oy and oxalyl (C*O a )", in their relation to a diacid base such as glycol. Now 
there certainly does not seem to be any decided difference in this particular between 
the two groups of metals. One member, at any rate, of the first group namely, 
silver— does not or scarcely does, while several of the members of the second group 
very readily do, form well-defined acid and double salts, as exemplified by the acid 
oxalate of barium, £aHC*0«, potassio-oxalato of zinc, AnKLH)', acid carbonate ot 
• W/jTTPO* imv-lussite, 6 T nXa('0*, /lolomite, AfffCuiA) 9 , acid sulphate of 
SUfSSab* SSritf -Sd Helen ito of calcium*, GWiHcOG &c. ftc. Such 

Ba ltl as the sulphovinatos of calcium and barium cannot properly bo adduced in illus- 
tration, because, although for some purposes, sulphovimc acid may be regarded as a 
double sulphate of ethyl and hydrogen, comparable with acid sulphate of potassium, 
vet it is in reality a conjugated compound analogous to the sulphaimc and sulplio- 
phenic acids, for instance, and consequently os much monobasic as the formic, acetic, 

an it n ^nno^ I howevc^bJTontend^ in any way thAt the property of forming acid and 
double salt* with dibasic acids is incompatible with the diatomic character of the 
metals forming them ; for, indeed, there is no sufficient reason why Uie atom of a dyad 
metal should not bind together two atoms of dibasic sulphuric acid, for ins lance, just 
as we believe the diatomic radicle sulphuryl binds together two atoms of dibydne 
water, thus : — 
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The utmost that can be said is, that the difference of properties exhibited by ethylene 
and ethyl in their behaviour with dibasic acids, is not paralleled by a corresponding 
difference of properties manifested under similar circumstances by members of the two 

groups of metals, . 

Basic salts.— A well-marked distinction between monatomic and polyatomic 
radicles, which has been pointed out more especially by Wurtz, results from the 
special tendency which the oxides of polyatomic, and particularly diatomic radicles 
have, to produce basic and anhydro-salts ; or, as Wurtz expresses it, from the power 
which they have of accumulating in combination, and of thereby forming compounds • 
containing multiple radicles, and belonging to types of greater and greater complexity. 
Thus we are acquainted with potassic monochromate, K 2 0(Cr0 2 . 0), potassic anhydro- 
dichromate, K 2 0(Cr0 2 .0) 2 , and potassic anhydro-trichromate, K'-'0(Cr0 2 .0) # . Again, 
we have monethylenic glycol, (C 2 H 4 .0).H 2 0, diethylenic glycol, (C 2 II 4 .0) 2 .H 2 0, tri- 
etbylenic glycol, (C 2 H 4 .0) s .H 2 0, and tetrethylenic glycol, (C 2 H 4 .0) 4 .II*0, &c. This 
distinction, unlike those hitherto considered, is simply a matter of observation. We 
observe that diatomic oxides do, and monatomic oxides do not, as a general rule, 
accumulate in the manner above exemplified ; but we see no reason why such a 
difference of behaviour should result from the different atomicities of the radicles. 
On this account therefore, that it is based on a difference of behaviour not directly 
deducible from difference of constitution, we can scarcely attach so much importance 
to this last distinction as to those which have been previously discussed. At the same 
time, the different habit of monatomic and diatomic radicles in this particular is very 
well marked. We are acquainted, for instance, with super-basic hydrates, chlorides, 
and acetates of ethylene, but with no super-basic hydrates, chlorides, or acetates of ethyl. 
The question consequently arises, whether a similar difference subsists between the al- 
leged diatomic and the undisputed monatomic metals ; and the answer, that such a differ- 
ence does exist, is certainly, so far as it goes, in favour of the diatomicity of the metals 
now under consideration. Thus we can parallel some of the basic hydrates, chlorides, 
acetates, &c. of ethylene by similar compounds of calcium, magnesium, zinc, lead, 
copper, &c., but not by any compounds of the undoubtedly monad metals. We have, 
for example, Schaffner’s hydrate of lead, IPO(PbO) 2 ; Payen’s hydrate of lead, 
H 2 0(PbO)*; Mendipite, PbCl 2 .(PbO)*; Atacamite, CuCl 2 (CuO) s ; Schindler s oxychlo- 
ride of zinc, ZnCl 2 (Zn0)*.2H 2 0 ; Rose’s oxychloride of calcium, CaCl 2 (('aO)\ 1 6 IPO ; hy- 
dromngnesite, (MgCO s .IFO)*.MgII 2 0 2 ; dibasic acetate of copper, C 4 U*Cu0‘.Cu0.3lP0; 
dibasic acetate of lead,C 4 U fl Pb0'.Pb0.3H 2 0 ; tri basic acotate of copper, C 4 JI B Cu0 4 (Cu0) 2 ; 
tribasic acetate of load, C 4 fi 8 Pb0'(Pb0)*.3II 2 0 ; Mitscherlich’s dibasic nitrate of mer- 
cury, HgN 2 0 9 .IIgO,2IFO, &c. See. This is perhaps a suitable placo for referring to an 
observation of Wurtz, to the effect that, by representing the metals of this group as 
diatomic, we are able to.expreBS the simple molecules of their several salts, with entire 
instead of with half atoms of water of crystallisation, as illustrated by the following 
among many other examples : acetate of copper. C , H , 0uO‘.H 2 O ; acetate of lead, 

C H 6 Pb0 4 .3lFO ; perchlorate of lead, PbCP0 8 .3H 2 0 ; nitrate of copper, CuN 2 0*.3lF0 ; 
chloride of nickel, NiCl 2 .9H 2 0, &c. 

Objections. — It is contended that the property of accumulating in combina- 
tion is not necessarily but only accidentally associated with poly atomicity, and 
that, just as the acetic and iodic anhydrides* form anhydro-salts, such as 
(C a H , K0 2 ) , .C 4 H # 0* and KIO a .FO*, without- prejudice to their monatomicity, so 
may the plumbic and cupric base-oxides form basic salts without prejudice to their 
monatomicity. From several considerations, however, the existence of a diacetic 
acid C 4 H*0\ and a trihydric iodic acid, H*J0 4 , seems not improbable; and if so, the 
anhydro-acetates and anhydro-iodates may be associated in reality with the polybasic 
forms of their respective acids. As for the argument from water of hydration, taken 
by itself, it certainly cannot lay claim to any great weight, since there is no more 
obvious reason why one atom of water should not combine with two atoms of salt, 
IPO with (CPJPCuO 1 )* for instance, than there is why one atom of salt should be able 
to combine with two or three atoms of water. 

But although the arguments in favour of regarding the zinoo-calcic group of metals 
as dyadic, when taken separately, are open to the objections above pointed out, yet 
taken altogether, they seem to present so great a preponderance of evidence in rapport 
of the proposal, as to render its adoption almost a matter of necessity. Accepting this 
conclusion, then, as inevitable, and according to the above metals the doubles of their 
previously received atomic weights, we are at once struck by the very obvious pared- 
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leiism subsisting between them and the already considered nomad metals* as ahtfwa 
below : — 

Li' 7 G" 9 

Na' 23 Mg* 24 

— Zu" 65 

Ag' 108 Cd" 112 

Hg" 200 

The metals of the alkaline-earth sub-group, namely, calcium, strontimn, and barium, 
are scarcely less basylous or oxydisable than tlio^e of the alkalis, and tho dogroo of 
thoir basylity also increases in tho order of their atomic weights. Tlu*ir hydrates nud 
sulphydrates, like those of the alkali-metals, are soluble in water, forming caustic 
solutions which absorb carbonic anhydride with great avidity, to form, however, inso- 
luble carbonates; and their sulphates are likewise insoluble. Among tho members of 
tho other sub-group, the manifestation of metallic proportion, as popularly understood, 
rather than of basylous characters, increases in tho order of their atomic weights ; and 
accordingly wo may regard tho upper members of each sub-group as exhibiting a very 
general torm, and tho lower members as exhibiting highly specialised forms of the 
metallic character, and may figure tho difference to ourselves in some such diagram at 
tile following : — 

Glue inum 

Magnesium ^ 


Zinc 


Cadmium 


Mercury 

The metals of the le«a basylous or moro regulino sub-group are distinguished by 
their volatility, which increases in the order of their several atomic weights. The 
hydrates of these metals are insoluble in water, arid only those of glucinum and mag- 
nesium manifest much affinity for carbonic anhydride. The sulphides of zinc, cadmium, 
and mercury are insoluble permanent precipitates, while that of magnesium also 
appears to bo insoluble in, though readily drcomposible by witter. Their sulphates, 
unlike those of the more basylous dyads, are all soluble in water, with tho exception 
of sulphate of mercury, which is decomposed thereby into sulphuric acid and a basic 
salt,. lu many points of its behaviour, magnesium presents a general resernblauco to 
calcium, and was at one time classified with tho alkaline-earth metals. 

In addition to corrosive sublimate, HgCl 3 , mercury forms an inferior chloride, or 
calomel, whose molecule may be represented by the formula HgCl, corresponding to 
that of proto-chlorido of silver, AgCl.orby the formula I Ig 2 Cl 3 , corresponding to that of 
subchloride of sulphur S 3 Cl 3 ; and the selection of one or other 6 f these expressions will 
of course determine the entire series of formula* to be accorded to the entire series of 
mercurous salts. Tho formula HgCl, by which calomel is represented as a proto- 
chlorido of mercurosum, is recommended by its superior simplicity, by the ready 
susceptibility of mercurous salts to double decomposition without change of type, by 
the resemblance of calomel to the insoluble monad chlorides of silver, gold, &<•., and 
by the determination of its vapour-density, which is found to bn ™ 1 1 776; 

so that two volumes of calomel vapour, HgCl, contain one volume of chlorine, just ns two 
volume# of hydrochloric acid, HOI, contain one volume of chlorine. On tho other hand, 
the formula IIg 3 Cl 3 is recommended by its consistency with the law of even numbers, 
which declares that a dyad element can never unite with an uneven number of 
monad atoms, and with the frequent spontaneous decomposition of mercurous salts into 
mercuric salts and mercury, Hg‘Cl 3 - HgCl* + Hg. Moreover, tho existence of several 
basic mercurous compounds is opposed to the representation of normal mercurous com- 
pounds as proto-salts; while the discordance in molecular volume between calomel and 
suljchloride of sulphur, as revealed by the determination of their vapour-densities 
(8*C1*»2 vols., while Hg 3 Cl' = 4 rols.), may bo explained by supposing that the vapour 
of calomel, like that of many other salts, undergoes what is known as dissociation <i. 460; 
ii. 816) into two volumes of mercuric chloride, HgCl*, and two volumes of Tnurcurv, 
Hg This supposition is to some extent warranted by the observation that calomel 
vapour amalgamates gold leaf, and that corrosive sublim ite may be detected in re- 
sublimed calomel (Chem. Soc J. xvii. 421). 


Calcium 

Strontium 

liarium 


K' 39 <V 40 

Kb' 85 Sr" 87 5 

Cs' Ba" 137 
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Group III. Triad Metals.— Classifying the metals according to their maximum 
atomicities, there are four triad metals properly so called, namely, aluminium 
thallium, indium, and gold; for the trichlorides of arsenic, antimony, and bismuth 
must be regarded as the inferior chlorides of pentad, just as the protochlorides of thallium 
and gold are the inferior chlorides of triad elements. The formula for thallic chloride, 
T1C1 9 , and the atomic weight for thallium, 203, have not at any time been disputed! 
Auric chloride was formerly represented as a sesquichioride by the formula Au s Cl x , the 
atomic weight of gold being taken as 98 ; but it is now always represented as a tri- 
chloride by the formula AuCl*, the atomic weight of the metal being fixed at 196. 
The old sesquiatomic formula for aluminic chloride, A1 2 C1 S , in accordance with which 
the atomic weight of aluminium was taken as 1375, cannot now be defended on any 
rational grounds. It is admitted on all hands that the smallest proportion of 
aluminium found to exist in any definite compound is 27*5 parts, and that this 
proportion is indivisible or atomic throughout all the reactions which aluminic com-* 
pounds undergo. Evidently, therefore, it ought to be represented as indivisible or 
atomic by the symbol Al'", and not as diparti to by the symbol Al 2 . Regarded as 
triadic, with the atomic weights 27*5, 203, and 196*5 respectively, it is found that 
the specific heats of the atoms of aluminium, thallium and gold approximate to the 
number 6 2, and are accordingly identical with the specific heats of the atoms of 
monad metals, such as sodium and silver, of dyad metals such as magnesium and 
mercury, of tetrad motals such as tin and lead, and of pentad metals such as arsenic 
and antimony, &c. The trichlorides of thallium and gold aro decomposed by heat, 
with evolution of chlorine; but aluminic chloride volatilises unchanged, and its vapour- 
density lias been found by Deville to accord, not with the molecular formula AuCl 3 , 
but with tho more complex expression Al 2 Cl®. Hut from experiments by Mr. Buckton and 
tho author of this article, it appears that the vapour-densities of aluminic methyl 
and ethyl accord unmistakeably “with tho molecular formula} AlMo* and A lEt 3 
respectively. Aluminium-methyl certainly is, and aluminic chloride not improbably 
may be, a body of the same class as formic acid, acetic acid, boric methido, sulphur, 
selenium, &c„ whose vapours require to bo heated very far above tho boiling points 
of the several liquids before acquiring their normal molecular volumes. Thus, at 
220° and all superior temperatures, the corrected vapour-density of aluminium- 
methyl is perfectly constant, and accords with tho formula AlMe 3 ; but below 220° 
its corrected donsity increases at a very rapid rate, so as to become nearly doubled at 
130°, which high density would of course accord approximatively with tho formula 
Al 2 Mo a . Bearing in mind, however, tho rule dodueibJe from tho separate experiments 
of Devillo and Cahours, that the molecular formula of a body is to be calculated from 
its permanent or ultimate, and not from its variable or initial vapour-density, and 
having regard also to tho ascertained behaviour of the vapour of aluminic methido, the 
only observed vapour-density of aluminic chlorido cannot, in the author’s opinion, bo 
regarded as affording decisive evidence in favour of the formula Al a (Jl*. If this 
latter formula were established, aluminium would have to bo regarded as a tetrad, and 

A1U1 9 , 

its chloride would bo represented by the constitutional formula | tho two qundri- 

A1CI* 

valent atoms of aluminium forming a sexvalent group like the two atoms of carbon 
in the molecule of hydride of ethyl C 2 H®. On tho samo supposition the alums 
would be represented by such formulae as K 2 (A1 2 )*‘(S0 4 ) 4 derived from 4H-S0 4 , 
whereas if aluminium be rogarded as trivalent, they will be represented by simple 
formulae like KA1"'(S0 4 ) 3 derived from 2H 2 SOb* But there is nothing in tho com- 
position or the chemical character of these saiti, or indeed of any other aluminium 
compounds, to enable us to decide positivefij£bno way or the other. The triailm 
character of aluminium receives, however, some support from the circumstance that, 
certain aluminic compounds present a marked resemblance in composition and 
properties to similar undoubted triatomic compounds of .other elements, as of boron 
and antimony, for instance. Boron would seem to stand to aluminium in much the 
same relation as that in which lithium stands to sodium, and glucinum to magne- 
sium. In eaeli pair of elements the basyiity of the second is superior to that of the 
first term; while the monadic are more basylous than the corresponding dyadic, and 
these again more basylous than the corresponding triadic elements. Boric and 
aluminic hydrates alike act either as feeble acids or feeble bases. The isomorphous 
borate and aluminate of magnesium, or boracite and spinelle, though both subject to 
a considerable range of composition, are referrible to the similar formulae MgB 3 0 4 
and MgAl 2 0 4 , respectively. As before remarked, however, the specific heat of the atom 
of boron is anomalous. 

Thallium would appear to occupy among the triad metals a position similar to that • 
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of merewy among the cfyads ; but the position of gold in this group, whatever that 
position may be, is without obvious parallel. In addition to their trichloride*, &o., 
thallium ana gold each form a protocnloride and a woll -defined series of monad salts. 
The similarity of several of the monad salts of thallium to the corresponding com- 
pounds of potassium is very marked. Thus its chloride produces an insoluble double 
salt with chloride of platinum; its acid tartrate Jccurs os a crystaUine precipitate; its 
sulphate forms with sulphate of aluminium a well characterised alum ; while its hydrate 
is readily soluble in water, forming a caustic solution which absorbs carbonic anhydride 
from the air. On the other bond, protosulphido of thallium, like that of silver, constit ut es 
a dense black precipitate. Again, protochlorido of thallium, though more soluble in 
water, has a general resemblance to chloride of silver, while the protobromides and 
iodides of the two metals present even a greater degree of similarity. The most stable 
of the monad salts of gold is the solublo crystalline audio-sulphide, AuNaS.4H*0. 
The protoxide is very unstable, and the protochloride is known only as an insoluble 
residue. . 

Indi um, which was discovered by Reich and Richter in 1863, and is especially 
characterised by the two indigo-blue bands appearing in its spectrum, is a very soft, 
lustrous metal, permanent in air and water, and having a specific gravity of about, 7'2. 
Its hydrate and carbonate constitute white precipitates, and its sulphide a yellow 
precipitate insoluble in acetic, but soluble in mineral acids, while its chloride may bo 
obtained as a white crystalline sublimate. Its equivalent weight is 37’8, and its 
specific heat, according to Bunsen, is 0 03 7 hence its atomic weight is 3 x 37*8 or 
1 1 3-4 ; for 113 *4 x 0 057 *-=6-6. The formula of its chloride, is accordingly lnt'1*, 
that of its yellow oxide, which is a salifiable base, ln*0\ &e. It. belongs to the 
regulinc division of the metals, and bears much the same relation to thallium tlmt 
tin bears to lead. 

Group IV. Tetrad Metals; including tin, lead, titanium, zirconium, tho- 
ri num. —These metals are associated with t he noil- metal lie t et rads carbon and silicon, 
just as the triad elements aluminium and boron are associated with ono another. Tho 
tetrad elements agree with thoso of tho monad and dyad groups in being divisible into 
a more especially regulinc, and a more especially basylous sub-group, the lower 
members of each of which possess tho respective distinctive characters of the sub- 
group in their greatest intensity. The relations of the members of tho first five 
groups to one another is shown in the following table ’. 


Monada. 



Dyade. 

Li 

7 

G1 

9 

Na 

23 

Mg 

24 



Zm 

66 

A« 

108 

Cd 

112 


Hg 

200 

K 

39 

Oil 

40 

lib 

86 

Sr 

87-6 

Cs 

133 

Bn 

137 


Trlada. 

Tetrad 

lVntada. 

Bo 

11 

c 

12 

N 

14 

Al 

27*5 

Si 

28 

P 

31 




. . 

As 

76 



Sn 

118 

Sb 

122 

T1 

203 

Pb 

207 

Bi 

210 



Ti 

48 


;■ , 



/r 

89 6 

” 



I 

Th 

231 




The tetmhydrie character of marsh gas has been recognised from almost he 
earliest days of organic chemistry, but the now received formula ( i , in which the 
carbon is represented as indivisible or atomic, was first introd need by Gerhard t. m 
1842 instead of the previously employe] formula < V 1I\ >» which the c:ir\mn was un- 
warrantably represented as dipartito. The let rat orn icily of tin and silicon was flnt 
advocated by the author in 1857 and tho following .veers 0 bil. Mhg. xm. 434, 
and^iii. 368 ; Rep. Brit. Assoc. 1868, p. 68), and was definitive 1 ^ establ.shcxl by the 
seoarate researches ofCahours on tho stannethyU in I 860 (Ann. Ch. . I hys. [3] Ivm. 
6) P and of Friedel and Crafts on tho organic compounds of "dieon (Bull. Soc Chim 
1863 T>. 174). The tetratomicity of titanium and zirconium follows as a matter of 

course P from the observed vapour-densities of their chloride, and similarly that of 
CdfromThe vapour-densityof its elhylide, though it is Ixdievod that this is tho 
Vision on^hich ILl has been definitely classified as a tetryiomic element, 
in association with tin rather than with calcium. 1 ho chlorides of carbon, silicon, 
tin titanium and zirconium, represented ns Tetrachlorides by the general formula 
an^theethylides of silicon, tin, and lead, represented by the general formula 
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M""EfcV have vapotir-densities which aw the halves of their respective molecule r 
weights, and accordingly have the same molecular volume as the. protochloride of 
hydrogen HC1, the dichloride of mercury HgCl 2 , and the tn’ethylide of aluminium 
AJEt®, &c. Moreover, the chlorine of the chlorides of carbon, silicon, and more 
especially of tin, is found to be experimentally replaceable at four successive stages. 
Thus, we have SnCl 4 , SnCI*Et, SnCI 2 Et 2 , SnClEt* and SnEt 4 , corresponding to CC1\ 
CC^H, CC1 2 H 2 , CC1H*, and CH 4 , respectively, and so on. Again with the tetrad 
atomic weights 118 and 207, the metals tin and lead have the normal atomic heat 
which is expressed more or less closely by the number 6*2. The specific heats of the 
other metals of this group have not been ascertained, but the specific heats of carbon 
and silicon among the tetrad elements, like that of boron among the triad elements, 
must, according to our present imperfect knowledge, be regarded as exceptional or 
anomalous. 

Tetrachloride of tin is a colourless fuming liquid, which combines with water t# 
form a series of crystalline soluble salts. Tetrachloride of lead is known only in the 
form of hydrated crystals. It is mado by treating peroxide of lead, PbO 2 , with cold 
aqueous hydrochloric acid, when solution takes place without effervesconce, and on 
evaporation in vacuo, crystals of the tetrachloride separate out, together with much 
dichloride of lead. The solutions of the tetrachlorides of tin and lead arc decompose l 
by alkalis, with precipitation of tho respective peroxides, and by sulphuretted hydro- 
gen, with precipitation of the respective persulphides, tho former of a pale yellow, tho 
latter of an orange-red colour. The dichlorides of tin and load, which have been inci- 
dentally referred to when discussing the dyad metals, are roadily fusible, volatile 
solids, whose solutions, like those of the tetrachlorides, are decomposed by alkalis, with 
precipitation of their respective protoxides, and by sulphuretted hydrogen, with preci- 
pitation of their respective protosulphides, tho former of a dark brown, and the latter 
of 'a black colour. It may bo here observed that tho property of forming insoluble 
sulphides, not readily decomposed by water, constitutes a useful distinguishing character 
between the reguline and alkaligenous sub-groups of motals belonging to each of tho 
primary groups, this property being manifested by silver, zinc, cadmium, mercury, 
thallium, tin, lead, arsenic, antimony and bismuth, but not by potassium, caesium, ru- 
bidium, calcium, strontium, barium, titanium, zirconium and thorimim, or yet by the 
metals yttrium, cerium, lanthanum, and didymium, to which we shall presently refer 
more particularly. Many of the dyad salts of reguline lead, however, present a 
marked resemblance in properties to tho similar salts of the alkali-earth metals, and 
are frequently isomorphous with them, just as the monad salts of reguline thallium 
correspond with the similar salts of potassium. On tho other hand, an almost 
special characteristic of lead, and one strongly corroborative of its polyatomicity, 
consists in its very marked tendency to form double and snperbasic salts with mon- 
atomic radicles. Load differs also from its congener, tin, in tho greater degreo of its 
basylity, or power of neutralising even feeblo acids; while a further difference between 
them results from the superior stability of the di-salts over the tetra-salts of the one 
metal, and of the tetra-salts over the di-salts of the other. 

The less reguline sub-group of tetrad metals, namely, titanium, zirconium and 
thorinum, are associated with silicon and tin by the isomorphism of rutile, Ti(J*, 
and artificial thorina, ThO 2 , with native tinstone SnO* (Nordenskio Id and 
Chydenius, Pogg. Ann. cx. 642), and by tho vapour-densities of titanic and 
zirconic chlorides, TiCl 4 and ZrCl\ corresponding with that of stannic chloride, 
SnCl 4 . The sulphides of titanium, zirconium and thorinum are not producible 
in the moist way. Their oxides are hard crystalline bodies unattackable by ordi- 
nary acids, save the hydrofluoric. Their l\|drat6S occur as white gelatinous preci- 
pitates, which dissolve readily in acids, to fofprtnore or loss definite salts. Just as tho 
hydrates of the dyad alkaline-earth metals, are less soluble and basylous than 

those of the monad alkali-metals, so should we expect the hydrates of the unrecognised 
triad earth-metals, to be less soluble and basylous even than those of the dyads, 

and the hydrates of the non-reguline tetrad metals, M""H 4 0 4 or M""H 2 0*( *= M'"H 4 0 4 
— H*0), to be still less so. In other words, we should be prepared to find, in the 
sub-group of tetrad metals we are now considering, but a very inferior degree of 
basylity, more especially in the superior members of the sub-group, seeing that the 
degree of basylity habitually increases in the order of the atomic weights of the con- 
secutive metals. We accordingly find that the characters of hydrated titania are fully 
as much acid as alkaline, though we are nevertheless acquainted with sulphates, 
nitrates, phosphates and even a potassio-carbonate of titanium. But the basylity of 
zirconia is far better marked. Its silicate constitutes zircon ; its carbonate is formed 
by precipitation ; its sulphate is a soluble crystalline salt; while its potossio-sulphate 
is thrown down as a crystalline precipitate on mixing solutions of the separate sul- 
phates of potassium and zirconium. Thorinum forms a large number of well-defined 
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•alta, including a potassio-sulphate corresponding to that of aireohium in its character 
and mode of formation. Moreover, hydrated thozina is sufficiently basylous to expel 
ammonia from sal-ammoniac, and to absorb carbonic anhydride from the atmosphere. 

The metals yttrium, erb ium, cerium, lan than urn, and didymium possess the 
following properties in common with one another end with thorinum: — Their hydrates 
constitute gelatinous precipitates, which expel ammonia from sal-ammoniac solution, 
and absorb carbonic anhydride from the atmosphere. Their sulphides are not pro- 
ducible in the moist way, and their sulphates are precipitated by sulphate of potassium 
in the form of crystalline double salts. The equivalent weights of these four metals, 
^prhich replace 1 pt. of hydrogen to unite with 36‘5 pts. of chlorine, are Y 32, Kb «* 60 3, 
Tje 46, La 46, and Di 48, but what their atomic weights arc is altogether undecided. 
i X the present state of knowledge, their extreme basylity cannot any longer be regarded 
I inconsistent with their di-, tri-, or even tetmtomioity, and there nro some points in 
m V behaviour of didymium, at any rate, which are suggestive of its being a triad 
\ ^ent. Cerium is distinguished from lanthanum and didymium, as well as from 
y** by the facility with which it forms a superior and feebly sulitfablo oxide. 

1 tyJP V E*entad Metals.-— These are six in number, namely arson ic, anti- 
mow, ^’flihuth, vftnad i um, n iob i u m, and tantalum; they are associated with 
the non metallic nitrogen and phosphorus, just as t lie tetrad metals tin and load are 
associated rith the non-metnllic tetrads carbon and silicon. Although the pen tatom icily 
of the first four of these elements is very well established, as shown by the phosphoric 
and arsonic acids, for instance, and their corresponding chlorides and oxides, as formu- 
lated below, yet it must be admitted that their more general and characteristic beha- 
viour is triadic : 
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In some cases, moreover, these elements form monad compounds. Thus, Grioss has 
shown that, in a variety of organic bodies, a singlo aton^of nitrogen may bo substituted 
either for 1 or for 3 atoms of hydrogen. Phosphorus and its associated metals were 
formerly represented by atomic weights, the 1 ml res of those now universally adopted, 
and it is only within a very few years that the lmbit of writing the antimonious and 
bismuthous chlorides as sesquiehloridcs by the formula* 8b T Gl* and HPOl 1 , respectively, 
has been completely abandoned ; nor indeed is it very long since chloride of bismuth 
was frequently represented as a protochlorido by the formula BiCl. It is only, how- 
ever, with the atomic weights now employed, namely, P 31, As 7« r >, Sb 122, and Hi 210, 
that the atoms of t lio four elements have approximately the standard specific boat of 
6*2. The specific gravity of nitrogen gas being identical with its atomic, weight, or 
with the half of its molecular weight, the two-volume molecule of nit rogen is repre- 
sented by the expression N'"N'",just as that of oxygen is represented by 0"0",and that of 
hydrogen by H'H'. Deville, however, has shown that t ho vapour-densities of phosphorus 
and arsenic are tho doubles of their respective atomic weights, and that these densities 
when corrected, aro unalterable by any increase of temperature, so that t he two- volume 
molecules of phosphorus and arsenic havo to bo represented by the expressions P 4 and 
As 4 . Williamson lias very plausibly suggested that, while the molecule of nitrogen 
may be regarded as ammonia, N"TT\ in which the throe atoms of monatomic hydrogen 
are replaced by one atom of triatom ic nitrogen, N"'N". the molecules of phosphorus and 
arsenic may be regarded as phosphine and arsine, P "'H'* and As'"!!'*, in which the 
three atoms of monatomic hydrogen are replaced by three atoms of monatomic phos- 
phorus and monatomic arsenic respectively, P'T*'* and f As'^As'*. They may also 
be represented by formulae in which each of the atoms of phosphorus ,or arsenic 
PEEP 

is pentatomic; *•{/* 1 1 U- Except that bismuth does not form a trihydride, the 

volatile trihydridee, triethylides, and trichlorides of these five elements all form two* 
volume molecules, while the hydrogen, ethyl, and chlorine of the respective compounds 
are readily replaceable in thirds at three successive stages. The majority of the 
pentad compounds dissociate or decompose at or below their boiling points; but the 
molecules or nitric acid N’lTO"*, oxychloride of phosphorus P'CPO", oxy-ot.hylstibine 
Bb’Et^O", &c. &c., have vapour-densities which are the halves of their atomic 
weights, and accoidingly correspond with the normal two-volume standard. Arsenic* 
antimony, and bismuth differ from the majority of the metals in being destitute of 
malleability or tenacity, and are therefore very commonly described as brittle or semi- 
metals. Tucir reguline character is, however, very well murkod, and their sulphides • 
Vox. ILL 3(i 
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are easily formed by precipitation. The permanently reguline habit of arsenic, how- 
ever, ie less decided than that of its congeners ; for finely powdered arsenic oxidises 
readily in moist or heated air, and its precipitated sulphide is slowly decomposed by 
boiling with water. All throe metals manifest both acid and basic properties, the 
former being shown most strikingly by arsenic and the latter by bismuth. 

Vanadium was formerly regarded as a hexad analogous to chromium. Berzelius 
indeed obtained three oxides to which he assigned the formulae VO, VO* and 
VO* \ V =» 68 5 ; 0=*8]. The highest of thoso, namely, vanadic oxide, or anhydride, 
exhibits considerable resemblance to chromic anhydride CrO 3 , the two oxides being 
red or orange-coloured, non-fusible, crystalline solids, soluble in water, deccmposiblo 
by heat, and uniting with basic oxides to form very stable orange-coloured salts, fur 
example the native chromate and vanadate of lead, and the very characteristic bi- 
chromate or anhydro-chronmte of potassium, and the corresponding vanadate. On tho 
other hand, vanadium was known to form compounds isomorphous with analogous 
compounds of the phosphorus and arsenic group, vanadinite for example, which is a 
compound of vanadate and chloride of lead, being isomorphous with apatite, pyro- 
morphite and mimetesito, minerals consisting respectively of phosphatochloride of 
calcium, phosphatochloride of lead and arsenatoelilorido of lead. This anomaly gave 
rise to the suspicion that vanadium might belong to the phosphorus group of elomcnts, 
and this view lias been completely established by tho experiments of Roscoe, who has 
shown that the supposed metallic vanadium of Berzelius was really an oxide, and that 
th€ nuantities of oxygon in this and the three higher oxides above mentioned are in 
the proportion of the numbers 2, 3, 4 and 5, these oxides being in fact represented by 
the formulae V 2 0 2 , V 2 0 3 , V*0\ V 2 O s , and the metal vanadium, which Roscoe has 
isolated by reduction of the chloride with hydrogen, having the atomic weight 51. 
Koscoe has also shown that vanadic anhydride V 2 0* forms with metallic oxides three 
classes of salts, viz. orthovanadates 3M 2 0.V 2 0 4 , pyrovanadates 2M‘0.V*0 9 , and 
motavanadates M‘*0.V 2 0 4 , analogous to the three woll-known classes of phosphates. 
He has also obtained the three chlorides VOl", VCl a , VCi 4 , and several oxychlorides, 
one of them, V0C1 3 , being analogous to phosphorous oxychloride POC1 3 . The formulae 
of the di- and. tetra-chlorides, which are confirmed by the vapour-densities of tho 
respecti% compounds, show l^at vanadium exhibits an exception to tho general rule 
that ther variation of atomicity or combining capacity in an element takes place by 
pairs of units ; in other words, they show that this element is both artiad and 
perissad. 

Tantalum and Niobium differ from tho pentad metals above noticed in being 
solely pentadic, and not forming any triadic compounds like PCI 3 , As"O s , &e. 

Tantalum, discovered in 1802 by Ekeberg in tantalite and yttrotnntalitc from 
Finland, was formerly regarded, in accordance with the experiments of H. R so, as a 
tetrad, forming tho chloride TaCl 4 and the oxide TaO 2 [Ta = 138] ; but from tin; 
observations of Marignac on tho isomorphism of the fluotantalates and flunniobates, 
and the vapour-density 12*42 of the chloride, as determined by Dcvillo and Trooat, it 
appears that the true formula of the chloride is TaCl ft and that of tantalic oxide or 
anhydride Ta ? 0 4 [Ta = 182]. There is also a lower oxide TaO 2 . (See vol. v. pp. 
662-669.) 

Niobium or Columbium, discovered by Hatchett in 1801 in American columbite, 
was pronounced by Wollaston in 1809 to be identical with Ekeberg’s tantalum. But 
the more exact experiments of H. Rose have shown that the two metals are distinct. 
They occur together in almost all tantalites and columbites; but some tantalit* s, as 
that of Kimito in Finland, are free from nfobium, and some of tho Greenland cohun- 
bites contain only tho latter metal umnixed with tantalum. The two metals aro 
extremely difficult to soparate, and it wW their simultaneous occurrence which vitiated 
the early analyses of the minerals containing them. Niobium forms a pentachloridc 
NbCl 4 , and an oxychloride NbOCl 3 [atomic weight of niobium = 94], the formula* of 
which are e.stablished by their analyses and vapour-densities. Niobic oxide or anhy- 
dride Nb 2 0 5 unites with basic oxides forming tho niobates. The native columbites 
are niobates of iron and manganese, (FeO ; Mn0)Nb 2 0\ According to Dolafontaine 
there are also two lower oxides NbO and NbO 2 , but their constitution is not well 
established. (See vol. ir. pp. 48-58.) 

Group VI. Hexad Metals. — The metals characteristic of this group — namedy 
tellurium, molybdenum, and tungsten — are but imperfectly known. Their 
hcxatomicity, however, appears to be established by the analogy subsisting between 
certain of their compounds and the similar hexatomic compounds of the non-metals 
sulphur and selenium, thus : 
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With the atomic weights S 32, Se 79 5, Te 12* and W 184, the specific heals of the 
atoms of snlphur, selenium, tellurium, and tungsten approximate to the number 6*2 ; 
while the specific heat of the atom of molybdenum, Mo 96, has yet to be ascer- 
tained. The vapour-densities of the oxychloride and trioxide of sulphur are the halves 
of their respective atomic weights, and their molecules consequently accord with the 
normal two-volume standard. The corresponding compounds of molybdenum are also 
volatile, but at too high a temperature to allow of the rnuiy determination of their 
vapour-densities ; and tho same remark applies to the hexcliforide arid oxychloride of 
tungsten. But trioxide of tungsten is tlxod in tho fire, while trioxido of tellurium 
decomposes into dioxide and freo oxygen, as does inde«\i vaporised trioxido of 
sulphur at a red heat. Tho semi-metal tellurium is isomorphous with, and in its 
general characters and behaviour very closely resembles, tho semi-motal antimony, 
the two elements obviously occupying analogous positions in tho sulphur and phos- 
phorus groups respectively. Tho exact position of molybdenum in relation to the 
sulphur-group proper is as yet undetermined. With an atomic weight much inferior, 
it exhibits metallic ^characters far move perfectly than tellurium, while its most 
characteristic compounds have just tho constitution and general properties which 
those of a metallic analogue of tho sulphur elements might be expected to present. 

The association of tungsten with molybdenum, t hough scarcely established beyond 
question, is not improbably analogous to that of bismuth with antimony, tin with 
lead, &e., the difference in atomic weight between the several pairs of elements being 
almost identical. The trioxides of tellurium, molybdenum, and tungsten occur as 
insoluble powdors, which have many properties in common, including a marked 
tendency to form nnhydro-snlts with tho stronger bases, and a capability of acting as 
feeble bases to the stronger acids. Tungstic acid WIl 'O 1 , and its hydrate WH J 0 4 .llH), 
have been described by Itieho (Ann. Ch. Phys. [3| I. 6), but molybuie acid is not 
known in tho isolated state, though its salts, formed on tho typo MoM-O 4 , are very 
well defined. Graham, however, obtained both molybdie and tungstic acids in the 
colloid form, as perfectly soluble compounds possessed of considerable stability, 
having decidedly acid characters, and altogether closely resembling one another 
(Proc. Roy. Soc. xiii. 340). Tho trisulphides of molybdenum and tungsten aye power- 
ful sulphnnhydridoH, which combine with sulphide of potassium to form beautiful red 
and orange crystalline salts. The several elements now under considoratictti are not 
only hexatomic, but also tetratomie, and in some cases even diatomic, just as wo have 
Been that tho pontad element** aro triatomic aud even monatomic. Thus wo have - 
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Tungsten is also pentatomie, forming tho compounds W01* and Will* 1 (Roseoo) : 
consequently, like vanadium it exhibits an exception to tho general law of the variation 
of atomicity by pairs of units. 

The vapour-densities of tho hydrides of oxygon, sulphur, selenium, and tellurium, 
and of the chlorides of oxygen and sulphur among tho dyad compounds, as well as of 
dioxide of sulphur among the tetrad compounds, are tho halves of their atomic, 
weights ; or their respective molecules correspond with t ho normal two-volume standard. 
Of the other compounds above tabulated, the protoxide of molybdenum, and the 
disulphides of molybdenum and tungsten, are not volatilisable, while tho remainder, 
though volatile, have not lmd their vapour-densities determined. In a classification 
of elements according, not to their maximum, but to their most characteristic atomi- 
cities, oxygen, sulphur, and by consequence selenium and tellurium, would probably bo 
regarded as dyadic. 

Group VII. • Heptad Mot als. — The elements referred to at tho commencement 
of this article under tho head of non-mctallic monads, namely ch lori no, brorn i n e, 
and iodine, have the property of forming, in addition to their respective mon-hydrides, 
well-marked triad, pentad, and even heptad compounds, examples of which last are 
afforded by their respective quadroxy-acids, CMHO 4 , Br*“I£0\ I*“J10 4 , and (I’ r “)*0 T . 
Iodine, though in some sense the representative of tellurium and antimony, cannot 
rank even as a semi-metal, but we are acquainted with at least one perfect or malleable 
metal which in some of its compounds may bo regarded as beptadie, namely manga- 
nese. With the atomic weight 55, tho atom of manganese has the same specific heat 
as the atoms of chlorine, bromine, and iodine, namely 6'2, and forms n well-defim*d 
acid of moderate stability, the permanganic acid Mn^'HO 1 , whose potassium-sal t, 
Mn* J, KO\ is isomorphous with perchlorate of potassium, C1* ,I K0 4 . The general 
properties of manganese, however, will bo more Appropriately considered in tha 
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next section devoted to the iron family of metals. The succeeding table of chlorides, 
hydrides* and hydrates is not without interest as exhibiting the characteristic atomi- 
cities of the different groups of elements : — 

Li'Cl G"C1* B"'C1* C""H 4 N"'H* 0"H* FH 

Na'HO Mg"H 2 0 2 A1'"H 3 0 3 Si""H 4 0 4 P T H*0 4 S r, H 2 0 4 C1 T,I H0‘ 

Having regard to the upper line of compounds, carbon may be regarded as placed at 
the apex of two converging series of elements of increasing atomicities ; while having 
regard to the lower line of compounds, it will appear as the middle term of a single 
series. It is observable that the atomic weights of carbon and silicon correspond very 
closely with the arithmetical means of the atomic weights of the elements placed 
respectively on the same lines with them, for 8 ? K = 12*6 and ^ = 28‘7. 

Group VIII. Iron Metals. — The elements previously discussed are for £he 
most part capable of being arranged in two general divisions, accordingly as they 
combine with an odd or even number of atoms of halogen or hydrogen. To such of 
them as combine with two, four, or six atoms of chlorine, &c., the designation artiad, 
and to those which combine with one, three, five, or seven atoms of chlorine, &c., 
the designation perissad maybe conveniently applied. Vanadium and tungsten, 
however, as already observed, unite both with odd and with even numbers of halogen 
elements ; and the same property is exhibited by the metals now to be considered. 
Such elements may not inappropriately receive the designation of p e ri s-arti ad. 
Among the members of this group attention will be more especially directed at first to 
the metals iron, nickol, copper, manganese, and cobalt. The most ordinary of the 
several series of compounds formed by those metals correspond closely with the similar 
compounds of zinc, in their saline constitution, water of hydration, crystalline form, 
and general chemical properties. Accordingly, if zinc is to be regarded as dyadic 
with the atomic weight 05, then iron, nickel, copper, manganese, and cobalt must also 
be regarded as dyadic, and receive the atomic weights given on the upper, instead of 
tho formerly received atomic weights given on the lower of the following linos : — 

Fe 56 Ni 69 Cu 63 5 Mn 55 Co 69 

Fe 28 Ni 29 5 Cu 31*75 Mn 27*5 Co 29 5 

With these doubled atomic weights, the iron-mctals will have the normal specific heat 

expressed approximately by the number 6*2, instead of the abnormal specific heat 
expressed by the number 3T ; and several other advantages resulting from the dupli- 
cation will be manifested further on. Adopting, then, the atomic weights which are 
in harmony with the specific heats of the metals, the ordinary ferrous, manganous, &c., 
salts will be represented as dyad compounds by the formulae M"CP, M"O t SM"0*, &e. 
Some evidence also of the existence of tetrad compounds is afforded by pyrolusite, 

iron-pyrites, Fe""S 2 , mid an artificial sulphide of nickel, Ni""S 2 . Moreover, 
according to experiments made by the author, there would appear to exist an unstable 
tetrachloride of manganese, MnCl*, corresponding to the unstable tetrachloride of 
lead, PbCl 1 , just as the peroxides of the two metals, MnO* and PbO 3 , also correspond 
with one another. Be this as it may, the ferrates and manganates, Fe’ rl K ? 0 4 and 
Mn Tl K 2 0 4 , analogous to the sulphat* s SK*0*, furnish decisive examples of the existence 
of liexad compounds ; and the mutual analogy of these three classes of salts affords an 
obvious argument in fkvour of adopting the atomic weights Mn 55 and Fe 56, whereby 
alone they can all three be represented by analogous formula?. Tho association with 
one another of the five metals now unde* consideration centres in the remarkable 
parallelism subsisting between nickel and cobalt. By its intermediate properties 
nickel serves to connect iron and eopp& jrith one another ; while its relationship to 
the former metal corresponds evidently With that of cobalt to manganese. Tha asso- 
ciation of copper with iron through the intervention of nickel seemH scarcely to receive 
that thorough recognition to which, in the author’s opinion, it is entitled (Phil. 
Mag. xiii. 486), apparently because of tho facility with which they may be analytically 
separated from one another. The three metals have the same atomic volume, namely 
88, which is likewise that of manganese, cobalt, and possibly chromium, but of no 
other metal whatever. Their specific gravities, calculated or experimental, occur in 
regular sequence, as do also their atomic weights. Iron is the most infusible and 
weldable, then nickel, then copper. The three metals Are soluble in hydrochloric acid 
with evolution of hytirogen, iron most readily, then nickel, then copper; they pre- 
cipitate the somewhat basylous metals, tin and cadmium, from their boiling solutions ; 
and alike form salts of a marked green colour, complementary in some measure to 
the pink colour of manganous and cobalt salts. Their hydrates are soluble in sal- 
ammoniac and ammonia, iron to^a slight extent only, then nickel, copper most of ail. 
Thoir Bulphides are soluble in* hydrochloric acid with evolution of sulphuretted 
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hydrogen; but while the procipitation of sulphide of iron maybe prevented by ft' 
slight acidulation, that of nickel requires a larger proportion, and that of copper a verr 
much larger proportion of acid. The sulphates of iron and nickel crystallise with 
seven atoms of wnter, and are isomorphous with one another; but sulphate of copper 
usually crystallises with five atoms of water, and is isomorphous with the corre- 
sponding sulphato of manganese. On the other hand, the sulphates of i ron and copper 
crystallise together in all proportions, the mixed salt being heptahydrnted and having 
the form of sulphate of iron, or pentahyd rated and having the form of sulphate 
or copper, according to the preponderance of either metal. Again, the double potassio- 
sulphates of all three metals crystallise with six atoms of water, and are isomorphous. 
It is evident, however, in comparing the five metals with one another, that manganese 
and iron, which are at ono extremity of the series, have a tendency to form hyper- 
oxides, and that copper, which is at the other extremity, has a tendency to form 
hf^o-oxides, while cobalt and nickel are intermediate both in position and tendencies. 
Now, it is just some of these distinctive peroxidised compounds of manganese and iron 
on the one hand, and suboxidised compounds of copper on the other, that furnish 
us with illustrations of perissiwi forms of combination. Thus, manganese, whose 
general artiad character is shown by its forming dyad, tetrad, and hexad compounds, 
as we have already seen, is nevertheless indisputably perissad in the permanganates. 
The permanganates, Mn^'KO 1 , for example, resemble the corresponding perchlorates 
CR'MlO 4 , in constitution, stability, solubility, crystalline form, specific heat, &c., and. 
with the high atomic weight for manganese, are expressible by similar formula*. The 
perchloric and permanganic acids are analogous, unstable, and powerfully oxidising 
compounds. Dumas has also described a volatile perch loride of manganese, supposed 
to be a hoptachloride Mn w ‘CI 7 , which is decomposed by water into hydrochloric and 
permanganic acids ; but H. Rose has shown that it is an oxychloride Mn’ l O J Cl*, 
analogous to chromic oxychloride (V‘0 3 C1*. 

Passing to the opposite member of the iron group, we find copper furnishing a whole 
series of salts, which, represented by t lie most simple formula* with the doubled atom of 
copper, Cu f}3‘/>, agree closely in chemical constitution and properties, as well as in 
specific heat and crystalline form, with the corresponding salt* of the monad niotal 
silver. Cuprous chloride Cut'!, and silvor chlorido AgCl, agree in the following 
characters. They have the samo specific heat and crystalline form ; are producible ns 
white precipitates insoluble in water, but soluble in ammonia and in boiling hydro* 
chloric acid, to form colourless solutions. They diasolvo also in solutions of the alka- 
line chlorides forming similar double salts, which Kooquorol obtained elect rolytically in 
crystalline forms belonging to the regular system. The bromides and iodides of the two 
metals correspond with one another and with the chlorides, in form, solubility, reaction 
with ammonia, production of double salts. &c. &c. Tho amorphous oxides, Cu*0 
and Ag a O, resemble one anotljer, but oxide of copper has alone been obtained in 
crystals, which are octahedral. Tho sulphides exhibit, a remarkable correlation. 
Cuprous sulphide, Cu 7 S, is dimorphous, and while the artificial compound is isomorphous 
with silver-glance, Ajg 3 ^, in the regular system, the native form or* copper -glance is iso- 
morphous with silver-copper-glance, Ag£u8, in tho trimetric system. Miargyrite ami 
antimonial copper are similarly constituted compounds, AgSbS*and CuSb.H 1 respectively, 
while boumonite Pb"CuSbS*, and red silver Ag“.Sb.S B , aro similar and isomorphous. 
Tho convertibility of cuprous into cupric compounds constitutes, indeed, tho only 
marked peculiarity of behaviour distinguishing them from tho similar compounds of 
silver. So long as they continue to be cuprous compounds, the resemblance between 
them and their silver analogues is as great as that between tho corresponding com- 
pounds of any two associated metals. But despite the analogy of cuprous to silver 
chloride, for instance, and of permanganic to perchloric acid, it has boon proposed to 
double the molecular formula; of all cuprous and permanganic comjHninds, and conse- 
quently to express thorn by formulae dissimilar to those of their respective, silver arid 
chlorine analogues. By this means the formulae CnH-l 1 ami Mn*ll '0*, for instance, 
will certainly be brought into harmony with the law of even numbers, but at a very 
heavy sacrifice of simplicity and analogy. Fully admitt ing the great and not generally 
appreciated value of*Laurent and Oerhardt’s law, :t must yet be remembered that 
these distinguished chemists themselves pointed out its inapplicability to the perissad 
compounds of the iron metals, save by admitting for each metal two different atoms 
represented by two different symbols ; and it may also be asked whether the received 
mode of expressing Laurent aud Oerhardt’s law might not be advantageously modified 
into some such dictum as the following, that “in every compound the sum of the 
atomicities or equivalencies is an even number.” 

Just as copper and manganese, though usually dyadic, are associated with monadic 
silver and heptadic chlorine respectively, so is iron, though usually dyadic, Associated 
*rith triadic aluminium. Ferric chloride, oxide, and compounds generally, present suck 
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* an analogy to aluminic chloride, oxide, and compounds generally, that similar formula? 
ought necessarily to be applied to the similar series of bodies. Confining ourselves for 
simplicity’s sake to the case of the two chlorides, we have to choose between the 
formulae A1C1* and FeCl 3 , on the one hand, and the formulae Al 2 Cl* and Fe 2 Cl* on the 
other. The more complex expression for ferric chloride, Fe 2 Ci*, is certainly recommended 
by several considerations of indisputable importance, but not, in the author’s opinion, 
of such paramount importance as positively to require its adoption. Thus, the formula 
Fo 2 Cl a is in harmony with the law of even numbers, as usually enunciated ; but the 
simpler formula would agree equally well with the law, if modified in its expression as 
above proposed. Again, the formula Fe 2 Cl a is in harmony with the constitution of 
certain mixed and basic salts of ferricum investigated more particularly by Scheurer- 
Kestner (Bull. Soc, Chim. 1863, p. 344), in which one-sixth of the acid radicle com- 
bined with the ferricum differs from the remaining five-sixths, as in ferric aceto -nitrate, 
for example, Fe 2 (C 2 H*0 2 ) 3 (N0 3 ) 2 H0, or Fe(C*H 3 0 2 ) 3 .Fe(N0 3 ) 2 H0 ; but the numbe^of 
salts known to be formed on duplicate types is now so great as to deprive this considera- 
tion of any extreme consequence. No one, for instance, contends that the constitution of 
tri-acid oxalate of potassium, C 2 H 2 0‘.C 2 HK0 4 , necessitates the accordance of the 
formula C*H 4 0* to oxalic acid. Lastly, the formula Fe 2 Cl* is in harmony with the 
vapour-density of ferric chloride, as determined by Deville, who found that two 
volumes of vaporised ferric chloride contain twice 56 parts of iron, and six 
times 35 5 parts of chlorine, just as two volumes of vaporised chloride of aluminium 
contain twice 27‘5 parts of aluminium, and six times 35*5 parts of chlorine. ThiB is 
no doubt a very important result, and one which, unless susceptible of some explanation 
direct or analogical, would be decisive of the question. But there are undoubtedly 
certain bodies of which the acertained vapour-densities, no matter how accounted for, are, 
as a matter of experiment, discordant with tho chemical analogies of the respective bodies. 
For instance, the quantity of phosphorus which bears to the molecule of phosphoretted 
hydrogen, PII 3 , the same relation that the molecule of nitrogen bears to the molecule of 
ammonia, has only half the bulk of these several molecules. Again, tho quantity of 
whito arsenic which bears to tho molecule of arsenious chloride, AsCl 3 , the same relation 
that tho molecule of water bears to tho molecule of hydrochloric acid, has only half tho 
hulk of these several molecules. Lastly, the quantity of aluminic chlorido which bears 
to the molecule of aluminic othido, AlEt 8 , tho relation which tho molecule of corrosivo 
sublimate bears to the molecule of mercuric cthide, has only half the bulk of these 
several molecules. In these cases, tho results flowing from tho anomalous volumes of 
froe phosphorus, arsenious oxide, and aluminic chloride are corrected by having regard 
to tho normal volumes , of other volatile compounds of phosphorus, arsenic, and 
aluminium respectively ; and bearing in mind the great resemblance between aluminic 
and ferric compounds, is it not probable that the ascertained volume of ferric chloride 
may be also anomalous, and hereafter be provod to be anomalous by comparison with 
the vapour-densities of as yet undiscovered volatile compounds of ferricum having 
normal volumes? Whether it be that certain bodies havo two distinct condensations 
corresponding to two distinct molecules, of which in some cases the ordinary, in some 
cases the extraordinary, and in other cases both, are experimentally known ; or whether 
it bo that these bodies have each in reality but a single condensation and a single 
molecule, which in some cases has not been correctly ascertained, through the employ- 
ment of a temperature insufficient to render tho body perfectly elastic, the fact remains 
that the ascertained vapour-densities of a considerable number of bodies are not in 
harmony with their most characteristic chemical relations, though, in the majority 
of instances, theso anomalous results are divested of importance by other determina- 
tions of vapour-density, either of tho same bodies raised to higher temperatures, or of 
allied bodies having a more decided volatility. Even allowing, therefore, that ferric 
chloride, at the tomperature at which its density was taken, has the molecular formula 
Fe 2 Cl'*, it by no means follows that under other conditions it may not have tho 
simpler molecular formula FeCl*. Accepting the formula FeCl 3 for the chloride, 
certain other important ferric compounds will be represented as follows : the hydrates 
ns Fe"H a O* ana Fe'TIO 2 ; the oxide as Fe'" 2 0 3 ; the black oxide as FeOFe^O 3 or 
l’VO*; and iron alum as KFo"'(S0 4 ) 2 .l 2H 2 0. Thus the constitution of iron alum, 
like that of common alum, becomes a direct consequence of the triatomicity of its 
characteristic metal. Cobalt and manganese both form oxides corresponding to ferric 
oxide, and manganese forms in addition an unstable manganic chloride, Mn"'Cl 3 , and 
manganic alum, KMn"'(S0 , ) i .12lT ! 0. These formulae of course depend for their 
warranty upon those for the corresponding ferric compounds. 

Chromium, according to tlie normal atomic heat 6 2, will have the atomic weight 
b'l'b* instead of 26 25, the heretofore generally received number. It forms three well- 
defined chlorides, viz. the dichloride Cr''Cl 3 , trichloride Cr*"Cl*, and oxychloride or 
chlorockromic acid Cr^CPO 2 . This last compound is readily volatile, and its asccr- 



AND CLASSIFICATION OF. 


«(» 


tamed vapour-density being the half of its atomic weight* its molecule is rofhrrible to tho 
normal two-volume standard. The dichlorido and trichloride are also volatilisable tom- 
pounds* but their vapour-densities have not been determined. ThAtof tho trichloride* 
however, would probably present the sarao peculiarity as the analog n s alumiuic and 
ferric trichlorides; and judging Bolely by vapour-density, tho compound would coubo- 
quently have to be represented by the formula Or 1 Cl*. (-brumous salts correspond 
closely to ferrous salts in their general behaviour, and especially in their absorption 
ot nitric oxide, with production of dark brown compounds. They have, however, a 
red or bluish colour more like that of cobalt salts. Alkali no sulphydrates throw down 


a black precipitate of chromous sulphide, and caustic alkalis a palo coloured procipitAte 
of chromous hydrate, soluble in sal-ammoniac and ammonia. The tendency ot this 
last precipitate to become poroxidi^cd greatly oxceods even that of ferrous hydrate, us 
proved by its gradual deoxidation of water with liberation of hydrogem The double 
gblp hate of chrome and potassium, K' i Cr'\S0 4 )' 2 tm 2 0 1 is isomorphous with the 'Similar 


But, unlike the similar compounds of fcrricum, chromic, oxide is decomposed by fusion 
with carbonated alkalis into cliromate and an inferior oxide; chromic hydrate is 
soluble in cold solutions of caustic alkalis ; while chromic salts react with sulphide of 
ammonium to produce chromic hydrate and sulphuretted hydrogen, though this last 
difference may possibly bo only one of degree depending upon the difficult roducibility 
of chromic compounds: fur it is doubtful at least whether the precipitate produced by 
sulphide of ammonium in ferric salts is other than a mixture ol sulphur and ferrous 
sulphide. Chromic anhydride CV‘G\ the most characteristic of all the compounds of 
chrome, forms well defined salt* having tho same general formula as the mnngniiatcs, 
ferrates and sulphates XM*0«. Its resemblance to vaimdic anhydride, a compound 
belonging to the pentad group, has been already noticed (p. 9(>H). 

Uranium is usually classed with the iron metals, for although possoHs.ng but little 
resemblance even to them, it has still less to any other group of olomeuU. dhetor. 
mula? ot uranium-compounds, and the atomic weight of uranium must be regarded for 
the present as not finally determinable, since the analytical results cannot yet be 
controlled by any considerations derived from vapour-density, isomorphism, •prjifle 
lieat, or strict chemical analogy. Tho proportion of uranium which unites with 3ft ft 
parts of chlorine in uranous chloride, is found to bo GO parts .and accordingly the 
atomic weight of the nu-tal may bo fixed at GO, or 120, 180, 240, &e. The ready 
volatility of uranous chloride is in favour of its molocu o containing more than one 
and indeed oven more than two atoms of chlorine ; while the high specific gravity 
uranium, 18 4, would seem to assoc ial e ita atomic weight with thoso of such heavy 
metals as tungsten, specific gravity I7'G, atomic weight 181 ; gold, specific gritty 
19 3, atomic weight, 190*6; and platinum, specific gravity 21*o, atomic woigUt MU 
although tho correlation of specific gravity with atomic weight is undoubted Ay «iibj<w_t 
to many vagaries. Altogether, it seems most arlvisablo U> ^iime that tho ato.n e 
weight of uranium is 240, and that tho formula of its subchhirnJo is U;C1 , while that 
of uranous chloride is UCi\ and that of uranic oxychloride U Oil • Aqueous 
uranous chloride and uranous salts in genera have a marked green colour, but 
furnish a red-brown gelatinous hydrate, soluble in carbonated alkalis. 1,1 y . re 
completely decomposed by the earthy carbonates with evolution 

They yield a black precipitate with sulphide of ammonium, and lls " r ™"‘Y 
t-XDOHure to air Uranic salts aro ot a lemon-yellow colour, and posHcM in n 
characteristic decree the property faintly shadowed forth in a tew trisalts of antimony , 
chromium &c„ Of being derived from their respective acids by a substitution, not of 
metal, but of metallic oxide for basic hydrogen, which metallic oxide is 
from one compound to another, throughout the entire series of doub e feoi m^si ill. ns 
hl h JCi ta are liablo. There is accordingly no hoxchloritlo UU or hoxnitrato 

^m^m^altTavin^the td yield prccipLu’s of 

alkaline uranate, K'O.ZUO*. for insUnce, with caustic alkalis. 
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GsotJp IX. Platinum Metals.— The metals palladium, rhodium, ruth#'- 
niufh, platinum, iridium, and osmium, though differing considerably in many 
of their chemical habitudes, are nevertheless separated from all other elements, and 
associated with one another, by certain very disti active characters. With the normal 
atomic heat 6*2, their several atomic weights will be as follows: — Os 199, Ir 197, 
Ft 197, Pd 106*5, Ru 104, and Eh 104. The specific gravities of the first three metals 
having the higher atomic weights are about 21, while those of the other three having 
the lower atomic weights are between 11 J and 12. Each of the metals of low atomic 
weight seems to be more especially correlated with some particular one of the metals 
of high atomic weight, palladium with platinum, rhodium with iridium, and ruthenium 
with osmium ; and all six metals are found associated together naturally in the metallic 
state. They are all infusible save at the highest temperatures, such as that attainable 
■with the oxyhydrogen blowpipe. The platinum metals resemble certain metals of the 
iron family in the polychromatism of their salts, the permanency of their double 
cyanides, and the perisartiad seriation of their chlorides, oxides, &c. 

Palladium and platinum belong to the class of noble metals. They do not combine 
directly with oxygen, even at the highest temperatures, while their chlorides and in- 
directly produced oxides are reducible to the reguline state by heat alone. Their di- 
and tetrachlorides aro the most characteristic of their combinations. Palladium is 
said to form an inferior chloride PdCl, and oxide Pd 2 0, analogous to those of cuprosum, 
but its ordinary salts are typified, as above remarked, by the dichlorido PdCl 2 , and the 
tetrachloride PdCl 4 . The former is crystalli sable and soluble in water, while the latter 
is known only in solution. They both produce crystallisable double salts with chloride 
of potassium, ammonium, &c. Platinum forms a well-dofined crystalline tetrachloride 
PtCl 4 , which by a regulated heat is convertible into the dichloride PtCl 2 , insoluble in 
water but soluble in hydrochloric acid, and also in solution of the tetrachloride, forming 
apparently a double or intermediate chloride Pt'*Cl d or PtCl 3 . Both the di- and tetra- 
chlorides of platinum form crystallisable double salts with the chlorides of alkali- 
metal, &c. 

Rhodium and iridium, though permanent in the air at all temperatures when in the 
massive state, seem to be more readily oxidisable by treatment with chemical agents 
than the metals last considered. At the samo timo their several oxides are reducible by 
heat alone. The trichlorides are the most characteristic of their respective chlorides, 
and are typical of their ordinary salts. Rhodium forms an insoluble dichloride RhCl 2 
of which very little is known, and a soluble deliquescent rose-coloured trichloride RhCl 3 , 
one molmpule of which combinos with either two or three molecules of alkaline chloride 
to forift beautiful crystalline salts of a rose-red colour, whence the name of the metal. 
Iridium, so called from the polychromulisni of its salts, forms a dichlorido IrCT\ in- 
soluble in wator, but forming soluble red-coloured salts with the alkaline chlorides ; a 
comparatively stable trichloride IrCl 3 , whose solution is of an olive-green colour, and 
whose double potassio-chloride 1ms the formula 3KCl.IrCl 3 ; and a tetrachloride 
lrCl\ known only in the form of its potassio-chloride 2KCl.IrCl\ which is a crystal- 
lisable salt of almost black colour, while the corresponding hydrated oxide Ir0 2 .2U*0, 
occurs as an indigo-bluo precipitate. 

Ruthenium and osmium differ from the other platinum-metals in the degree of their 
oxidisability, ruthenium forming a trioxide RuO* and a tetroxide RuO 4 corresponding 
to the unknown chlorides RuCl* and RuCl 8 , and osmium forming both a trioxide OsO a , 
with its corresponding chloride OsCl*, and a stable volatile tetroxide OsO 4 ; these 
totroxides are the most highly oxidised compounds of any elements whatsoever. 
Ruthenium and osmium, moreover, are directly oxidisable, and even combustible, in 
air, at temperatures varying with their sUufce of aggregation, and the resulting oxides 
are not reducible by any increased tempei^ure to which they have been subjected. 
Ruthenium forms three chlorides RuCl 2 , RuCl 3 , and IluCl 4 , with the corresponding 
oxides RuO, Ru 2 0 3 , and RuO 2 , of which the trichloride and trioxide are typical of 
ordinary ruthenium salts. The dioxide, produced by heating ruthenium with osmium 
in a current of air, though not volatile per se is carried over by the.osraic vapouri and 
condenses as a crystalline sublimate of well-defined square prisms. Fused with nitre, 
all the above oxides of ruthenium produce a soluble orange-yellow salt, the rutheniate 
of potassium K 2 0.Ru0 3 . Osmium forms four chlorides OsCl 2 , OsCl 3 , OsCl*, and 
OsCl*, all of which volatilise by heat and produce double salts with the alkaline 
chlorides. It also forms the corresponding oxides OsO, 0s 2 0 3 , OsO 2 , OsO* and an 
additional oxide OsO 4 . The trioxide, though scarcely known, save in the form of its 
potassium-salt K*0.0s0 3 .2H 2 0, which crystallises in rose-coloured octahedra, seems 
to have decided acid characters. Tetroxide of osmium OsO 4 is a very remarkable 
body. It occurs in flexible aeieular colourless crystals, freely soluble in water. It 
fuses at a gentle heat and boils at 100°, with conversion into a pungent noxious 
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K>ur, whose specific gravity is the half of its atomic weight. It seems to be qirte 
oid of acid properties, since it is evolved from its solution in caustic alkalis by 
i pie ebullition, while its solution in water has no action upon litmus paper. 


rhe numerical relations subsisting between the atomic weights of the several 
ments have for a long time past, excited considerable interest among chemists, and 
re not. uu naturally led to a considerable amount of speculation. 

Seeing that these atomic weights range from 1 (hydr gen) to 210 (uranium') the 
►stion arises whether the varied chemical properties of the elements are distributed 
ong them haphazard, or according to some definite system, of which the relation- 
p subsisting between their several atomic weights may possibly serve as a key. 
w tho atomic weights, as distinguished from tho combining proportions, of yttrium, 
ium, cerium, lanthanum and didymium, must be regarded for the present as quite 
mown. Out of the 58 dome nts. however, whose atomic weights have been more or 
i well determined, 46 have atomic wciglita ranging from 1 to 187 in an almost, 
woken succession ; 10 of the other 12 have atomic weights ranging from 18+, that 
tantalum, to 2 JO, that of bismuth; while the remaining two, namely thorium and 
.niurn, have the closely approximating atomic weights 288 and 210 respectively. 
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[ n this table tho symbols of the elements are arranged in tho order of tho atomic 
ights, except only in the case of tellurium, tho symbol of which is placed imme- 
t ely above instead of below that of iodine; its atomic weight has perhaps beep 
newhat over-estimated. Departing from the order of numerical serial ion* .in this 
rticular only, it is remarkable with what facility the symbols ot the elements may 
arranged in parallel lines and columns, corresponding with a natural classification 
the elements themselves into analogous groups and series. Indeed a study of tho 
tiro number of elements at present known would seem to indicate that th< y are Olio 
d all associated with each other by a certain community of relationship, of which tho 
Il-known gradation and parallelism in properties and atomic weights, of tho 
mi be rs of tho alkali and earth-alkali, and of the halogen and oxygen families of 
moots, afford only tho most prominent examples. 

Taking tho second line of the tablo as an illustration, it is observable t hat the first 
ren metals symbolised therein are distinguished from all tho others by the property 
forming one chloride only and that a dicliloride; further that the metals in the 
even -numbered columns of this line, numbly magnesium 24, zinc (Jo mid cadmium 
2, are permanent in the air, volat disable in tho direct, and basylotis in the inverse 
ier of their atomic weights, and are otherwise specially associated with one another, 
lilo the similarly associated metals in tho first three alternate or even -numbered 
lumns, namely calcium 40, strontium 87 A and barium 137, are quickly oxidi*ble in 
e air, are practically non-volatile, and ere basylous in tho direct instead of in the 
perse order of their atomic weights ; and similarly on the other lines of the table, 
e elements are divisible into sub-groups according to their odd and even positions. 
Such being the relationship of the elements placed in the same lino, the relationship 
those placed in the same column is of a different kind. Taking the third and 
renlh columns by way of illustration, it is observable that the consecutive elements 
each column have closely consecutive atomic numbers ; that the element on the 
st line forms a monochloride, that on the second line a dichloride, that on the third 


» Am »Uo MendetejHT, Ann Ch. Pham*. *ill. Supplmnciitband, IM. 

f note* of Interrogation indicate that tlw position iu the wriei of the element* to which they are 

ached is doubtful. 
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a trichloride, and that on the fourth a tetrachloride ; while those on the fifth, sixth and 
seventh lines form oxides*or oxychlorides corresponding to a penta, hex- and hepta- 
chloride respectively. 

The preceding table shows also that about five-and-twenty new elements are 
required to fill up the gaps in the different series; and it is possible that other new 
elements may be discovered with atomic weights greater than that of uranium. 

Another idea suggested by comparisons like the foregoing is that it scarcely seems 
probable that bodies capable of being arrangod in so well-marked a numerical series 
are really elementary and mutually independent; a more likely supposition seems to 
be that the gradation of properties and atomic numbers manifested by these bodies 
depends on their possession of different increments of common material. W. O. 

MSTilLUMINil. This name is applied by Graham (Chem. Soc. J. xv. 24) to the 
soluble dihydrate of aluminium (i, 159) which Crum obtained by the action of heat ou» 
a solution of the acetate. Graham has shown that it may be prepared by dialysing 
a solution of the acetate altered by heat, nearly all the acetic acid passing through, 
and a solution of metalumina remaining on the dialyser (p. 717). The solutionis 
tasteless, and neutral to test-paper. 

METAXTSIS. Dobereiner’s name for Catalysis. 

METAMAROARIC AC XU. An acid isomeric with margaric acid, C I7 H* 4 0 2 , 
said by Fr 6 my (Ann. Ch. Phys. [2] lxv. 121) to bo obtained, together with meta- 
oleic acid, by treating with cold water the mixture of sulphomargaric and sulpholeic 
acids produced by the action of strong sulphuric acid upon olive-oil. On pressing the 
resulting precipitate, and treating it with alcohol of 36 per cent., the metamargaric 
acid is dissolved out. It is white, crystalline, insoluble in water, easily soluble in 
alcohol and ether, molts at 60°, and exhibits the composition of margaric acid. Most 
of its salts were also found by Fro my to exhibit the composition of the margarates, 
but the silver salt yielded 27 — 85 per cent, silver, which is nearly the composition of 
stearate of silver. Altogether, it is doubtful whether the acid obtained as above 
was a definite compound. 

MBTAXVXERXSZVI. See Isomerism (p. 415). 

MfiTAMECON XC ACID. Syn. with Comenic Acid (i. 1103). 

MfiTAMORPHXNE. An opium-base, the hydrochlumte of which is obtained, as 
h residue;, in the preparation of opium-tincture by means of lime and sal-ammoniac. 
The kydrochlorate is soluble in 25 pts. of cold, and 2 pts. of hot water, reacts neutral, 
and gives no precipitate, either with ammonia or with the fixed alkalis or their car- 
benutes. When dried at 100°, it contains 12*2 per cent. II Cl (hydrochlorate cf 
morphine, C l7 H‘°NO # .HC1.3IFO, contains 9*7 per cent.). 

The free base separated from the sulphate by digestion with carbonate of barium, 
and exhaustion with alcohol, crystallises in stellate groups of prisms. It is not bitter; 
dissolves in 600 pts. cold, and 70 pts. boiling water, in 330 pts. of alcohol of 90 per 
cent, at ordinary temperatures, and in 9 pts. at th$ boiling beat ; it is nearly insoluble 
in ether. It dissolves easily in caustic potash, less easily in ammonia and alkaline 
carbonates. With nitric acid of specific gravitjrl*33 it forms a yellow solution. The 
aqueous solution is gradually coloured yellow by iodic acid ; not altered by ferric 
chloride. Chloride of gold first forms with it a yellowish colour, then a floeculent 
brownish precipitate, but produces no blue coloration. (G. C. Wittstein, Arch. 
I'harm. [2] cv. 141.) 

MXTAMORPBXSM. A term applied to the transformation of minerals and 
rockt&y physical and chemical action. (See Geology, Chemistry op, ii. 831.) 

MRTAMYX.BRSL A compound polymeric with amylene, probably C 20 !! 4 *, con- 
tained in the higher portion of the distillate produced by heating amylic alcohol with 
sulphuric acid. It haB not been obtained pure. (Balard.) 

METANAPHTHALENB. See Naphthalene. 

METANTXMONXC ACX3>. See Antimony (i. 324). 

META-OCTYZ.ENE. See Octylbnb. 

ME7A-OLEXC ACID, An oily acid produced by the action of water on sulph- 
oh'ic acid. It is insoluble in water, easily soluble in ether, very slightly in alcohol. 
(Fr6my, Ann. Ch. Phys. [2] xv. 128.) 

MBTAP1CTZO ACXD. See Pbctic Acid. 

METAPECTZV, See Pectin. 

MB XAPHOSPHORXC ACXD. Sco Phosphorus, Oxygen-acids or. 
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MSTAfllUCATBS. Silicates of the augite type, M'SiO* or M’O.SiO* 
(Odling.) 

MSTASTAirwzo ACXB. See Stannic Acid, under Tin. 

XBTASTTSOl. Syn. with Mktacinnaicbne (see Cinnamhnr, i. 982). 

MBTATASTAAIC AOZS. See Tartaric Acid. 

M£TATEREBBNTH£NB. See Turfbntinb. 

MBT ATUVOSTXC AO ZB. See Tungstic Acid. 

MBTAUTB. Broitlmupt’s name for a fibrous variety of serpentine from Sehwarz- 
enberg in Saxony. Hardness «= 2 to 2*6. Specific gravity ** 2 52. Greenish* 
white, with weak pearly lustre. Contains, aoeoraing to Kuhn (Ann. Ch. Pharm. lix. 
369), 43*48 per cent, silica, 41*00 magnesia, 2*20 ferrous oxide, and 12*96 water 
•(- 99*63). 

MXTAXOITZL A mineral resembling me taxi te, occurring in green serpentine at 
Lupikko, near Pitkkranta in Finland. Hardness, between caleapar and gypsum. 
Specific gravity *» 2*68 to 2 61. Colour, from greenish -black to white. Sometime* 
apparently amorphous, sometimes radio-fibrous and spherical. Contains, according 
to an analysis by C. G. Hallsten (Jahresb. 1862, p. 749),. 40 63 per cent, allien, 
10*17 alumina, 6*78 ferric oxide, 12*88 magnesia, 16*03 lime, and 12*88 water (■» 99 37). 

MXTSOSZC BUST. 

METEORIC XBOXT. 

METEORIC MUB. 

METEORIC STONES. 

METEORITES. Aerolites. Uranolites. This name includes, not only those 
mineral bodies which arc known to liavo fallen on the earth’s surface from the 
celestial spaces, but likewise a great number of others, which, though their origin is 
not actually known, yet agree so closely wilh known meteorites in tmneralogieal and 
chemical constitution, as to justify the conclusion that they are also of meteoric oHgin. 

Tim numerous analyses which have been made of meteorites, both the older ouch by 
Howard, K 1 a pro t h, and V a u q u e 1 i n, and t hose of more recent date by B e rz e 1 i u s 
nud others, have demonst rated in them the presence of about 18 elementary bodies, all of 
whicli likewise occur in terrestrial minerals, viz. aluminium, calcium, carbon, chromium, 
cobalt, copper, iron, magnesium, manganese, nickel, oxygen, phosphorus, potassium, 
silieium, sulphur, titanium, tin, and perhaps also in some cases, antimony, arsenic, 
chlorine, hydrogen and lead. 

Meteorites are divided into two classes, distinguished as Meteoric Tron, and 
Meteoric Stones. Meteoric iron consists chiefly of metallic iron alloyed with 
nickel, contains no oxidised compound, and has in general the characters of ordinary 
bar-iron. Meteoric stones are mixtures of several minerals, chiefly silieutes (felspar, 
ungite, olivin), which also play an important part in terrestrial minerals. 

This division is however merely artificial, inasmuch as many meteorites are mixture* 
of meteoric iron with masses of maSsoric stone, or with one or moro of the minerals 
occurring in meteoric stones. If the metallic jxjrtion predominates, tho meteorite is 
classed as meteoric iron, as for example the so-called I ’all as meteorite, found at Kras- 
nojarsk in Siberia, or that of Atacama, both of which contain larger or smaller masse*, 
of olivin imbedded in cavities in tho iron. If, on the other hand, the earthy portion 
(the silicates) predominates in amount, the meteorite is called a meteoric stone, although 
the fine splinters or grains of meteoric iron diffiiscd through the mass may gits it an 
appearance quite different from that of meteoric stones consisting wholly df earthy 
minerals. Meteoric stones containing metallic iron are much more numerous than 
thoso consisting wholly of earthy minerals. ( 

1. Meteoric Iron. 

A mass of meteoric iron is always a mixture, the constituents being sometimes 
visible, sometimes revealing themselves only to chemical investigation. The chief part of 
the mass consists of iron alloyed with nickel, and perhaps always with a small quantity 
of cobalt This admixture of nickel is usually regarded as a proof of the meteoric 
origin of numerous masses of metallic iron found on or a little below the surface of 
the earth, whose actual fall has not been observed. The amount of iron in meteoric 
iron usually varies from about 80 to 96 per cent.; the nickel from 6 to 10 per cent 

In many cases, sulphide of iron is visibly disseminated through the mass, sometime* 
in the form of rather large cylindrical grains. This sulphide is often regarded as 
magnetic pyrites, I’e'S 2 (p. 401), which does indeed occur iu some meteorites; but 


See the next article. 
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those examined by Rammelsberg (Pogg. Ann. cxxi. 363) contained protosulplnde of 
iron, Fe*S. Part of this sulphide is however distributed through the mass of the iron 
in so minute a state of division, that it can be detected only by the evolution of sul- 
phydric acid, which takes place on dissolving the iron in acids. 

Moreover all specimens of meteoric iron, when dissolved in hydrochloric acid, leave 
a residue, varying In amount from a fraction to several units per cent. This residue 
iq. also a mixture, and appears under the microscope to consist chiefly of a distinctly 
crystallised compound, which chemical analysis shows to contain iron, nickel, and 
phosphorus, usually mixed with, carbon and silica. The carbon, a very remarkable 
- constituent ofc meteoric iron, appears to occur therein, as in pig-iron, in two different 
states, viz. partly as graphite, partly in chemical combination with the iron. On this 
account, the entire quantity of the carbon is never found in the residue, the solution 
of meteoric iron in acids being attended with the emission of the same offensive odour # 
that is evolved in th<LSQ}|flrion of pig-iron. The silica is derived from silicide of iron. 

It is evident from tneftp considerations that chemical analysis can never afford a 
perfectly exact picture of the individual compounds present in meteoric iron. 

Many specimens of meteoric iron, when polished and afterwards etched with an acid, 
exhibit on their surface .peculiar crystalline configurations, called ‘ Widmanstadt’a 
figures/ These figures- were attributed by Berzelius to an alloy of iron and nickel 
disseminated through the mass, which alloy, being less soluble in acids than the pure 
iron, was brought to light when the latter was removed from the surface by the acid. 
But certain samples of meteoric iron, viz. that of the Cape (p. 379), and those found 
at Greenville in Tennessee and at Clairborne in Alabama, all very rich in nickel (con- 
taining from 9 to 12 per cent, of that metal), do not exhibit these figures : hence their 
formation is much more probably due to the phosphide of nickel and iron, or Sckreiber- 
site (Shepard’s Di/slytite), which, as already observed, forms the principal part of the 
residue left on dissolving the iron in acids. 

The analysis of the principal mass of the iron often exhibits small quantities of 
phosphorus, doubtless arising from partial decomposition of the phosphide by the 
acid used to dissolve the iron. 

The following are analyses of a few specimens of meteoric iron, taken from Ram- 
melBb erg's Mineralchcmie (pp. 902-920). 

1. Found at Elbogen in Bohemia, and known as 4 der verwiinschte Berggraf.' 
Specific gravity, as determined by different observers, 774 — 7*83. In the solution of 
this meteorite in hydrochloric acid, Berzplius found traces of tin and copper. Tho 
residue is a mass having a carbonaceous aspect, and consisting partly of metallic 
spangles. 

2. Bohumilitz in Bohemia. Specific gravity = 714 (Steinman n) ; 7 61 — 7 71 
(Rumler). Dissolves in hydrochloric acid, with evolution of fetid hydrogen gas ; the 
solution contains traces of phosphorus. 

3. Seclasgen near Schwiebus. Specific gravity ** 7 59 (Partsch); 7*03 — 7*1, 
(Duflos) ; 7 7345 (Rammclsberg). In the metallic mass are enclosed cylindrical 
grains of a sulphide of iron, of brownish-yellow colour, specific gravity 4 787, quite 
insoluble in hydrochloric acid, and containing, according to Rammelsberg’s analysis, 
75'37 per cent, ferrous sulphide, 0 71 sulphide of copper, 2 73 chrome-iron, and 19-83 
nickel-iron ( «» 98 64). 

4. Krasnoyarsk in Siberia. Discovered in 1772 by Pallas, and hence called the 
* Pallas mass. The best known meteorite of the class, consisting of metallic nickel-iron 

mixed ffritholivin and a little sulphide of iron. ^ Specific gravity =* 7 78 — 7*84 (Rum- 
ler). The residue insoluble in hydrochloric, acid contains, besides charcoal, a heavy 
substance having the metallic lustre and Appearing distinctly crystalline under the 
microscope. 

6. Cosby's Creek, Cooke County, Tennessee. Specific gravity =7*26 (Rumler); 
7’267 (Bergemahn). The residue, according to Bergemann, is & black powder amount- 
ing % |jD7 5 per cent., containing yellow shining magnetic laminae and a black coaly 
mass;* ^ 

6. B^aunau in Bohemia. Fell on July 14, 1847. Specific gravity ■■ 7*714 
(Be inert). The insoluble residue is a mixture of an amorphous coaly powder, with 
greyish-white, metallic-shining, strongly magnetic laminae. In the mass is imbedded 
a magnetic sulphide of iron, which dissolves in hydrochloric acid without separation 
of sulphur, but leaves very small quantities of charcoal and chrome-iron. 

7. Coahuila in Mexico. A mass weighing 252 pounds. Specific gravity = 7*81. 
The phosphide is said to amount to 1*55 per cent 

8. Atacama in Chile. Specific gravity = 7*89. The cavities contain a brownish- 
white silicate of calcium and iron, containing phosphoric acid (perhaps olivin). 

9 . Niakornak in Greenland. Specific gravity =» 7*073. When dissolved it gives 
off hydrogen gas containing sulphur and carbon* and leaves at first a crystalline 
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powder, which afterwards disappears, leaving nothing but carbon. Thi* crystalline 
powder is not the ordinary phosphide of nickel and iron, but a carbide of iron con- 
taining from 7-23 to 1106 per cent, carbon. The residue insoluble in hydrochloric 
acid also contains traces of earths reacting like yttriu and zirconio. 

10 Cape of Good Hope, near the Sunday and Bushman river. Specific gravity 
« 6 63— 7-94 (Rumler); 7*66 (Wehrle). The residue consist*, according to Un- 
coechea, of brownish-yellow and colourless granules ; according to lacking, of phosphide 
of nickel and iron. This meteorite is one of those which do not exhibit any V* idmaa- 
•tattian figures when etched with acids (p. 378). 

• With nugncftium. 


t With calcium sad artenku 
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11, 12, 13. From the Valley of Toluca, near Xiquipilco, in Mexico, where 
numerous masses of meteoric are found, of various sizes, and often converted into 
ferric hydrate, even to the middle of their substance. According to Kranz, many of the 
lumps contain, in cavities on their surfaces, magnetic oxide of iron, both massive and 
crystallised, and apparently not resulting from recent oxidation ; also graphite, sulphide 
of iron, and laminae of nickel-iron-phosphide. 

Analysis 11 is of a lump weighing 13 lbs., which gave off sulphydric acid when 
dissolved; 12 of a mass weighing 220 lbs., much oxidised ; 13 of a less oxidised mass 
weighing 5£ lbs. 

14. Zacatecas in Mexico, with sulphide of iron disseminated through it. Specific 
gravity « 7*48 (Bergemann); 7*35 (Rumler). Dissolves in hydrochloric acid, 
with evolation of fetid hydrogen gas. 

15. Also from Zacatecas. Soft, tough, difficult to break, with distinctly laminated 
structure on the surface. The residue, insoluble in dilute hydrochloric acid, consists of* 
a small quantity of a black floeculent substance resembling graphite, but dissolving in 
strong hydrochloric acid with evolution of sulphydric acid, — andof nickel iron-phosphide 
containing 75*02 Fe, 14*52 Ni, and 10*23 P. Miiller (Chem. Soc. Qu. J. xi. 236) 
regards this meteorite as distinct from that from the same locality analysed by Berge- 
mann (14), inasmuch as the latter contains neither carbon nor chrome-iron. 

2. Meteoric Stones. 

This name, as already observed, is applied to meteorites consisting wholly, or for the 
most part, of earthy minerals (silicates). The older analyses of these stones by 
Howard, Klaproth and others, determined merely the entire chemical constitution 
without regard to the possible existence of different minerals in the same stone ; hut 
the later researches of Berzelius, G ustav Rose, Rammelsbcrg, &e., have shown 
that meteoric stones are mixtures of certain silicates, viz. olivin, augite, labradorite, 
&c., with or without meteoric iron. In some few cases, the mineralogical constituents 
of a meteorite can be distinguished by physical examination; thus Gustav Rose 
showed that the meteorite of Juvenas contains magnetic pyrites, augite, and a felspar 
resembling labradorite, and determined the form and other properties of these 
minerals. But generally speaking, the individual constituents of the meteorite are 
not recognisable by the sight, even on microscopical examination, and can only be 
determined by chemical analysis. If the stone contains only two minerals, one of which 
is decomposible by acids, while the other is not, the determination of their nature is 
comparatively easy and certain ; but if both are attacked by acids with equal facility, or 
not attacked at all, or if the stone is a mixture of three or more minerals, chemical 
analysis can only show what minerals probably exist in it. 

Tho following are examples of meteoric stones whose constitution bus been most 
accurately determined: 

a. Containing Meteoric Iron . 

1. Chantonnay, Depart. Vendee. Fell on August 5, 1812. Ground-mass partly 
black, partly grey, with black streaks. Specific gravity «3*46 — 3*48 (Rumler). The 
silicates of this meteorite consist of 51*12 per cent, olivin, 38*01 augite, and 10 01 
labradorite ( => 99*16), (Rammelsbcrg.) 

2. Seres in Macedonia. Fell in June 1818. Dark grey mass, of specific gravity 
3*71 (Rumler). Consists of a mixture of silicates, in which are imbedded a mineral 
resembling olivin, nickel-iron, and magnetic pyrites. (Berzelius.) 

3. Blansko in Moravia. Nov. 25, 18 Dark grey; specific gravity = 370 
(Rumler). From an analysis by Berzelius, JRammelsberg calculates the composition 

cent nickel-iron, 2*97 sulphide “of iron, 0 63 chrome-iron, 35*18 olivin, 
3$W augite, and 17*30 labradorite. 

4. Chateau-Re nard, Depart. Ixiiret, in France. Juno 12,1841. Grey; specific 
gravity '*= 3*56 (Dufr5noy); 3*54 (Rammolsberg). Consists, according to Du- 
fr6noy, of 50 per cent, olivin, and about 10 per cent, nickel-iron, the remainder appearing 
to be made up chiefly of augite and labradorite. 

6. U tree ht (Louvenhautje near). June 2, 1843. Ground-mass nearly white, fusible. 
Specific gravity, 3*57 — 3*65 (Baumhauer). Consists, according to Baumhauer, of a 
mixture of olivin, augite, oligoclase, nickel-iron (10 per cent*), and magnetic pyrites. 

6. Klein- W enden, near Nordhausen in the Han. Sept 16, 1843. Grey ground- 
mass, intermixed with yellowish-green and black grains. Specific gravity = 3*7006 
(Rammolsberg). Consists, according to Rammelsbcrg, of olivin, augite, and labra- 
dorite, in which are imbedded nickel-iron (about 20 per cent.), and a small quantity of 
pyrites (magnetic pyrites or protosulphide). 

7. Montr6jeau (Clarac, Ausson), Depart de la Haute-Garonne. December 9, 
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1858, Greyish- white ground -m:iss, interspersed with numerous brownish round 
granule* of various sixes, and greyish-white magnetic metallic granules and lam i nee. 
Specific gravity = 3*30. (Filhol ami Lenicy rie) ; 3 60 (Chancel and Moi- 
tessier). Contains, according to the latter, 10 04 per cent, matter attracted by the 
magnet (= 8*36 Fe, 1*56 Ni, 0*07 metallic phosphides, 0*05 adhering ferrous sulphide), 
1*71 chromo-iron, 5*72 ferrous sulphide, 45*08 olivin, and 37‘51 felspar and hornblonde 
(Jahresb. 1869, p. 850.) 

&. Without Meteoric Iron. 

1. Stannern in Momvia. May. 22, 1808. Specific gravity =» 3*19 (Vauquolin); 
3*01 — 3*17 (Kumler). Consists, according to Itammolsberg, of 65*16 percent, augite, 
34*92 anorthite, 0*98 magnetic oxido of iron, and 0*54 chromo-iron (~ 10159). Tho 
augite contains 1 at. magnesium to 2 at. calcium and 3 at. iron. 

• 2. Juvcnus, Dept. Ardoche, France. June 3, 1821. Specific gravity «■ 3*1.1 
(Rumler). Consists, accortling to llammelaberg, of 62*06 per cent, augite, 34*66 
anorthite, 0*60 apatite, 0*25 titanite, 135 chrome-iron, 1*17 magnetic oxido of iron, 
and 0*25 magnetic pyrites ( — 100*83). 

3. Jonzac, near Barbezieux, Dept, do la Basse-Cliarente, France. June 13, 1819. 
Specific gravity = 3*08 (liumler). Resembles the preceding in properties and 
composition. 

4. Lon talax, near Wiborg, in Finland. December 13, 1813. Specific gravity *** 
3*07 (Rumler). Contains, according to Ilcr/cltuM, magnet io iron ore, and silicates, of 
which 93*65 per cent, consist of a silicate deeon»j>osiUo by nit ro muriatic neid, and 
having the composition of olivin (containing 1 at. iron to 2 at. magnesium), with 
traces of copper, tin, and alkali-metals, and 6*45 of a silicate of aluminium, iron, 
manganese, and calcium, the composition of which has not, been determined ; also a 
small quantity of chrome-iron. 

6. Bishopsville, South Carolina. March 1813. A very peculiar stone, consisting 
for the most part of a white mineral partly crystallised and apparently monoolinic. 
Specific gravity = 3*116 (Shepard); 3*039 (\V al t cr sh a u sen). Melts before tlm 
blowpipe to a white enamel. Contains also small quantifies of magnetic pyrites mid 
ferric oxido imbedded in the mass. An analysis of the white mineral by Waltera- 
bausen gave 67*14 per cent, silica, 1*48 alumina, 1*70 ferric oxide, 27*11 magnesia, 
1 82 lime, and 0 67 water, whence it appears to consist essentially of chluunite, 
2Mg*0.3tSi0*. 

A mineral, perhaps identical with this, obtained from a mass of iron said to bo from 
the neighbourhood of Grimma, was described 30 years ago by Slronioyer. 

6. Concord, New Hampshire. White portals mass, which melts on the edges before 
the* blowpipe, colouring the flame yellow. Contains, according to B. Silliman, 84*97 per 
cent, silica, 12*07 and 2*22 soda, an unusual composition which may Vie represented by 
the formula Na*0.4Si0 a + 9Mg s 0.4Si0* ; considered doubtful "by Rammelsberg. 

7. Bokkeveld, Cape Colony. October 13, 1838. .Soft black muss with a few 
lighter point*. Emits a bituminous odour when heated, and contains a resinous or 
waxy substance soluble in alcohol, which easily melts and chars. When ignited in 
contact with the air, even after being freed from the resinous substance, it burns and 
gives off a quantity of carbonic anhydride equivalent to 1*6 per cent, earlxin. It there- 
fore contains carbon, to which in fact its black colour is du<\ It contains wafer, even 
after drying at 100°. It also yields when heated a small quantity of sublimate con- 
taining sulphate of ammonium. Jt. nets but slightly on the magnetic needle, and 
therefore contains but little magnetic iron. It contains 3*8 per cent, sulphur, but does 
not give off any sulphur when heated, or evolve sulphydric acid gas when treated with 
hydrochloric acid : hence it cannot contain cither in n pyrites, magnetic pyritwy^or 
ferrous sulphide. Wohler considers the sulphur as belonging to a sulphide of njjPfl 
and iron, NHS-EVS*, which requires 1*3 nickel to 2*5 iron, quantities agreeing with 
those found by analysis. From an analysis by Harris, made under Wohlers direction, 
Ramraelsberg concludes that the stone contains 6*94 per cent, nickel-iron-sulphide, 
1*11 chrome-iron stone, 84*32 olivin, 5*46 undecornposibie silicates, and 1*92 carbon 
and bituminous matters. 

8. Kaba, near Debreczin, in Hungary. April 15, 1867. Dark grey, earthy ground- 
mass, containing white and greenish grains, resembling olivin, also numerous black 
spherules, very brittle, hollow within, and consisting of a colourless crystalline mineral 
and a black mineral. The ground-mass exhibits nothing metallic, but yields a small 
quantity of iron to the magnet. Its composition, according to Wohler’s analysis, is 
similar to that of the preceding, with addition of 3 65 per cent, mafnictic pyrites. 
When ignited in oxygen gas, it givesoff carbonic anhydride, together with a little water 
and a crystalline sublimate. Alcohol extracts from it a white carboniferous substance 
resembling paraffin and scheererite, very fusible, portly volatile, partly decomposed by 
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beat , with separation of carbon . When the pulverised stone, freed from this substance 
by alcohol, is ignited in oxygen, it turns brown and gives off water, even after it ha? 
been well dried. 

9. Alai s , Dept, du Gard, France. May 15, 1806. Black friable mass, which breaks 
up in water to a greyish-green pulp, having a strong argillaceous odour, and becomes 
covered with saline effloresences when exposed to the air. Water dissolves out 116 
per cent, of the stone, consisting chiefly of alkaline and earthy sulphates resulting from 
oxidation of sulphide of iron contained in the stone. The powder, after exhaustion 
with water, yields by distillation 0 96 per cent, grey sublimate, 4 *33 carbonic anhydride, 
6*58 water, and 88*15 fixed residue, consisting of effloresced olivin and partially oxidised 
magnetic iron ore, together with a silicate undecomposible by acids, and containing 
magnesia and ferrous oxide, with small quantities of alumina, nickel, tin, and copper. 


From all that is at present known respecting the constitution of meteorites, Rammels* 
berg draws the following conclusions : — 

Meteoric iron consists of an alloy of iron and nickel (the latter generally 
amounting to 6 — 9 per cent., or 1 at. nickel to 10 — 15 at. iron) mixed with nickel-iron- 
phosphide or Schreibersitc , sulphide of iron, carbon, carbide of iron, and chrome-iron, 
sometimes also with olivin and magnetic oxide of iron. 

Meteoric stones, (a.) Most of them contain more or less meteoric iron, imbedded 
in a ground-mass, probably consisting of olivin, augite, and labradorite. Stones of 
this class are rich in iron and magnesium, poor in calcium and aluminium. 

(5.) A smaller number, containing no meteoric iron, may be subdivided into — 

a. Containing olivin . These consist of olivin probably with augite and labradorite, 
and contain magnetic oxide of iron, sulphide of iron (meteorites of Lontalax, Bokkeveld, 
Kaba, Alais). 

A Not containing olivin. They consist of augite and anorthite, together with 
small quantities of sulphide of iron, magnetic oxide of iron, and chrome-iron (meteo- 
rites of Stannern, Juvenas, Jonzac). They are rich in calcium and aluminium. 

y. The meteorite of Bishopsville consists mainly of a silicate called chladnitc > having 
the composition 2Mg0.3Si0*. 

Shepard (Sill. Am. J. [2] ii. 377 ; vi. 402 ; xv. 363) mentions also a number of 
other minerals, some of them quite new, as existing in meteorites ; but their existence 
is by no means satisfactorily established. 


Meteorites are covered over their entire surface, except where recently fractured, 
with a thin black, more or less shining cryst, which, on closer examination, presents 
a fused slag-like appearance. It is doubtless produced by the strong but transient 
heating which the meteorite undergoes during its rapid transit through the earth’s at- 
mosphere. This rise of temperature, which is further indicated by the luminosity of 
those meteorites whose fall has been observed, and by the fact that some of them, on 
reaching the earth, have been found in a heated and even incandescent state, may be 
attributed, in part at least, to the friction of the stone against the particles of the air 
which it meets in its rapid passage. 

Liquid or gelatinous masses called met eoric mud (Aft tcorschleim) have sometimes 
been observed to fall ; but their chemical constitution hais not been examined : they are 
said indeed to consist of volatile substances which cannot easily be preserved, and alto- 
gether the accounts respecting them are very vague and unsatisfactory. A mass of this 
kind which fell near Gotha in the year 1815, is described as of gelatinous consistence and 
of dark grey colour by moonlight. It smelt like liver of sulphur, and when held in the 
observer’s hand, melted to a thick liquid which quickly evaporated, diffusing a strong 
odour like that of burning sulphur and pho&phorus. (Handw. d. Chcm. v. 224.) 

The so-called meteoric dust ( Meteorstaub ), which has sometimes been observed 
to fall from the air on ships at a considerable distance from land, is in all probability 
of terrestrial origin. Gibbs (Pogg. Ann. Ixxi, 367) found in a specimen of such 
dust which fell on & ship in the Atlantic Ocean (after deduction of 18*53 per cept. 
water and organic matter), 45*58 per cent silica, 20*55 alumina, 9*39 ferric oxide, 
4*22 manganic oxide, 11*77 calcic carbonate, 2*21 magnesia, 3*645 potash, 2*33 soda, 
nnd 0*31 cupric oxide. Ehrenberg has detected infusoria in some specimens of 
supposed meteoric dust, and supposes that it is transported from one part of the earth 
to another by violent storms. It may sometimes also be of volcanic origin (i. 420). 

For further details respecting the chemical constitution of meteorites, see Bam- 
melsberg’s Mineralchemic (pp. 901-952). 

On the physical and chemical constitution, classification, &c. of meteorites, see the 
following works : 

Partsch. — Die Meteoriten, oder die vom Himmtl gefedlenen Steine und EUenma$$en t 
fm k. k. Hof- Miner alien Cabincite su fVten, 1843. 
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0. T7. Shepard. — Report on American Meteorite* (from SiUiman’s Journal! New* 
haven, 1848. 

Reichenbach. — Anordnung und Eintheilung der Meteoritcn (Poggendorf f '• 
Annalon, 1869, evii. 166). 

E. P. Harris . — The Chemical Constitution and Chronological Arrangement of 
Meteorites, Dissertation, Gottingen, 1859. 

Gustav Rose. — Beschreilmng und MXnthcilung der Mctee*riten awf Orundder Samtn* 
lung im min*ralogi8chm M us rum eu Berlin (aus den Abhandlungen dcr konigl. 
Academic der Wissenschnften zu Berlin, 1803), Berlin, 1861. 

A chronological list of meteorites from the earliest records down to a.d, 1824, is 
given in the Anmfvs de Chimie, tome xxx., aud in Ure’s Dictionary of Chemistry, 
3rd. ed., pp. Cl 9-624. 

METHA.1. Syn. with Myristic Alcohol. 

JCBTBZBS, AlUMmic, AlC*ll B ,or AlMe*. (Buckton and Odling, Proc. 
Royal Hoc. xiv. 19.) When mercuric met hide and excess of aluminium clippings con- 
tained in sealed tubes are heated IV »r some hours in a water-bath, the morcury cwn- 
plotcly replaces t ho aluminium, thus : 

itilgMo* + AP - 2 AlMe* + llg* 

By rectification out of contact with air, the nluminic methide is obtained as a colour- 
less mobile liquid, which at a little above O' congeals into a transparent crystalline 
mass. It boils steadily at 130°. At and above 220° its vapour-density was found to 
be 2‘8, tho theoretical density calculated for the formula? AlMe* l»oing 2*6. But its 
density corrected for expansion, increases rapidly with every decrease of temperature, so 
that at 160° — 163° it becomes 3*96 or 41; while at its boiling point 130°, it is as high its 
4*4, which approximates to the theoretical density 6 0 calculat'd for the formula Al*Me“. 
Aluminic incthido takes fire spontaneously on exposure to air, burning with a very 
smoky flame and producing abundant tlocculi of alumina discoloured by soot,. By a 
regulated exposure to dry air, it absorbs oxygen, with production of a body apparently 
analogous to l>oric dioxymethido (p. 986). It is deconi|>o8cd by water with explosive 
violence, and reacts with i(Klino to form iodo-dorivatives and iodide of methyl. 

Aluminic othido, AIK*, is made by a precisely similar process, using mercuric 
ethide instead of mercuric methide. It is a colourless liquid . which does not 
solidify at —18°. It 1 k>Ub at 194°, and its vapour-density taken ut 234° was found to 
bo 4*6, tho theoretical density calculated for the formula AIKt* being 3*9. The excess 
of tho ex fieri mental over the calculated density was obviously due to some unavoidable 
oxidation of the substance examined. Aluminic cthido takes lire fqwnitatioously on ex- 
posure to air, and in its other chemical properties closely resembles the methyl compound. 
Daho urs (Ann. Chim. Phys. [3] Iviii. 6) observe! that aluminium was attacked by the 
iodides of methyl andothylat 100° — 130°, and that, the crudo ethylated product reacted 
violently with zinc-chlorido to form a very inflammable liquid which was doubtless 
aluminic cthido. 

It is worthy of note, that the vapour-volumes of aluminic cthido (AIK* ~ 2 vols.), 
and of aluminic methide at 220° and upwards (AlMe 1 = 2 vols.) are discordant with 
the vapour-density of aluminic chloride as determined by I)cvi lie (A1I01* ■» 1 vol.) ; 
but that tho vapour- volume of the methide taken at 130° corresponds very noarly there- 
with. Hence it would seem that, the only observed volume of the chloride, like th# 
volume of the methide at 130°, is anomalous, probably in oonsequonco of its vapour not 
haviug been sufficiently heated to acquire that perfect ion of elasticity under which alone 
the bulk of a vapour is regulated by the physical laws of temperature and pressure 
affecting gases. W. O. 

MITHIDB, BOSIXC. See Methyl, Boride of (p. 384). 

KSTHIDBi MBRCVRZO. See MKRCimY-nAmci.Es, Oiuunic (p. 927). 

MITBXBBS, yiUMBIC. See Lead- radicles, Groan ic (p. 603). * 

KBTBX9B8, 8TAWZO. Sco Tin-radicles, Oroanic. 

MWfg lOllIO ACID. An acid obtained by decomposing neutral sulphate of 
ethyl with water (Liebig). It has been shown by Buckton and Hofmann (Ann. 
Ch. Pharm. c. 163) to be identical with disulphometholic acid, CI1 < S , 0*. (Hoe Splehu- 
nous Ethers.) 

MSTSOXAOBTZO ACID. Syn. with Mrthyl-olycollic Acid. (See Glycol- 
Uc Ethers, ii. 916.) 

KBTBFLirBfBXTHTl. Syn. with PlumbotrimethyL (See Lrad-radiolis, 
Organic, p. 663.) 

MaTHa TAEE lTKY I.. Sec T IN -RADICLES, ORGANIC. 

MITguum AHD MBTBVIMSC ACID. (E. Hardy, Bull Soc. 
Vol. UI. 3 R 
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Chim. de Paris, 1862, p. 29, Jahresb. 1862, p. 888.) These are brown uncrystallisabl. 
substances, resembling the ulmic compounds, produced by the action of sodium and »«! 
thylic alcohol on chloroform. The immediate products of the reaction are ehlorome. 
thulmic acid and its sodium-salt, together with marsh-gas, carbonic anhydride, fa* 
hydrogeUt and chloride of sodium : 

4CHCP + 6CH<0 + Na 1 ' = C’H’CIO 2 + CWNaClO* + CH 4 + CO* + H" + lONaCI 

Chlora - Me thy lie Chlorome - Chloromrthul- 

form. alcohol thulmfc mate or «o- 

Hcid- ilium. 

Chloromefchulmi c acid is black, semifluid, has a pungent odour, and is soluble in 
alcohol. 

By boiling with potash, it is resolved into methulmic acid, C*H fl O* and dioxy- 
methulmic acid, C 4 H fl 0 4 : 

2C*H 7 C10 2 + 2KHO « 2KC1 + C s H*0* + C*H*0 4 . 

Methulmic acid is dark yellow, soluble in ether, uncrystallisable, It is converted 
by bromine into black, semi-fluid dibromomethulmic acid, C^H^riO 2 , which when 
treated with sulphuric acid at 60°, is resolved into carbonic anhydride and dibromide 
of hypometh u Imen e, C 4 H fl Br 2 , a yellow-brown solid substance, soluble in ether. 

Dioxymethulmic acid, C 4 H 9 0\ is black, uncrystallisable, insoluble in ether, 
soluble in alcohol. 

Chlorethulmio acid, C 6 H*C10 2 , and chloramylulmic acid, C*H**C10 2 , are 
produced in like manner by treating chloroform with sodium and ethylic or amylic al- 
cohol, and from these may be obtained derivatives similar in properties and homologous 
in composition to the methyl-compounds above described. — Dibromethu lmic acid, 
C fl H"Br 2 O a , heated to 60° with sulphuric acid , is resolved into carbonic anhydride and 
dibromide of methulmene, C 4 H H Br 2 , a brown -yellow substance, nearly insoluble in 
alcohol, but soluble in ether. It is converted by fuming nitric acid into pale yellow 
nitrobromideof methulmene, OH 8 ( N 0 2 )Br, precipitable by water, and by boiling 
jmtash-lye into bromomethulmen e, C*H’Br, a black substance insoluble in acids 
and in alcohol, soluble in ether. 

Compounds similar to the preceding are said to be formed by treating chloroform 
with sodium in conjunction with aldehydes, acetones, &c., and even when the chloro- 
form is replaced by certain other compounds, especially tho chlorides of carbon. It 
must be observed, however, that the composition of the majority of the compounds 
above mentioned has not been established by analysis, and therefore their formula* 
must be considered doubtful, especially as none of them have been obtained in the 
crystalline form. 

MBTBTL. CH* ; often denoted by the shorter symbol, Me ; in the free state, 
C 2 H* — Me 2 . The first of the series of alcohol-radicles, bearing the same 

relation to wood-spirit that ethyl (C 2 H*) bears to common alcohol. 

Frankland and Kolbe, in 1848 (Chem. Soc. Qu. J. i. 60), by decomposing cyanide 
of ethyl with potassium, first obtained a gas having the composition CH* or C*H* f 
which they regarded as methyl. Kolbe, in the following year (ibid. ii. 173). obtained 
methyl by the electrolysis of ac< tic acid ; and Frankland (ibid. ii. 297) afterwards 
prepared it by the action of sine on iodide of methyl. From certain differences which 
ne observed in the action of chlorine on the gas obtained by the first method, and that 
obtained by the second and third methods, Frankland concluded that the two were 
not identical but only isomeric, and that the latter was the true methyl, while the for- 
mer consisted of hydride of ethyl, CPHMI^but the recent experiments of Schorlem- 
mer (t tid. inf.) have shown that tho products obtained by the action of chlorine on the 
gases prepared by these several method* are really the same ; whence, as no other dif- 
ference has yet been observed between the two, it may be inferred, ss most probable, 
that methyl in the free state is not only isomeric, but identical, with hydride of ethyl. 
(See Hydrides, p. 182.) 

Preparation. — 1. By t\e electrolysis of Acetic acid. — When a concentrated solution 
of acetate of potassium is subjected to the action of the electric current, a number of 
gaseous products are evolved, vis. carbonic anhydride, hydrogen, an inflammable, in* 
odorous gas, and a gas which smells like ether ; the last is completely absorbed by sul* 
phuric Acid (if the smallest quantity of chloride of potassium be present in the solution, 
chloride of methyl is formea). The gaseous mixture thus evolved, after being freed 
from carbonic anhydride, contained in one experiment, in 100 volumes: 0*7 rot 
63*8 hydrogen, 32*6 methyl, 21 oxide of methyl, 0*8 acetate of methyl; in 
another experiment, 66 vol. hydrogen were obtained to 28 methyl. If the solution of 
acetate of potassium be divided by a porous diaphragm, so that the gases evolved at 
the two poles may be collected separately, nothing but hydrogen is evolved at the 
negative pole, while at the positive pole there is evolved a gaseous mixture, which. 
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after being treated with potash and with sulphuric acid, leaves nothing but methyl 
mixed with a small quantity of oxide of methyL The decomposition is expressed by 
the following equation : 

2C*IPKO* + H*0 - C*H* + CO* + X*CO* + IP. 

2. By decomposing iodide of methyl with rt'nc, the mode of operating being exactly 
similar to that already described for the preparation of ethyl from ethylie iodide 
(ii. 524). 

If methyl be really identical with bydrido of ethyl, we must Add to those methods 
those already given for the preparation of the latter (ii, 533). Schorlemmnr prepares 
it by the action of strong sulphuric acid on mercuric othide (p. 925), 

Properties. — Methyl is a colourless and odourless gas which burns with a bluish 
feebly luminous flame. It is somewhat soluble in alci>hol t loss soluble in twicer (see 
Casks, Absorption of, ii. 797). It is perfectly indifferent to the greater number of 
reagents. When mixed, cither in the moist or dry state, with an equal volume of 
chlorine , it yields hydrochloric acid and chloride of ethyl, C 3 1I 4 C1, together with a 
email quantity of monocliloriuatod chloride of ethyl, C'li^Cl 1 (Schorlemmer, JProe. 
Roy. Sloe, xiii. 225). These results were obtained with methyl prepared by the elec- 
trolysis of acetic acid ; and exactly the same products are formed by the action of 
chlorine on pure hydride of ethyl prepared by the action of sulphuric acid on mercuric 
ethide (Schorlemmer, Chem. Soc. J. xvii. 962). If the chlorine is used in excess, a 
larger quantity of tho monochlorinated chloride of ethyl is obtained. 

MZITSnrx., ANTIMONIDEB OP. See Antimony-raoici.rs, Organic (i. 344). 

ME THYL , AS8BHIDEB OP. See Ausknic-hadici.ks, Organic (i. 400). 

methyl, BOHXDE OP. Boric M< t hide. Bor methyl. B(C.ll" )*. (Frank land, 
Phil. Trans. 1862, p. 176; Chem. Soc. Qu. J. xv. 373.) — A gaseous cotnjHMind homolo- 
gous with boride of ethyl (ii. 525), produced by the action of zinc-methyl on borate of 
ethyl : 

2B<C*H 4 0) < + 3Zn"(CH*)* « 2H(CU*) B 4- 3Zn"(C’H*0)*. 

Trietli)lic /.Inc- Hnric Ethylate 

Innate. methyl. nu thliiu. of line. 

Preparation.— About two ounces of boric ether were mixtwl in a small flask with 
rather moro than their own bulk of an ethereal solution of zinc-methyl, of such strength 
its to bo spontaneously inflammable in a high degree. Tho flask, loosely corked, was 
placed in ice-cold water, and allowed to stand for a counlo of hours until the reaction 
was complete : it was then furnished with a bent tube passing through a cork, to 
conduct tho gas into a second flask placed in a freezing mixture of ice and salt; 
from this flask the gas passed into a third containing about half an ounce of strong 
solution of ammonia. The air in tho whole of the apparatus was now displaced by 
nitrogen, and the flask containing the boric ether and zinc-methyl removed from the 
ico-cold water. A slow evolution of gas immediately commenced, and was kept up at 
a convenient speed by plunging the generating flask into cold water, to which heat was 
very slowly applied. The gas, in passing through the freezing mixture, deposited 
nearly the whole of the ether and zinc-methyl vapour with which it was contaminated ; 
and on reaching the solution of ammonia, the boron -compound was instantaneously 
absorbed, whilst other gases, if present, passed through the ammonia unacted upon, 
and escaped into tho atmosphere. The solution of ammonia soon became covered with 
a stratum of a lighter liquid, which increased in quantity until the stream of gas ceased 
to passthrough. The ammonia-flask was now disconnected from the rest of the appara- 
tus, and reserved for the next operation. The residue in the generating flask solidified 
to a crystalline ma*s on cooling. 

To disengage the gaseous boron-compound from its combination with /tmmonia, tho 
ammonia-flask wa* fitted with a funnel- tube terminating beneath the surface of the 
liquid and a gas-deliveiy tube, the latter leading to a Liebigs potash-apparatus 
charged with concentrated sulphuric acid ; finally, the opposite extremity of tho latter 
apparatus was connected with a mercurial ^as-holder. To prevent dangerous explosion*, 
on the elimination of the spontaneously inflammable gas from its ammonia-compound, 
the whole of the air-space# of the Apparatus were filled with nitrogen. Everything befog 
thus prepared, dilute sulphuric acid was gradually poured into the ammonia-flask through 
the funnel-tube, the contents of the flask being frequently agitated. No gas was evolved 
until the excess of ammonia was saturated ; then, however, it was given off abundantly, 
and the addition of a few drops of sulphuric acid from time to time, through the 
funnel-tube, served to keep up a convenient current. The gas was allowed to pass 
freely through the depressed mercurial gas-holder until a sample of it ©roved by its 
perfect solution in ammonia, that oil nitrogen had been swept from toe apparatus. 
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The exit-tube of the gas-holder was then closed, end the gaseous boric methide w aa 
collected. 

Properties. — Boric methide is at ordinary temperatures a colourless and transparent 
gas, possessing a peculiar and intolerably pungent odour, irritating the mucous mem- 
brane, and provoking a copious flow of tears. Its specific gravity is by experiment, 
19108; by calculation, 1*93137. It retains its gaseous condition when exposed to n 
cold of 16° ; but at 10°, and under a pressure of three atmospheres, it condenses 
to a colourless, transparent, and very mobile liquid. It is very sparingly soluble in 
water, but very soluble in alcohol and in ether. In contact with atmospheric air , it 
takes fire spontaneously, burning with a bright green flame, which is very fuliginous if 
the volume of-the flame be considerable. If the gas issues into the air through a tube 
jfiOf an inch in diameter, the amount of smoke is surprisingly great, two or three cubic 
inches of gas, when consumed in this way, filling the atmosphere of a capacious room 
with large comet-like flocks of carbonaceous matter. This effect is probably due, 
part at least, to the formation of a superficial coating of boric acid, which envelopes the 
particles of carbon and prevents their combustion. When suddenly mixed with at- 
mospheric air or oxygen , boric methide explodes with great violence. In contact with 
air, both boric methide aud the vapour of boric ethide exhibit two distinct kinds of 
spontaneous combustion. Thus, when these bodies issue very slowly from a glass tube 
into the air, they burn with a lambent blue flame invisible in daylight, and the tem- 
perature of which is so low that a finger may be held in it for some time without much 
inconvenience. Under these circumstances partial oxidation only takes place, and it is 
to the products thus formed that the peculiar pungent odour of boric ethide and 
boric methide is due. When, on the other hand, these bodies issue into the air more 
rapidly, the lambent blue and nearly cold flame changes to the green and hot flame above 
mentioned. 

Boric methide is not acted upon by nitric oxide or by iodine. Solution of acid 
chromate of potassium scarcely affects it, but the addition of concentrated sulphuric acid 
at once determines the reduction of the chromic acid. When boric methide is allowed 
to bubble through water into chlorine , each bubble burns explosively with a bright flash 
of light and separation of carbon. It has no tendency to unite with acids. Con- 
centrated sulphuric acid has no action upon it ; when mixed with hydriodic acid gas, it 
suffers no change ; but, on the other hand, it is freely absorbed by solutions of the fixed 
alkalis , and by ammonia. If a very rapid current of the gas, mixed with half its volume 
of marsh-gas, be passed through a stratum of strong solution of ammonia only half an 
inch deep, not a trace of boric methide escapes absorption. 

Ammonia-Boric MCethlde. NH 3 .B(CII :, ) S . — When dry ammoniacal gas is mixed 
with an equal volume of dry boric methide, both gases instantly disappear, with 
evolution of a considerable amount of heat, and production of a white, volatile, crystal- 
line compound. The latter is also formed when boric methide is passed into solution 
of ammonia. 


It is deposited from its ethereal solution in magnificent arborescent crystals, which 
rapidly volatilise without residue when exposed to the air. They have a caustic and 
bitter taste, and a very peculiar odour, in which both the smell of ammonia and of 
boric methide can be recognised. Ammonia-boric methide fuses at 56°, and boils at 
about 110°. In a current of air, or better, of carbonic unhydride, it sublimes at a very 
gentle heat, and condenses in magnificent arborescent crystals. 

Its vapour-density is found by experiment to be 1*25, indicating that the molecule in 

the state of vapour occupies four volumes x 0*0693 =■ l*2f>), 

a result probably due, as in other cases, to the decomposition of the vapour at high 
temperatures (i. 469; ii. 816). 

It scarcely absorbs a perceptible amount of oxygen at ordinary temperatures, even 
after several days’ exposure to the gas, but takes fire below 100°, when heated 
in contact with the air. Its vapour is also very inflammable; thus when ammonia- 
boric methide is placed under the receiver of an air-pump, and the air is being with- 
drawn, the explosion of the mixture of air and vapour in the cylinders of the pump is 


frequently determined by the rise of temperature consequent upon the depression of 
the pistons when the rarefaction has become considerable. 

Boric methide is also absorbed by aniline with great avidity. Acids expel the gas 
from this compound unchanged. 

Trihydride of phosphorus has no action upon boric methide. A mixture of equal 
volumes of the two gases is spontaneously inflammable, burning with a yellowish-white 
flame, in which the characteristic green tinge attending the combustion of boric methide 
is no longer perceptible. 


Compounds of Boric Methide with fixed Alkalis. — Boric methide combines 
with potash, soda, lime, and baryta. The potassium-compound K 2 0.2B(CH*), obtained 
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by saturating a solution of caustic potash with Ixiric methide, dries up in vacuo to a 
gummy mass. It may also be prepared by dt'eom posing ammonia-boric met hide with 
alcoholic potash, and evaporating iu vacuo. 

The sodic, barytic, and cable compounds are also prepared by passing boric raethid© 
into the caustic solutions of the respective alkalis ; they arc soluble in witter, and have 
an alkaline reaction. 

MSTHYL, BROMXDS OX*. CH’Ur. Met hyl-hydrohramic ctfur. Hydrobrcmai* 
of Methyl me. (Pierre, J Plmrm. [3] xiii. 150; Jaliresb. 184^-48, p. 672.-— 

Bunsen, Ann. Ch. Pliarm. xlvi. 44- ) — Prepared by mixing, at a temperature of 6° or 6°, 
50 pts. of bromine, *200 of methylic alcohol, and 7 of phosphorus. The temperature 
then rises sismtuncously, and the phosphorus melts. The mixture must bo cooled, 
decanted and very cautiously distilled. As thus obtained, it is a colourless liquid, of 
•penetrating and slightly alliaceous odour; boils at l.‘l° under a pressure of 0*759 mot. 
(Pierre). It acts violently on cacodyl, forming bromide of cacodyl, and bromide of 
tetramethyl-arsoniuni (Gu hours, .lahresh. 1861. p. 551): 

2As(CII*) i -e 2ClPBr - A»iCH , ) 5, Hr f Aa(CII*)*Br. 

A gas having the composition of bromide of methyl, is evolved on gently heating 
basic perbrornide of cacodyl. It 1ms a density of 3*253 (Bunsen, Gasomctry , p. 121), 
by calculation, 3*224 ; a faint ethereal odour, and condenses at -- 17° into a tliin, trans- 
parent colourless liquid. It hums with a yellowish thune when mixed with air, and 
exphxles violently with oxygen on the application of ilatnc. 

METHYL, CHX.ORZT4Z3 OT. C1PC1. Methyl -hydrochloric ether . Hydro- 
chlorateof Methylene, (Human andPeligot (1835), Ann. Ch. l’hys. lxi. 11*3). — Pro- 
pared by heating a mixture of 2 pts. chloride of sodium. I pt. of wood-spirit, and 
3 pts. of strong sulphuric acid. Chloride of methyl then passes over as a gas, which may 
be collected over water; it is, however, rout am muted with wood-spirit, sulphurous 
anhydride, and hydride of methyl. 

Chloride of methyl is a colourless gas, having an ethereal odour and saccharine taste. 
Specific gravity 1736. It does not condense at —18°. Water dissolves 2 8 times its 
volume of this gas at 16°. 

CliLride of methyl burns with a white flame, green at the edges, producing wafer, 
hydrochloric acid, and earl*onic anhydride. Passed through a red-hot tube, it. is 
resolved, with slight deposition of charcoal, into a mixture of methylene and hydro- 
chloric acid : CH*C1 ==* CH' J + HC1 (Dumas and Peligol). According to Porrot 
(Ann. Ch. Plmrm. ci. 375), it deposits chureoal, and yields hydrochloric acid, nmrsli- 
gas, ethylene, carbonic oxide, napht halene, and a substance which unites with bromine 
into a crystallised compound, melting at 40° und boiling at 220°. When passed over 
heated potash-lime, it yields formate and chloride of potassium, together with hydrogen 
gas : 

CHH’l + 2K HO - CIIKO* + KC1 -f 211*. 

Wlien passed over phosphide of ealeium at 200° or 300°, it yields a number of phos- 
phoretted products, some of whieh appear to be organic bases. (P. *1 lionurd.) 

A gas having the same composition and physical proper! ies as the preceding was 
obtairnsi by Bunsen, by the action of heat on basic perclilorich* of cacodyl. Kolbe 
and Varrent rapp (Ann. Ch. Pliarm. Jxxvi. 37) also obtained a gus of the same 
composition, by leaving a mixture of equal volumes of marsh-gas and chlorine exjxjscd 
to diffused daylight. Oerhardt ( Trait/- . i. 566) regarded the first only of these 
products as ClPCl. the two latter as CH'Cl.H. 

Baeyer (Ann. Oil. Pliarm. evii. 181 ) finds that the gas produced from basic per- 
chloride of cacodyl, exhibits the same degree of absorbability in water its that, 
produced by heating wood- spirit with salt and sulphuric acid, tin* coefficient of 
absorption for both these gases being 5*034 at 7°; 4 172 at 14°; 3 462 at 20°; and 
3*034 at 25°. Moreover, the gas obtained by either of these methods forms a 
crystalline hydrate when passed into water cooled la-low 0°. On the contrary, the gas 
produced by the action of chlorine on marsh-gas does not form a crystalline hydrate, 
and has a much similler coefficient, of absorption in walcr (0 08 at 14°). Hence llaeyer 
concludes that the gas produced by the decomposition of basic perehloride of cacodyl 
is identical with chloride of methyl, but that the gas resulting from the action of 
chlorine on marsh-gas is a substitution product isomeric but not identical therewith. 
According to Bert helot, on the other hand, the last-mentioned gas is really chloride 
of methyl, and may be eon verbs! into methylic alcohol bv the action of potash. 

Chloride of methyl is not attacked by chlorine in diffused daylight, but when 
exposed to the direct rays of the sun, it yields successively the three compounds — 
Monochlorinated Chloride of Methyl ..... ClPCl 3 

Dichlorinated Chloride of Methyl, or Chloroform - - . CHC1* 

Tricblorinatcd Chloride of Methyl, or Tetrachloride of Carbon . CGI 4 
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Monochlorinated Chloride of Methyl CH*C1* = C(IPCI)C1, is a very volatile liquid 
of exciting odour, similar to that of Dutch liquid. It boils at 30-5°. Specific gravity 
» 1*344 at 18°. Vapour-density 3*012. Treated with alcoholic potash, it yields but 
a slight precipitate of chloride of potassium, and distils almost without alteration. 
(For the other chlorinated compounds, see Chloroform, and Carbon, Chlouides of) 
(i. 765 and 919). 

prrs k 

METHYL, HYDRATE OF. CH 4 0 2 = H ( °* Methylic Alcohol , Wood- 

spirit. Wood-naphtha , Pyroxylic spirit. Esprit de Hois, Hohycist, Hnlzissiygeist . — 
This compound was first observed by Taylor in 1812 (Tilloch’s Phil. Mag. lx. 315) 
among the products of the dry distillation of wood, afterwards more particularly ex- 
amined by Dumas and Pel i got in 1835 (Ann. Cli. Piiys. lviii. 5 ; lxi. 193). It con- 
stitutes about 1 per cent, of the watery products of the dry distillation of wood; and 
in combination with salicylic acid (as methyl salicylic acid), it forms the chief con-* 
stituent of the essential oil of winter-green ((raulthcria procumhcns). According to 
IJerthelot (Ann. Ch. Pharm. cv. 241) it may be produced artificially from marsh-gas 
(that compound when treated with chlorine yielding chloride of methyl, which by 
boiling with caustic potash is converted into rnethylic alcohol); and as marsh -gas itself 
can be formed synthetically from inorganic materials (p. 855), it follows also that 
methylic alcohol can be obtained by synthesis. 

Preparation. 1. Of Commercial Wood-spirit.— -The crude 'watery liquid (pyrolig- 
neous acid) obtained by the distillation of wood is decanted from the tarry portion of 
the distillate and redistilled; the first tenth wlifth passes over is rectified, once or 
oftener over slaked lime, whereupon a largo quantity of ammonia is given off; sul- 
phuric acid is then added, which unites with the remaining ammonia and preci- 
pitates a certain quantity of tar; and the liquid is redistilled, and finally rectified 
several times over quicklime. 

The crude wood-spirit thus obtained has a strong aromat ic odour and turns brown on 
keeping. It contains considerable quantities of acetate of methyl, acetone, and a 
liquid called lignonc by Woidmann and Schweizer, xylite by Vol ckel, the nature 
of which has given rise to considerable discussion, but which has lately been shown by 
Dancer (Chcm. Soc. J. xvii. 222) to consist essentially of dimethyl-acetate of ethylene. 

2. Of Pure M- thylic alcohol. To obtain nearly pure methylic alcohol from commer- 
cial wood-spirit, advantage may be taken of the property which it possesses of forming 
with chloride of calcium a compound which is not decomposed by merely heating it to 
100°, but gives off the rnethylic alcohol when dist illed with water. The crude wood- 
spirit is saturated with fused chloride of calcium, and heated over the water-bath as 
long as anything volatile is given off ; it is thus freed from the acetone, dirnethylate of 
ethylene, &c., which do not unite with the chloride of calcium. The residue is then 
distilled with water, and the aqueous methylic alcohol thus obtained is rectified over 
quicklime (K an e, Ann. Ch. Pharm. xix. 161). According to Could (Cheni. Soc. J. 
vii. 311 ) it is advisable first to distil the wood-spirit with an equal volume of strong 
potash or soda-lye, in order to deeompo.su the nut hylic acetate contained in it, some- 
limes in very large quantity, then to dehydrate with carbonate of potassium, and finally 
saturate with chloride of calcium as above. 

To obtain perfectly pure methylic alcohol, however, it is necessary first to prepare 
a methylic ether, and then separate the alcohol from it by distillation with an alkali: 
a. Oxalate of methyl is prepared by distilling 1 pt. wood-spirit, 1 pt. sulphuric acid, and 
2 pta. oxalate of potassium ; the crystals of this ether, after being purified by pressure, 
are decomposed by distillation with water, and the distilled inctliyiic alcohol is dehy- 
drated by rectification over quicklime (Wohler, Ann. Ch. l J harm. Ixxxi. 376). 
H. BensGonte of methyl, prepared by passing* -hydrochloric acid gas into a solution of 
benzoic acid in wood-spirit, distilling and precipitating thej>ortion collected above 100° 
with water, is decomposed by several hours boiling with soda-lye, the liquid is then 
distilled, and the distillate rectified over quicklime. 

Methylic alcohol may also be obtained very nearly pure by distilling oil of winter- 
green (methyl-salicylic acid) with potash or soda-lye, and rectifying the distillate over 
quicklime ; it. retains, however, a slight odour of the oil. 

Ihroperties . — Methylic alcohol is a colourless mobile liquid, having a purely spirituous 
odour, like that of common alcohol (the empyroumatic odour of crude wood-spirit arises 
from the impurities). Specific gravity -«0'8142at 0°. Itl>oilsHt 60° to 66-5°, according 
to the nature of the vessel, and bumps strongly during boiling. It burns with a pale 
flame, mixes with water, alcohol , and ether, dissolves oils l>oth fixed and volatile, also 
the greater number of resins, and is therefore much used as a solvent in place of com- 
mon alcohol. It is also used for burning in spirit-lamps. 

The following table exhibits the strength of pure wood-spirit, according to its density, 
as determined by Ure (Phil. Mag. [3] xix. 51): 
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Ptr-teniagt of Anhydrous Meihylk alcohol (sp. gr. 0*8136, at 15°) »n Wood-Spirit. 


S|>. gr. 

Per cent. 

Sp. (TT. 

Per Ci nl. 

; Sp. gr. 

Per cent. 

Sp. gr. 

Per cent. 

0*8136 

100*00 

0*8674 

82 00 

! 0*9008 

69 44 

0-9844 

53*70 

0*8216 

9811 

0*8712 

80 64 

j 0 9032 

68-60 

0 9386 

61*64 

0*8266 

9611 

0*8742 

79 36 

09060 

67*57 

0 9414 

60*00 

0*8320 

94 34 

0*8784 

78*13 

0*9070 

60 66 

0-9448 

47*62 

0-8384 

92*22 

0*8822 

77 00 

0 9116 

(500 

0-9484 

46*00 

0-8418 

90 90 

0*8842 

75-76 

0-9154 1 

63*30 

0*9518 

43*48 

0*8470 

88-30 

08876 

74-63 

0 9184 

61*73 

0*9640 

41*66 

0*8614 

87*72 

0-8918 

73 53 

i 0*9218 1 

60*24 

0*9564 

40(H) 

0*8564 

86 20 

0 8930 

72-46 

; 0*9242 

58 82 

0*9584 

38*40 

0*8596 

84-75 

0-8960 

71 43 

0 9266 

67*73 

0 9600 

37*1 l 

0 8642 

83 33 

0-8984 

70 42 

’ 0*9296 

6618 

0*9620 

36 71 


Methylic alcohol unites directly with some sul^tnmvs, forming compounds like tho 
ttlcoholates (i. 80), in which it takes the place of water of crystallisation. A solution of 
anhydrous baiyta in wood -spirit leaves on evaporation crystals containing Bu0.2CH 4 0. 
Chloride of calcium is dissolved by wood-spirit with great rise of temperature, and the 
solution on cooling deposits large crystals ,»f the compound CuClMCHK), which may 
be heated to 100° without decomposition, hut is decomposed by water, oven at tempera* 
lures below 100°, yielding a distillate of methylic alcohol. 

Decomposition*.— 1. Vapour of methylic alcohol prowl'd through n red-hot tube yields* 
acetylene, together with other products (Bert helot, Ooinpt. rend. 1. 805).— 2. Pure 
methylic -alcohol burns in the air with a flame like that of common alcohol, without 
smoko. — 3. In contact with platinum-black it is oxidised to formic acid. — 4. Potash 
und soda dissolve in it readily, forming solutions which turn brown in contact with 

t l u , air. 5. Methylic alcohol mixed with sal-ammoniac mid heated in a sealed tube 

to 300° yields the hydrochlorates of methylainine, dimethylamine, and trimethylumino 
(Berthelot^. — 6. Hypochlorite of calcium (bleaching nowder) converts it into chloro- 
form (CHC1*). A solution of potunh in methylic alcohol treated with bromine or 
iodine, yields bromoform or iodoform.— 7. With potassium it gives off hydrogen 
and is converted into methylate of potassium, CJI f K0 ; similarly with sodium.-- 
8. Heated with alkaline hydrates , it gives off hydrogen and yields a formate of til* 


alkali-metal : 


CH 4 0 + KHO ~ CTIKO* + H 4 . 


At higher temperatures and with excess of alkali, as when wood -spirit is pawed over 
ml hot potash-lime, the formate is converted into oxalate, and ultimately into carbonate, 
each change being attended with evolution of hydrogen (ii. 688). 

9 Strong sulphuric acid acts upon methylic, partly in the same manner as upon 
ethylic-alcohol, producing methyl-sulphuric Mid. CH'.H.SO", which when heated .u 
contact with excoaa of wood-apirit, yields oxide of methyl. i he action which 
takes place at higher temperatures differs, however, from that winch takes p ace 
under Similar circumstances betw.-en oil of vitriol and r, hylic-alcohol in this 
respect, that no methylene (CIP) appears to he prodneed. but. neutral sulphate of 

mCt \n yl CUoH^g^ passed .To 1- ' anhydrous wood-spirit nets upon it with considerable 
energy each babble of gas sometimes producing flame and detoiist ion, and forms Jiydro- 
chlonc acid, together with several el.lorinat.d prod nets. [ I lie ehloraeetones sometimes 
obtained in thU reaction result in all probability from see, one annlained Hi i he wood- 
spirit]. According,.. Cine* (Oompt rend xlvm. Mi : n k'. 1. cqft'wV * 

product of the action is a erystalline substance, paraehloralide. C HU <> 

2011*0 + Cl" - C’HCTO + H’O + /SHCI. 

Bromine acts in a similar manner, producing pa rabrom elide, CTIJVO Rich* 
i A pL __ cx ij 3231 by subjecting a mixture of wood-spirit and hydrochloric 

^d°b thf Sn Of tie el^tric current, obtained a chlorinated li,uid containing 

rnsthvlic alcohol is added by drops to brown chloride o/ndpkur, SCI*, a vio- 
1 1 1‘ ' ,Lre hvdrochlone acid, sulphur., us anhydride, and vapour of methyltc 

lent acrion Ukesplaw, hyorocnion , I „f thionyl. SOd'l*, passes over, 

chloride are evoived, a small £»»•■* „ f d|lorid( , of su/phur, S"C1*. 

TV brown^hioride of.ulpfa£ SCI*, appeam indeed to act like a mixture of S»C1* and 
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SCI 1 , the former remaining unacted upon, while the latter produces the following dv 
composition : ■ e ' 

SCI 1 + CH 4 0 = HCl + S0C1 2 + CH*C1 

SCI 1 + 2CH*0 = 2HC1 + SO* + 2CWC1. 

Chloride of thionyl also a eta violently on met hylic alcohol, producing hydrochloric 
acid and neutral sulphide of methyl, together with chloride of methyl and methyl- 
sulphurous acid : 

2SOCP + 4 CWO = 3HC1 + CH 3 C1 + (CH*) 2 .SO f + CH*.H.S0 S . 
Protochloride of sulphur (or chloride of sulpkothionyl, SSCP) likewise acts strongly 
on methylic alcohol, hydrochloric acid and methylic chloride being evolved, while a 
small quantity of methyl-rnercaptan passes over, and the residue contains methyl- 
sulphurous acid and neutral methylic sulphate, besides separated sulphur. The first re- 
action is probably 

S*C1 2 + CH'O = SOOl 2 + CH^S, 

and tho chloride of thionyl then acts on the methyl-mercaptan, and probably also on 
further quantities of methylic alcohol, as shown by tho following equation : 

3SOC1 2 + 4CH'S = 4HC1 + 2CH*C1 + (CH 3 ) 2 SO s + S« 

and by the last equation but two. (Carius, Ann. Oh. Pharm. cx. 209, cxi. 93.) 

Ethyl-sulphurous chloride , CTFCISO* (the product of the action of pentachloride 
of phosphorus on ethyl-sulphites), acts on methylic alcohol (or more definitely on 
^methylate of sodium), producing hydrochloric acid (or chloride of sodium) and mothyl- 
cthyl-sulphurous acid : 

CHMI.O + C*H 6 C1S0* = IIC1 + ^(SO*. (Car i us, Ann. Ch. Pharm. cxi. 93) 
MfiTBYL, HYDRIDE OP. Syn. with Mahsh-gas (p. 854). 

METHYL, IODIDE OZ*. CIPJ. — Obtained by distilling 1 pt. of phosphorus, 

8 pts. of iodine, and 12 or 15 pis. of wood-spirit, or according to Hofmann (Chem. 
8oc. J. xiii. 09), 1000 grins, iodine, 500 methylic alcohol, and 00 phosphorus. Tho 
distillate is mixed with water which separates ‘the iodide of methyl, and the product is 
rectified in the water-bath over chloride of calcium and oxide of lead. It is a 
colourless licpiid, slightly combustible, so that it does not burn well excepting in the 
fbimo of a lamp ; it then diffuses abundance of violet vapours. Specific gravity 
— 2237 at 22° ; 2 1992 at 0° (Pierre). Hoi Is at 42*2° under a pressure of 0*752 
met. (Andrews) ; at 43 8° under 0'750 met. pressure (Pierre). Vapour-density 
~ 4 883. It is not attacked by hydrochloric acid gas. 

Chlw'ine converts it into chloride of methyl, with deposition of iodine. Heated 
with metallic cine in a scaled tube, it yiehls iodomethylkle of zinc : 

C1PI + Zn - Zn’CIPI. 

Heated with arsenide, antimoni.de , ike. of potassium o r sodium, it yields the arsenides 
antiuumides, &e., of methyl. Heated in a sealed tube with aqueous ammonia , it forms 
the iodides of ammonium, methyl-ammonium, di-, tri-, and totra-methyl-animoniiim, 
the first and lust of these iodides being produced in greatest quantity. With maqmsium 
it yields magnesic methidc (p. 756), the action beginning even at ordinary tem- 
peratures; with aluminium, aluminic methide (p. 983). 

METHYL, OXIDE OP. Mfhylie ether. C*H*0 = (CJP) 2 0. (Dumas and 
Peligot, Aun. Ch. Piivs. [2J lviii. 19.)^— Produced by heating a mixture of 1 pt. 
wood-spirit and 2 pts. strong sulphuric add, and washing the gaseous product with 
potash-lye. At ordinary temperatures, it is a gas having a pleasant ethereal odour, 
very solublp in alcohol, ether, and sulphuric acid, less soluble in water (which dissolve's 
37 times its volume of the gas at 18°). By cooling to - 36°, by means of a mixture of 
snow and chloride of calcium, it is condensed to a liquid boiling at —20°. (Berthelot.) 

Methylic ether unites directly with sulphuric anhydride, forming neutral methvlic 
sulphate, (CH^O.SO 3 or (CIP) 2 SO\ J 

METHYL, PLUMBIDES OP. See Lead-r.vpicx.es, Organic (p. 563). 
M1THTL, BBLBNXDB OP. Selcvmfthyl. OHPSo = (CH*)=Se. (Wohler and 
Dean, Ann. Cb. Pharm. xcvii. 5.)— Obtained by distilling a solution of methyl-sul- 
phate of barium with eelenide of potassium. It is a reddish-yellow very mobile liquid 
heavier than water, insolublo therein ; of intensely disagreeable odour ; very inflammable, 
and burning with a bluish flame. Strong nitric acid dissolves it, with rise of tempera- 
ture; the solution is not precipitated by hydrochloric acid, but sulphurous acid throws 
down selenide of methyl from it. On attempting to concentrate the liquid by evaporation, 
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a now and very violent reaction is sot up, nitric oxide being evolved, and the temperature 
sometimes rising so high as to set fire to the mixture. 

The product of this reaction is liiethyl-aeleniou* acid, CIPSeO*, which, by cau- 
tious evaporation and cooling, may be obtained as a crystalline mass. It forma salt* 
with banes, and is converted by hydrochloric acid into in e t h y 1 « s o 1 e n i o u s chloride, 
C'lRSeCRCl.IRO, which crystallises in transparent prisms, and is converted by hydro- 
bromic and hydriodio acid into the corresjKtmling bromine- and iodine-compounds. 

METHYL, SULPHIDES OX*. Methyl forms three sulphides, represent^ by 
the formula? (CH S ) 3 S, (Cll’i-S- and and a sulphydrate or mercaptan, CH‘S, 

homologous with ethyl-mercaptan. 

ProtOBUlphide of Metbyl. (.’’IRS =» (OH !, ) ; S. (Regnanlt, Ann. Cli. Phys. [21 
lxxi. 391.) — This coinjamnd is easily obtained by passing gaseous chloride of methyl 
*into a solution of protosulpliide of potassium in wood-spirit, contained in a tubulated 
retort. Tlie gas is absorbed in large quantity, and if the retort be then heated and 
the receiver kept cool, sulphide <>f methyl distils over. It is a colourless, very 
mobile liquid, having an extremely disagreeable odour. Spifitic gravity, (r84A at 21. 
Boiling point 41°. Vapour-deimity 211A It is readily attacked by chlorine. On 
letting a few drops of it fall into a bottle tilled with dry chlorine, a red flame is pro- 
duced, and a large quantity of hydrochloric acid is obtained, together with a deposit 
of charcoal ; but it the temperature be kept low, the following substitution-products 
are obtained : 

a. M>»vn< hh>ri iiotui nuthylic aulphitlc, (ClTGl)’.S Tliis is the product of the action of 
chlorine on sulphide of methyl, at a low temperature and under the influence of diffused 
daylight. It is a yellow oil, heavier than wuter, ami having a very offensive odour. 
When heated in a retort, part of it distils over, but a considerable portion suffers altera- 
tion and leaves u earbonaerous residue. (Riche, Aim. < 111. Phys. |3] xliii. 283.) 

0. Bit hforiittifi ,! nitthj/fi,' imljihnlr, ((.'1I0P)‘S. IVmI need by exposing the preceding 
compound to the aetion of chlorine, taking care to cool the vessel at the beginning to 
prevent t lie action from becoming too violent. It is a heavy yellow liquid, partly dc- 
co m posed by distillat ion. (Kiehc.) 

y. l't rchlnrhwt'tl no fit, /hr sutphitlc, (COPpS, is the product of the action of chlorine 
on the dichlorinated compound under the influence of direct sunshine. It is a limpid, 
amber-coloured liquid, having a string poin t rating odour. Jt boils regularly ami 
without alteration betwien 1 /id 0 and IfiO". Its observed vapour- density is 6 (>S , the 
formula CH T‘.S giwi- q 41 for a condensation to 2 volumes, and 17 for a condensation 
to 4 volumes, indu cting dissocial ion ( i. 4G9) ; but tin specimen operated upon was 
probably impure. The eonqHiund is quite insoluble in water, but dissolves easily in 
alcohol and ether. It does m.t appear to lie altered by aqueous polash. 

'Pile ermte liquid resulting from tin* net ion of chlorine on diclilorimited methylic 
sulphide*, has a red colour and contains chloride of sulphur and tetrachloride of carbon, 
which pass over with the first portions of tin* distillate, and are more abundant in pro- 
portion as the dirldorinated sulphide was less completely dried. (Riche.) 

JYoiosulpliidont methyl unites, like sulphide of ethyl (ii. .VK>), with mere urn • chloride 
ami plat hue rh'oruh\ forming the compounds (-MPS.IJg t l*’ and 2('‘ , JI“S.I > t.( ’]*, both of 
which are crystalline. 

Disulphide of Methyl. GIPS or < ’■'IPS-. < Ga h o u rs, Ann. < ’h Rhys. [3] xviii, 

j;, 7 . Prepared, i. Ry passing gaseous chloride of methyl through an alcoholic solution 
of disulphide of potassium. — 2. Ry distilling a mixture of sulphonr.itliyiute of calcium 
and disulphide of j«»ta«Hium : 

(CIP^C’u '(.SO 1 )* + K 2 S* - (CH’RS* 4- r a"S0‘ 4 KW. 

The yellowish distillate is rectified: ami the portion which distils over between 110° 
and 112° is dried by chloride of calcium, and again partially distilled. 1 t 

Jt is a transparent colourless liquid, having great refracting |*ower. and a density of 
1*0-40 at 18 . Roils between 110' and 118 . Vapour-density at 19G° - 8'298. Ha* 
a very persistent and intolerable odour of onions. 

It is but very sparingly soluble in iraOr, but nevertheless imparts its «*lour to Unit 
liquid. Mixes in all proportions with alcohol and / tin r. (hiihourn,) 

This compound may be set on fire by a red-hot body, and burns with n blue flame, 
emitting a strong odour of sulphurous acid. Chlorine acts violently upon it, producing 
at first a substance which crystallise* in amber-coloured rhombic tables, and is converted, 
by the further action of tin* chlorine, into a yellow, and ultimately into a red liquid, 
consisting of a mixture of C*C1*S and SCR Bromine likewise forms substitution- 
products. Moderately strong nitric roW arts strongly m. the eoHij^und, producing 
sulphuric acid, and a peculiar acid which forms with potash long slender needles; 
with baryta, shining colourless tables; and with lime and oxide of lead, soluble 
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crystallisable salts.* Sulphuric add dissolves the compound at ordinary tempera- 
turea ; but decomposes it when heated. The compound is not altered by distillation 
over concentrated potash-solution. 

Trlsulpblde of Methyl. (CIP) 3 S 8 . — If the disulphide of potassium in the 
preceding preparation is replaced by pentasulphide, a considerable quantity of methyl i c 
disulphide is likewise obtainod, but at the end of the distillation, at about 200°, a yel- 
lowish product is obtained having the composition of the trisulphide. It behaves like 
the disulphide with chlorine and with nitric acid. (C ah ours.) 

MBTHTL, 8ULPBYDKATE OP. CIPS = C ^*js. (Gregory, Ann. Ch. 

Pharm. xv. 239.) — Formed by distilling in the water-bath, with efficient condensation, 
a mixture of 1 pt. of a solution of snlphomcthylato of calcium, ;ind 1 pt. of a solution 
of sulphydrate of calcium (both solutions having a density of 1*25), and agitating the® 
distillate with caustic potash, to free it from sulphydrie acid : 

(CH*) 2 Ca"(SOD 2 + 2KHS « 2(CH a .HS) + KhSO 1 + CVSOb 
It is a liquid lighter than water, boiling at 21°, and having the odour of mercaptan, 
but even more offensive. It is slightly soluble in water ; forms with acetate if lead a 
yellow, and with mercuric oxide a white compound (CH 2 Hg"S), which crystallisos from 
a hot alcoholic solution in shining laminae not fusible at 100° 

METHYL, TELX.VR1DE OP. Tellur o-methy l . C 2 II«Te = (CH*)«To. (Wohler 
and Dean, Ann. Ch. Pharm. xciii. 233. — Ileeren, Ucbtr lellurathyl- and Tillurnuthyl- 
mrbindungen , Gottingen, 1801.) — This compound is obtained by distilling tellurido of 
potassium with sulphomethylatu of barium, the distillation being continued as long as 
drops of oily liquid pass over with the water, and the process conducted altogether as 
for the preparation of tollurethyl (ii. 650). 

Properties. -- Telluromethyl is a pale yellow mobile liquid, which sinks in water, and 
does not mix with it. It boils at 82°, forming a yellow vapour like tellurium itself. 

It has an extremely disagreeable alliaci*ous odour, which is so intense and persistent, 
that even the breath is affected by it after soqje time. It fumes in the air from oxi- 
dation. When set on fire, it burns with a bright bluish-white flame, diffusing white 
fumes of tellurous acid. Strong nitric acid oxidises it, with evolution of nitric oxide. 

Tolluromethyl behaves to oxygen, chlorine and other chlorous radicles, like a metal, 
forming a basylous oxide and a series of salts, which are produced by saturating the 
solution of the oxide with acids, or by precipitation. 

Acetate of Telluromethyl, (Me'^Te)' j > forms largo, well-developed, limpid 

cubes, which have an unpleasant odour, crumble to a white* amorphous powder when 
exposed to the air, aro insoluble in cold alcohol, but dissolve easily in water. The 
solution is neutral, gives with sulphurous acid a yellow precipitate of telluromethyl ; 
with hydrochloric acid, a white precipitate of the chloride; with iodide of jotassiuni, no 
precipitate. (Hnercn.) 

The bromide , (CIP^TeCl 3 or Me 2 ToCl’, is obtained as a thick white precipitate, 
resembling bromide or chloride of load, on adding hydrobromic acid to a solution of 
nitrate of telluromethyl. It forms shining colourless prisms which melt at 89°. 
(Wohler and Dean.) 

The carbonate, (j^ype)'' j (JJO) 3 ' difficult to crystallise. (Ileeren.) 

The chloride , Me 2 TeCl 3 , is obtained, on ^adding hydrochloric acid to a solution of 
the nitrate, ns a thick white precipitate resembling chloride of lead (Wd hler and 
Dean); as a colourless heavy oil, which solidifies crystalline on cooling ; similarly by 
milling hydrochloric acid to a solution of the oxychloride. (Heeren.) 

It redissolves when heatod, and crystallises on cooling in long thin prisms, like cor- 
rosive sublimate. It appears to be isomorphous with the bromide (Wohl e r and 
Dean). It melts at 97 5°, but appears not to l>e volatile without decomposition. 
Solidifies from fusion in a mass having a highly crystalline structure. Does not distil 
over with water, but its heated aqueous solution has a faint alliaceous odour. Does 
not form any precipitate with plat.inic chloride. Dissolves readily in alcohoL 

t cho* 

The formate , (Me 2 Te)"J , crystallises in deliquescent colourless needles, 

forming a neutral solution in water, from which hydrochloric acid precipitates chloride 
of telluromethyl in the form of a colourless oil. (Heeren.) 

* Musnratt (Cham. Sor. Qu. J. I. MJ gave to this arid the name or BinUpkimrtkfftie acid, representing 

tts salt* nv the formula C-ir M&0'„ more recently, however (Chem. Soc. Qu. J. ni. **), he has found 
that it is identical with methyl-sulphurous acid, the formula of wboee salts is (yiPM&O*, or CH , MSO a . 
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Iodide , M©*TeS ? . — When colourless hydriodic acid, or iodide of potassium, is dropt 
into a solution of nitrate of telluroniethyl, a precipitate is formed of a bright lotuou- 
yellow colour, but changing in a few seconds to vermillion-red. If the solutions are 
mixed warm, the precipitate exhibits at once a red colour and crystalline structure. 
When dry, it forms a Vermillion coloured jH>wdcr. The compnind dissolves sparingly 
in cold, much more freely in hot water, and abundantly in hot alcohol, funning a red- 
dish-yellow solution. From both solutions, it crystallises in small shining, Vermillion- 
coloured prisms, which art 1 largest when they separate from the alcoholic solution. 
They yield an orange-yellow powder. Under the microscope they appear orange- 
yellow by transmitted light, but certain faces exhibit a fine blue surface-colour. The salt 
appears to be dimorphous, like iodide of mercury ; for on mixing the cooled alcoholic 
solution with about an txpul volume of Muter, tin* iodide is precipitated, of a lenum- 
jgdlow colour ; but in a few minutes a movement of the particles is observed throughout 
the liquid, and the precipitate soon assumes the diameter of Vermillion coloured crys- 
talline lamina?. The yellow variety cannot, however, be obtained in a permanent 
form; for the alcoholic solution yields red crystals by evaporation, and the compound 
cannot l>c melted without decomposition. Even at 130°, it is converted into block 
iodide of tellurium. (Wohler and Dean.) 

Nitrate. Me-T©(N()’)’ (W oh! -r ami 1) e u n) ; Me“Tc j . (H eeren )- -Tel- 

luromcthyl heated witli moderately strong nitric acid, dissolves partially at first, with 
reddish-yellow colour; but after a while, a violent reaction ensues, attended with ©vo- 
lution of nitric oxide, and a colourless solution of the nitrate is obtained, which by 
careful ©vu|K>ration, yields tin* salt in large colourless prisms. Sometimes, however, 
prolmbly when the acid is too strong or in too great excess, the salt is obtained on 
evaporation, not in crystals, but in the form of a transparent amorphous mans contain- 
ing tellurous acid, mixed or combined, and arising probably from decomposition of a 
jeortion of the telluroniethyl. The nitrate decomposes with explosion when heated. It 
dissolves readily in water and alcohol. The aqueous solution, mixed with hydriodic, 
hydmbromic or hydrochloric acid, yields a precipitate of iodide, bromide or chloride of 
telluromothyl. (Wohler and Don n. ) 


The oxalate, (Mc*T©)*|^jj* , crystallises in monometric forms ; if is neutral and 

less soluble in water than in alcohol ; the aqueous solutions give with hydrochloric 
acid a precipitate of the chloride. (11 eeren.) 


Oxide of Tellur om* thy l, M© 2 ToO, is obtained by decomposing the chlqrido or 
iodide with oxide of silver. Either of these compounds is moistened with water, and 
oxide of silver, recently precipitated by baryta- water and well washed, is added in ex- 
cess, whereu|K)n decomposition begins immediately, and the mass becomes sponta- 
neously heated. The filtrate eontains the oxide in solution. 

Oxide of telluroniethyl is indistinctly crystalline when dry; has an abominable taste, 
but is inodorous ; deliquesces in the air like potash, and absorbs carbonic acid, its 
aqueous solution is strongly alkaline to test-paper ; eliminates ammonia from sal-am- 
moniac, even ai ordinary temperatures, and forms a blue precipitate with sulphate of 
copper. Sulphurous acid added to the solution immediately throws down tellurome- 
lliyl, in the form of a stinking oily liquid ; hydrochloric acid precipitate the whit© 
chloride; hydriodic acid the red iodide. On saturating the lupicous oxide with 
sulphydric acid, a slight milky turbidity is produced ; and on distilling the liquid, 
white sulphur separates out, and a yellow oil pusses over, which apjs*ars to be merely 
reduced telluromethyl (Wohler and Dea n).- If ce r e n did not succeed in preparing 
the oxide in the solid state ; the strongly alkaline solution obtained by dccorrmosing 
the oxychloride wit h recently precipitated silver-oxide, quickly became turbid, and when 
evaporated in a vacuum, left nothing but tellurium, * 


The oxychloride, (Mo*Te)*CI*0, is formed by dissolving the chloride in ammonia. 
On evaporating and digest ing the residue of sol-ammoniac oral oxychloride in alcohol, 
the latter dissmves and separates from the solution in short, colourless prisms. Ilydro- 
chloric acid added to the solution precipitates the chloride. (W bhler and Dean.) 

The oxy bromide, (Me 7 Te) 7 Er 2 0, is obtained in a similar manner. 

Phosphate . — On dropping phosphoric acid into a solution of the oxide, a lemon- 
yellow precipitate of tell u mm et hylic phosphate is produced, insoluble in water and in 
lUcobol; it turns grey when exposed to light, and melts when heated to a brown sub- 
stance (TeP*?). It dissolves in excess of phosphoric acid, forming a colourless liquid, 
which yields colourless crystals by evaporation From the aqueous solution of these 
crystals, ammonia throws down the yellow insoluble phosphate, and hydrochloric acid 
ties whit© chloride. (H e© r© n.) 
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The sulphate, (Me*Te)* (Heeren), is obtained by saturating the base 

with sulphuric acid, or by decomposing the solution of the oxychloride with sulphate of 
silver. It crystallises in large, very regular transparent cubes, easily soluble in water 
insolublo in alcohol. " * 

Sulphochloride , (Me 2 Te 2 )Cl 2 S ? Sulphuric acid psissed through aeolution of the 
chloride, forms a white flocculent precipitate which afterwards turns yellowish, the 
liquid at the same time acquiring an extremely repulsive odour. If it be then distilled 
there passes over with the water a heavy oily liquid, having a reddish-yellow colour 
and extremely offensive odour, and yielding sulphuric acid when oxidised with nitro- 
rnuriutic acid. (Wohler and Dean.) 

According to Heeren, sulphydric acid forms, in solutions of telluromethylic salts, an 
orange-yellow precipitate, which, when heated or strongly ignited, cakes together, and 
sinks to the bottom in the form of black heavy oily drops, from which ether extracts 
telluromethyl, leaving a black powder consisting of disulphide of tellurium. 

MJBTHY'Xi.A.CET.AXt See Methylate of Ethylbne. 

MBTHYIACETONE. See Acetone (i. 31). 

MBTHYLAL. C 8 IP0 2 , — A product of the oxidation of methylic alcohol. When 
a mixture of wood-spirit, sulphuric acid, and peroxide of manganese is distilled, there 
passes over, amongst other products, an ethereal liquid, miscible with water, to which 
I) u m as (Ann. Ch. Pharni. xxvii. 13/)) gave the name formom ethy lal, regarding it 
as a definite compound. Malaguti, however (Ann. Ch. Phys. [2] lxx. 390), showed that 
it- is a .mixture of methylic formate and mcthylal, of variable composition and boiling point, 
and is resolved by boiling with potash into formic acid, methylic alcohol, and mcthylal! 

Mcthylal is a limpid liquid smelling like acetic acid, of specific gravity 0*8/)51, 
Paling at 42° under a pressure of 0761 met. ; its vapour-density is 2‘fi26. It dissolves 
in 3 volumes of water, and is separated therefrom by potash ; soluble also in alcohol and 
et her. When gently heated with slightly diluted nitric acid , it decomposes, eliminating 
nitric oxide, without carbonic anhydride or carbonic oxide, and yielding a solution con- 
taining a considerable quantity of formic acid. It is likewise oxidised to formic acid 

by a mixture of sulphuric not'd and chromate of potassium, and by alcoholic potash. 

C Ido rim acts very slowly on it, producing formic acid and trichloride of carbon : 
C # H"0* + 0C1 2 = CIPO 2 + C* Cl«‘ + 6HC1. 

MEtHYlAMINEfl AND METHYIAMMONIDMS. Organic leases 
homologous with the ethylamines, formed on the types NIP and NIP respectively, by 
the partial or total substitution of methyl for hydrogen ; viz. m ethyl am iue, N.JP.CIP ; 
d i m ethyl am i n e, N.H.(CH S ) 2 ; trimethylainine, N(CIP)* and tetramethyl- 
ummoniuni, N(CH*) 4 . The met hylamines, like the ethylamines, are known in the 
free state; but tetrethylammonium is known only in its salts, which are analogous in 
constitution to the ammonium salts. There are also amines and ammoniums in which 
the hydrogen is replaced, partly by methyl, partly by other alcohol -radicles, as ethyl, 
amyl, phenyl, &c., e.g. mot hy l -e t hy 1-amy la m in e, N.CIP.C 2 IP.C 5 H 11 ; methyl- 
tri ethyl -ammonium, N.CfP.(C 2 IP)\ 

H ) 

METHY1AMINE. CIPN = 11 N. Mi tkul ammonia, Mtthylia . — This base 

CIP ) . 

was discovered and fully examined by^Wurtz in 1849 (0>mpt. rend, xxviii. 
223 and 323 ; Ann. Oh. Phys. [3] xxx. 443% It is produced by reactions analogous to 
those which give rise to the formation of otnyhimine (ii. 653); viz. 1. By the action 
of potash on cyanate or cyanurate of methyl (Wurtz). — 2. By the action of potash on 
methyl-carbamide (methyl-urea) (Wurtz).— 3. In the form of a salt, by the action of 
ammonia on various methylic ethers: thus iodide of methyl heated in a sealed tube 
with ummonia, yields hydriodate of methylamine or iodide of methylammonium, to- 
gether with iodide of ammonium and the iodides of di-, tri-, and Mm-methyl- 
aminoninm (Hofmann). — 4. By heating chloride or iodide of ammonium with wood- 
spirit in sealed tubes (Berthelot). — 5. By the action of caustic alkalis on morphine 
and codeine (Wert heim, Ann. Ch. Pharm. lxxiii. 210), and by heating glycocine 
with anhydrous baryta^Cah ours, ii. 903): 

C 2 H R NO* + B.iO - BaCO* + CH*N. 

6. In combination with hydrochloric acid, by the action of chlorine on theobromine 
(Koch leder and Hlasiwetz, Jahresb. 1850, p. 437)oron caffeine (Kochleder, ibid. 
434% — 7. By the action of nascent hydrogen on hydrocyanic acid: CHN + H 4 
CIPN (Mendius, Ann. Ch. Pharm. exxi. 129). — 9. Methylamine occurs in bone-oil 
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(Anderson, Jahresb. 1851, p. 476), and in small quantity among the product* of the 
distillation of crude acetate (pyrolignate) of calcium. (C\ G. Williams, ibid. 1853, 
p. 467.) 

Preparation. 1. By the actum of potash on Cyan urate of Methyl. — The cyan urate 
is heated with potash-ley in a flask surmounted with a worm-tube, to condense the 
aqueous vapours and separate the met hy la mi no, which then passes oil into a receiver 
containing a small quantity of pure water, which dissolves it. The decomposition of 
the methyl -cyanuric ether by jmtash-ley, which is very slow, may l>o accelerated by 
first melting the ether with solid potash mixed with a small quantity of water. ^ Ths 
aqueous solution of rnethyhiminc in the receiver is saturated with hydrochloric acid 
and evaporated to dryness. (W urtz.) 

2. By the actum of Kasctnt Hydnyen on Hydrocyanic acid. Men dius mixes the 
hydrocyanic acid with hydrochloric acid and alcohol, adds granulated xinc, and when 
y h* action is emle<l, distils off alsmt half the liquid, and again subjects the distillate, 
which contains a considerable quantity of unaltered prussic acid, to the action of the 
zinc. Ily repeating this treatment a certain number of times, a solution is ulti- 
mately obtained containing hydroclilornte of methyliimiiic mixed with chloride of zinc ; 
and this solution distilled with lime or {lotusli, yields free met 1») la mi lie, which may 
la* condensed in water and combined with hydrochloric* acid ns before. Debus (Chem. 
Koc. J. xvi. 249) effects the combination of the hydrogen with the prussic acid by 
means of platinum-black. A stream of hydrogen iH passed through a mixture of 16 grniH. 
cyanide of potassium, 15 grins, sulphuric acid, and 5 oz. water, contained in a retort, 
and then conducted successively through an empty vessel, a tula* containing fum'd 
chloride of calcium, a tube containing platinum-black and immersed in a paraffin bath 
boiitcsl to 110°, and, finally, through a Liebig's bulb-apimralus filled with dilute hydr*>- 
ehloric acid. As soon as the mixture of prussic acid and hydrogen comes in contact with 
the platinum-black, dense whito clouds of hydroclilornte of methylmninc bowmo per- 
ceptible, filling the apparatus from the platinum to the acid. Tin* prussic acid mixture* 
is gradually heated to the boiling point, and kept at that temperature, with a current of 
hydrogen continually passing through it, till the process is completed. The acid liquid 
iu the bulbs, when ovaporated on the water-bath, leaves a white residue almost wholly 
soluble in alcohol, and the alcoholic solution leaves on evaporation a colourless crystal- 
line maws of hydroclilornte of niethylamine. Tart of tile niethylamine produced in this 
reaction unites with file hydrocyanic acid, forming cyanide of n ct.liylnminonium, and 
this acts mi the platinum in such a manner as to form a double cyanide of platinum 
and metliylammonimn (p. 997), which surrounds the particles of the platinum-black, and 
after a while prevents further action. If its formation could be prevented, this method 
would doubtless afford the readiest means of preparing niethylamine. 

To prepare pure methylumine, the liydrnelilorato, perfectly dried, is mixed with twice 
its weight of quicklime, and the mixture introduced into a long tube closed at one end, 
in such quantity as to half fill it, the other half being filled with fragment* of 
j iota fwiuin - hydra t c. From this tube a gaH-delivery tube passes to the mercurial 
trough. On applying a gentle heat to the tula*, beginning at the closed end, the gas 
is disengaged, and may lx- collected over the mercury. 

Properties. -—Methylamine is a colourless gas, having a strong ammoniacnl odour. 
Like ammonia, it turns reddened litmus-paper blue; fumes strongly with hydrochloric 
acid; combines witli it* own volume of that gas, and half its volume of carbonic 
anhydride; is rapidly absorbed by water, and also by charcoal. It is distinguished 
from ammonia by taking fire when brought in contact with a lighted taper; it then 
burns with a livid yellowish flame, producing water, carl mute anhydride, and nitrogen, 
mixed, if tho combustion be incomplete, with cyanogen and hydrocyanic acid. Specific 
gravity 113 at 25°, and 108 at 43°. When cooled a few degrees below 0°, it 
condenses to a very mobile liquid, which does not solidify in a mixture of solid carbonic 

acid and ether. (Wurtz.) . 0 . . 

Methylamine is the most soluble in water of all known gases. Water »lt la absorbs 
959 times and at 12 5 0 , 1150 times its volume of the gas. The solution lias the |*owcr- 
ful odour ’of the gas, and is extremely caustic; it gives off tin gas when Isdlcd. It is 
decomposed by iodine, bromine , and chlorine. Iodine added to it, not. m excess forms 
hydriodate of niethylamine which dissolves, and d iniod om ct hy I n rn j ne, < (II I )N, 
which remains undissolved : 

3CH‘N ♦ I* ~ C(H*I*)N + 2(CTI (k N.UI). 

Bromine and chlorine appear to act in a similar manner. 

The action of aqueous methylamine on metallic salts is, for the most part, similar to 
that of ammonia. The salts of magnesium t manganese, iron , bismuth, chrtmiium , 
uranium and few are precipitated by methylamine in the same manner a* by ammonia. 
With cine- salt* methylamine forma a white precipitate, soluble in a large excess of 
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the reagent. With copper-salts, a bluish- white precipitate, easily soluble in excess 
end forming ft rirep blue solution. With cadmium-salts, a white precipitate, insoluble 
in excess. With nickel- and cobalt-salts , also, it forms precipitates insoluble in excess. 
These last three reactions differ from those produced by ammonia. Acetate of lead is 
scarcely clouded by methylamine, but the nitrate is completely precipitated. With 
mercurous salts, methylamine, like ammonia, forms a black precipitate ; with mercuric 
chloride , a white, flocculent precipitate, insoluble in excess. Nitrate of silver is com- 
pletely precipitated by methylamine ; and the oxide, whether precipitated by the alka- 
loid itself or by potash, dissolves readily in excess of the former. The solution, 
abandoned to spontaneous evaporation, deposits a black substance, which contains car- 
bon, hydrogen, nitrogen, and silver, and is probably the analogue of fulminating silver ; 
but does not explode either by heat or by percussion. Chloride of silver is also 
dissolved by aqueous methylamine. With trichloride of gold, methylamine forms a 
brownish-yellow precipitate, which dissolves readily in an excess of the precipitant* 
forming an orange-red solution. A concentrated solution of platinic chloride formB with 
methylamine a crystallino precipitate, consisting of ehloroplatinate of methylamine, 
in the form of orange-yellow scales. The formation of this precipitate is prevented, 
even by slight dilution. (Wurtz.) 

Decompositions. — 1. Methylamine passed through a red-hot porcelain tube, filled 
with figments of porcelain, is completely decomposed into free hydrogen, marsh-gas, 
ammonia, and hydrocyanic acid : 

2CIPN - NIP.CNH + CNH + CII' + 3H*. 

If the gaseous mixture, as it issues from the tube, be passed through water, and then 
collected in jars ove r mercury, the water acquires an alkaline reaction, and is found to 
contain hydrocyanate of ammonia, and the gas in the jars consists, in 100 measures, of 
13*77 vol. hydrocyanic acid, 71*08 hydrogen, and 14 37 marsh-gas. 

2. Two vol. methylamine exploded with 4^ vol. oxygen produce 2 vol. CO 2 and 1 vol. 
N. Now 2 vol. CO 3 contain 2 vol. or 2 at. O, and therefore 1 at.. C; and the remaining 
2^ vol. O must have been consumed in burning the hydrogen, which t.horefore amounts 
to 5 vol. Hence, since the volumes of elementary gases are as the numbers of atoms 
contained in them, it follows that 1 molecule (=2 vol.) of methylamine contains 
1 at. carbon, 5 at. hydrogen, and 1 at. nitrogen, that is to say its formula is CH*N. To 
obtain complete combustion, it is necessary to mix the gas with 3 times its volumo of 
dry oxygen, and to add to tho mixture, according to Regnault’s recommendation, a 
certain quantity of detonating gas, derived from the electrolysis of water, also porfoctly 
dry. (Wurtz, Ann. Ch. Phys. [3] xxx. 451.) 

3. Potassimn heated in the gas decomposes it completely, yielding free hydrogen and 
cyanide of potassium: CH 8 N + K = CNK + IP, 31*5 vol. methylaminn yielding 
81*5 vol. pure hydrogen, numbers which are nearly in the ratio of 2 : 5. The action, 
however, exhibits two stages. At first, while the heat is moderate, the volume of gas 
increases but little, and the residue probably contains C(IPK)N, a compound analogous 
to amide of potassium; and this, at a higher temperature, is resolved into hydrogen and 
cyanide of potassium, the latter decomposition being accompanied by the considerable 
increase in volume which is observed. (W ur tz.) 

4. With gaseous chloride of cyanogen , it forms hydrochlorate of methylamine, and 
cyanmothylamido(Cahour8 and Cloez, Compt. rend, xxxviii. 354) 

H 

2CH*N + CNC1 - CIPN.IIC1 + N CH*. 

CN 

Mrthyi.amijyr-sai/ts. — M ethylamine is #v strong base, neutralising acids completely, 
forming well-defined crystalline salts, and precipitating metallic oxides from their solu- 
tions (p. 995). Its salts, liko those of ethyfamino, may bo regarded as compounds of 
methylamine with acids, or of methyl ammonium with the radicles of the same acids, e . g. : 

Hydrochlnrnte of Mt'thylamiiu>. Chloride of Methylammonlura. 

CIPN.HC1 - CH*N.CL 

Nitrate of Mothvlaraine. Nitrate of McthrUmmonium. 

CIPN.HNO* = . CIPN.NO*. 

Methylamine-salts are soluble in water, and most of them also in alcohol ; the latter 
property affords a means of separating them from ammonium -salts, when tho two occur 
together. They are decomposed by heating with fixed alkalis, giving off gaseous me- 
thylamine. 

Srovt hydra te or Hy dr ohr ornate of Methylamine, CH*NBr, is obtained by 
the action of bromine on aqueous methylamine. It is Tory soluble in water and 
Vn end from tdcohoWc solution in \utse Annina having 

'm'y \S\queBcenfc. 
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Carbonate. (CH - N)*CO*. -This salt is prepared by distilling the fused hydro* 
chlorate with carbonate of calcium. The product of the distillation is a very thick 
liquid, having a quantity of solid matter in the middle : the liquid is a highly concen- 
trated solution of carbonate of methylamine ; the solid is methyl-carbamio acid. On 
gently heating the contents of the receiver, the mcthyl-carbamie acid partly dissolves and 
partly volatilises. The liquid portion, as it cools, deposits crystals of the carbonate, 
which is highly deliquescent and volatilises even at ordinary temperatures. It is diffi- 
cult, however, to obtain this salt free from methyl-carhAmic acid. 

Gaseous methybunino unites with its own volume of carbonic anhydride, forming 
methyl-carbamic acid (the so-called anhydrous carbonate of lnethyiumiuc), 
H* i 

CIPN.CO* - CO" -J? (See Caubamic Acid, i. 751,) 

CIP U * 

' Chlor hydrate or Hydrochlorate of Methyla mint. Chloride of Methyl- 
ammonium . CIFN.Ol. — Gaseous nwthylumine unites with its own volume of hydro- 
chloric acid gas, forming a white solid salt, which adheres like sal-ammoniac to the 
sides of the vessel. — The salt is prepared by saturating aqueous methylamine with 
hydrochloric acid, and evaporating to dryness. The residue dissolves easily in boiling 
alcohol, and crystallises on cooling in tine, large lamina*, which, at the moment of their 
formation, appear iridescent by reflected light. It is deliquescent ; does not fuse till 
heated above 100°. limited in an ojsn vessel to a very high temperature, it 
volatilises in very dense vapours, which condense to a white jxiwdor on tho surface of 
cold bodies (Wurtz). When a solution of this salt, either in water or in alcohol, is 
treated with amalgam of potassium, hydrogen is ©Yojked, and tho liquid becomes 
Alkaline. Wurtz did not succeed in obtaining by this reaction an amaljjpim of methyl- 
ammonium corresponding to the amTtumiacal amalgam (i. 186). Neither is such a 
compound produced by placing mercury in a cavity in a lump of bydrochlorate of me* 
thybiminc, and connecting it with the voltaic battery. 

Chlor o-a urate. CiPNCl.AuOl*. — On mixing a solution of hydroclilorate of mo* 
thylaminc with a solution of trichloride of gold, no precipitate is formed ; but on 
evaporating till the liquid becomes very concentrated and then leaving it to Cool, the 
double salt is obtained in splendid gohlcn-yellow noodles, soluble in water, alcohol, and 
other. 

Chlor o mere urate. 2CH e NCl.Hg"CF. — Formed by evaporating a mixture of 1 at. 
hydrochlorat© of methylamino and 1 at. corrosive sublimate. The solution, when 
highly concentrated, yiolds bulky crystals of tho double salt. 

Chloroplatinate, 2Cll"NCI.PtCl 4 . — Honutiful golden-yellow scales which are 
insoluble in alcohol, but dissolve in boiling water and crystallise on cooling. When 
heated, they blacken, emitting very conious fumes and leaving a residue of platinum 
mixm! with charcoal, which burns in the air. 

For tho compounds of mothyluminc with platinous chloride, see Pi.atinum-iusiw. 

Sulphate. — Very solublo in water, insoluble in alcohol, uncryntal Usable, When 
evaporated with cyanate of potassium, it yields methyl-carbamide, N*. IP. (T I - . CO". 

Cyan id- of M cthylammonium and Platinum , (CII*N)*I*tOy 4 . — Forinod in 
tho preparation of methybunino by pissing a mixture of hydrogen anti hydrocyanic 
acid vapour ovor heated platinum-bbick (p. 91)5). Fart of tho methylamino formed 
unites with the hydrocyanic acid, and tho cyanide of nicthylnmmouiuin thus formed 
acts on tho platinum in tho manner represented by the equation — 

2ClI , NUy + 2HCy + Ft - (ClPN)'FlCy* II*. 

On washing the platinum -black with water, concentrating the solution over the water- 
bath, and then leaving it over oil of vitriol, the double cyanide separates in long pris- 
matic crystals having a slight brown tint. They are easily soluble in water, and leave 
a grey residue of platinum when strongly heated in tho air. (Debus.) 

Iodhydrate or Hydriodate, CiPNI.— Produced, togetherwith diniodomethyl- 
amine by the action of iodine on aqueous methylamino. 

Nitrate CH*N.NO*. — Formed by saturating aqueous methyUmine with nitric 
•rid. The solution, when evaporated, yields beautiful, right rhomboidal prism*, very 
much elongated, and closely resembling the crystals of nitrate of ammonium. They 
are deliquescent, and dissolve very readily in water and alcohol. They are decomposed 
by distillation, yielding gaseous products, and drops of an oily liquid insoluble in water. 

DiwionoMWTHTi.AMiifB, C<HM 1 )N. This base, formed by ihe action of iodine on 
aqueous methylamine, is a garnet-coloured powdor which dissolve tn alcohol, but appears 
to be decomposed thereby. It is decomposed by heat, but does not explode like iodide 
of nitrogen. It is also decomposed by potash, with formation of iodide of potassium, ft 
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volatile product having a very pungent odour, and a slight insoluble floeculcnf 
(Wurfcz, Ann. Ch. Phys. [3] xxx. 455.) u *- 

Dimethyl amine, C 2 H 7 N - N.H(CH 8 ) 2 . This base, isomeric with ethylamine i, 
produced, as a hydriodate, together with other similar compounds, by heating iodide f 
methyl with ammonia (Hofmann, p. 994). It is also formed by heating the so-called 
sulphite of aldehyde-ammonia (i. 108) in a sealed tube, or by decomposing it with Im,' 
(Petersen, Ann. Ch. Pharm. cii. 317): 

&H a (NH 4 ).S0 3 = C*H 7 N -f SO 2 + 0. . 

Gossmann, who first noticed this decomposition (ibid. xci. 122), supposed that the re- 
sulting base was ethylamine ; but Peter s en has shown that by passingtho evolved gas 
into itxlide of ethyl, and heating the liquid in a sealed tube, iodide of dimethyl-diet hy I- 
ammonium is produced : 

NIf(CH* f + 2CUPI - HI + N(CH*) 2 ( C 2 H’) 2 I. # 

The quantity of dimethylamineproduccd in this reaction is, however, very small, and 
Hofmann (Proe. Hoy. Soe. xii. 3&0) finds that this base maybe obtained with much 
greater facility by treating the mixture of the iodides of ammonium, methylammonimn, 
Ac., produced by the action of ammonia on iodide of methyl, with oxalate of ethyl, in the 
manner already described for the separation of the corresponding ethyl-bases (ii. 555, 558). 

An alcoholic solution of ammonia gently heated with iodide of methyl in a flask pro- 
vided with a condenser, solidifies into a crystalline mixture of the iodides of ammonium 
and of methyl-, dimethyl-, trimethyl-, and tetramethyl-ammonium. The more soluble 
iodides separated from the sparingly soluble iodide of tetramcthylammonium arc 
evaporated and distilled with potash ; and the bases evolved, after being carefully dried 
by passing over hydrate of potassium, are made to pass through a powerfully refriger- 
ated worm-tube, in which dimethylumine and trimethylamine, together with a portion of 
the methylamine, condense, the ammonia and the rest of the mothylamine being carried 
off as gas and condensed in water. The mixture of the threo methyl-bases is then 
treated with oxalate of ethyl, whereupon the methylamine immediately solidifies into a 
crystalline mass of dimethyl ox amide, N 2 H 2 (C 2 0 2 )”(CH 3 ) 2 , and the dimethylamine is 

(CH 8 ) 2 ) N 

converted into dimethyloxamato of ethyl, (C 2 0 2 )'' l a liquid boiling between 

C 2 H a j U 

250° and 260°, while the trimethylamine remains unchanged and may be expelled by 
gently heating the mixture in a water-bath. The dimethyloxamato of ethyl is 
easily separated from the mixture by solution in cold water, and when distilled with 
hydrate of potassium, yields a mixture of alcohol and dimethylamine, oxalate of potassium 
remaining behind. The distillate evaporated with hydrochloric acid yields a crystallised 
residue of chloride of dimethylammonium, from which pure dimethylamine may be ob- 
tained by distillation with potash. (Hofmann.) 

E. Lucius (Ann. Ch. Pnarm. ciii. 105), by distilling guano with lime, obtained a 
small quantity of a base which he regarded as dimethylamine (from 28 lbs. guano, 0*5 
grm. of a platinum-salt, having the composition 2(C 2 H*NCl.PtCl 4 ) ). 

Dimethylamine is a highly alkaline liquid having a strong ammonincal odour, easily 
soluble in water, and boiling between 8° and 9°. Its ynid-salt , C 2 !PNCl.AuCl*, and 
platinum-salt, 2C*H h NCl.PtCl‘, both crystallise well, the latter in long splendid ncodlos, 
shooting through the liquid from one side of tho vessel to the other. (Ilofmann.) 

Trimethylamine, C’lPN = (CIP)*N. Discovered by Hof man n (Chem. Soc. Qu. 

J. iv. 304). Produced, together with other methyl- bases, in combination with hydriodie 
acid, by the action of ammonia on iodide of methyl, and separated by treatment with 
oxalic ether and subsequent distillation, J§s described under Dimbthylaminh. It 
occurs ready formed in many organic substances, especially as a product of decom- 
position. Hofmann (Chem. Soc. Qu. J. v. 288) found it in herring-pickle. Accord- 
ing to. Dessaignes, it occurs in human urine (Ann. Ch. Pharm. c. 218), and in the 
blood of the calf, twelve hours after it has been taken from the animal, but not in the 
perfectly fresh blood (J. Pharm. [3] xxxii. 43; Jahresb. 1857, p. 382); in the flowers of 
Crai&yu* cxyacantha (Wicke, ibid . 1864, 478 ; 1862, p. 330). also of Crataegus mono- 
ffyna, Pt/rtts Aucuparta , and Pt/rus com munis (W i 1 1 s t ei n, tfrid.) : in the stinking goose- 
foot, Chenopodium tmlvaria (Dessaignes, ibid. 1851, p. 479 ; Wittstein, Wicke); 
in craw-fish (Wittstein), and in ergot of rye (Watz, Jahresb. 1852, p. 552; 
Winckler, ibid. 553; Rithausen, R6p. chim. pur. 1863, p. 420). It has been found 
also in very small quantity in guano (Hesse, ibid. 1857, p. 402), in putrefying yeast, 

(A. Muller, ibid.\ and iu putrefying wheat-dough (Sullivan, ibid. 1868, p. 231). 

It is also produced by heating narcotine with potassium-hydrate to 260° — 300° (Wer- 
theim), or with water to 250° — 260° (Reynoso), see Narcotixb; probably also in 
the iecom posit ion of codeine by potash-lime, (Anderson, Jahresb. I860, p. 430.) 
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The trimethylamine obtained from several of these sources was formerly mistaken 
for tritylaminc, with which it is isomeric. 

Trimethylamine is sn oily alkaline liquid haring a strong odour of stale fish. It 
boils at 9° (Hofmann), which is but little above the boiling point of dimethylamin*. 
When a rapid succession of electric sparks from an induction-coil is pasted through the 
vapour, it is slowly decomposed, yielding a tarry deposit; but even a long continuance 
of the action does not suffice to set the whole of the nitrogen free. (Hofmann 
and Buff, Ann. Oh. Pharm. cxiii. 129.) 

It unites with acids, forming crystal finable salts. The sulnhaU mixed with suJpJktte 
of aluminium forms large crystals of t r i m c t h v 1 a mi n e - a 1 u m, probably having the 
CHIW’N i 

composition J (SCHyU'iTI'O, analogous to that of ammonia-alum; they melt at 

M>0°, and give off their water of crystallisation with intumescence at 120°. (Rocken- 
s eh uss, Ann. Ch. Pharm. lxxxiii. 313.) 

Trimethylamine unites directly with iodide of methyl, forming iodide of totramothyl- 
ammonium, (CH*) 4 NI, and with dihromide of ethylene, yielding tho compound 
C 5 H ,, NBr s *(CH s )*(C , II < Br)NPr. (Hofmann, see p. 1000.) 

TetrameUiylammonium, C'H 1 N =« (CH") 4 N. (Hofmann, Phil. Trans. 1850, 
p. 93; Chem. Soe. Qu. J. iv. 321.) The iodide of this base is produced: 1. By the 
action of iodide of methyl on trimethylamine, the two liquids immediately uniting into 
a crystalline mass : (Oil* ) a N + CH*I = (CH*) 4 NI.-~ 2. By the action of ammonia on 
iodide of methyl. Of the five iodides, JPNl, (H*Mo)Nl, (IPMe^Nl, (IlMe^NI, and 
Me*NI, produced by this reaction, the first and last are the most abundant ; and when an 
alcoholic solution of ammonia is used, and the iodide of methyl is in excess, the action 
is completed in a few hours, the hot solution, as if cools, depositing crystals of iodide of 
tetramethylaimnonium, which may be purified by washing with cold water and re crys- 
tallisation from hot water. 

Hydrate of 77 tra rn e thy l a ni m o n / u m, ^ ^ ^Jl| is obtained by digesting 

oxide of silver in tho aqueous solution of the iodide. On filtering to separate iodide of 
silver, a strongly alkaline solution is obtained, whieh, when evaporated in vacuo over 
sulphuric acid, yields a white crystalline mass, resembling hydrate of {xifassium, and 
absorbing water and carbonic acid with avidity. When heated, it intumesces strongly, 
and is completely volatilised, yielding a strongly alkaline distillate. According to tho 
decomposition-products obtained with oth- r bodies of similar decomposition hydrnlo 
of tetrethylammonium, for example (ii. 6*31 ), it might be expected to yield Iriinethyl- 
amine and methylene, CH 1 ; but it appears to be decomposed in a ditferent manner, 
aa not a trace of permanent gas iH given off. 

Neutralised with acids, it yields cryslallisable salts. The sulphate, oxalate, n, irate, 
and hydrochlorate have been prepared. The nitrate crystallises in long shining 
needles ; tho chioroplafiuatr, 2( C'iPpNCl. I*t.( ’1\ m wi ll <hliu (! «| oct ahedrons of a deep 
orango-yollow colour, partially decomposed by boiling with water, like the plutinum- 
salte of many other ammonium-buses. (Hofmann.) 

Iodides of Tc tra me thylam jnoviu rn . — Tetrnmer hylanimonium unites with 
Iodine in several projjort ions. a. The montt-iodidr, (CTI*) 4 NI, prepared as above, crys- 
tallises in hard flat needles of dazzling whiteness ; sparingly soluble in eojd, more 
soluble in boiling water. The solution is neutral and very bitter. Thu crystals are 
nearly in soluble in alcohol, quite insoluble in ether, sparingly soluble in an alkaline 
liquid. (Hofmann.) 

0. An alcoholic solution of iodine added to a hot solution of the mono-jodide of 
tetram ethyl ammonium, forms an abundant crop of shining crystals, consisting of tho 
penta-iodide, (CH , ) 4 NI*. This compound is decomposed by boiling with water, yielding 
the mono-iodide und probably iodides containing larger proportions of iodine, -y. On 
adding iodine to a boiling solution of the p<*nt a- iodide in dilute alcohol, a melted mass 
i« formed at the bottom of the liquid, which on cooling solidifies to a crystalline mass 
consisting of the deca-ualide , (CTI*)'NI 10 — 8. A solution of the mono-iodide mixed with 
an alcoholic solution of iodine containing as much iodine as is required to form the fri- 
iodide, yields at first crystals of the penta-iodide, afterwards a mixture of the tri- and 
penta-iodidcs, which may be separated mechanically and purified by recrystallisation. 
The tri-iodide, (CH*) 4 NI*, forms rhombic crystals having a deep violet colour and strong 
lustre ; it i8 more soluble in alcohol than the penta-iodide. (W elt z i e n, Ann. Ch. Fharm. 
xci. 41 ; xeix. 1). 

I odomer curates. — a. The salt, (CH B ) < NI.Hg'T* t is obtained in small light yollow 
prisms moderately soluble in alcohol : l. by adding mercuric iodide to an excess of iodide 
of tetramethylammonium in hot alcoholic solution ; 2. by the action of metallic mercury 
on the tri-iodide of tetramethylammonium, or on the following salt. 

Vol. 111. 3 S 
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0t 2(0K , ) 4 NI.3Hg'T a *— -This compound is obtained in fine lemon-yellow waxy scales 
by adding a hot alcoholic solution of iodide of tctramethyiammonium to an excess of 
mercuric iodide, or by the action of metallic mercury on penta-iodide of tetramethyl- 
ammonium. (H. Risse, Ann. Ch. Pharm. cviL 223.) 

Chloriodides . — A tetrachloriodide, (CH a ) 4 NICl\ analogous to Filhol’s chloriodide 
of ammonium, NH 4 IC1 4 , is obtained by heating the tri- or penta-iodide with oxide of 
silver ; iodide of silver is then immediately formed (together with iodate), and a colour- 
less strongly alka-lipp solution is formed, containing hydrate and iodate of tetramethyl- 
ammonium : 

3(CH*) 4 NI* + 4Ag*0 + IPO =- (CH») 4 NIO* + 2((CH») 4 N.H.O) + 8AgI ; 
and on gently heating the filtered liquid with hydrochloric acid (best after neutralising 
it with iodic aeid), chlorine is evolved, and tetrachloriodide of tetramethylammonium 
is deposited, as a very loosely coherent, lemon -yellow substance, smelling strongly of* 
iodine : 

(CH*) 4 NIO* + 6HC1 = (CH*) 4 NIC1 4 + 3H 2 0 + Cl*. 

Iodate. Chloriodide. 

The trichloriodide , (CIPyiSTCP, is obtained as a lemon-yellow substanee : 1. By 
mixing chloride of tetramethylammonium with chloride of iodine. 2. By passing 
chlorine into a solution of the mono-iodide ; a precipitat* of the penta-iodide is then 
formed, and afterwards a colourless solution which yields the tri-iodide by evapora- 
tion. 

The diohloriodide , (CIP) 4 NIC1 2 , is deposited from an aqueous solution of the tri- 
chloriodide in shining yellow inodorous crystals belonging to the dimetric system, 
(Weltzien, loc. tit.) 


Methyl-bases containing Ethyl and Amyl. 

a. Metbyl-trt ethyl-ammonium. (CH*)(C 2 IP) S N. — The mono-iodide of this 
biise, obtained by the action of methylic iodide on triethylaminc, resembles the iodide of 
tetrethylammonium (ii. 562); it is very soluble in water, forming a neutral very bitter 
solution which is decomposed by potash, the iodide being precipitated without altera- 
tion. 

Tho iodide decomposed by moist oxide of silver, yields the hydrate which dries up 
to a crystalline mass rosembling hydrate of tetrethylammonium, and forming crystalline 
Balts with sulphuric, hydrochloric, nitric, and oxalic acids. The chlorojdtUinate is a 
beautiful crystalline precipitate containing 2MeE 3 MCl.Pt(Ji 4 . (Hofmann, Choin. Soc. 
Qu. J. iv. 313.) 

The tri-iodide, MeE*NI 3 , obtained in the manner described below for tin? correspon- 
ding compound of triroothyl-ethyl-aminoniuni, crystallises in bluish-violet quadratic 
laminae, dark roddish-ydlow by transmitted light, melting at 62°. (it. H iiller, Ann. 
Oh. Pharm. cviii. 1.) 

Q. Uimetbyl-diethyl-ammonium. (CI1 3 ) 2 (C 2 H 5 ) 2 N, — The iodide obtained by 
passing tho vapour of diothylamino into iodide of ethyl, and heating tlio resulting 
liquid to 1.00° in a sealed tubo, forms white tabular crystals easily soluble in water and 
in alcohol. Tho chioroplatinate , 2Mo 3 E 2 NCl.PtCl\ forms yellowish prisms or tablets 
moderately soluble in water, sparingly in alcohol and ether. (Peterson, Ann. Ch. 
Pharm. xci. 122.) 

y. Trlmetlayl-etliy 1-ammonium. (CH s ) s (0 2 IT')N. — The mono-iodide of this 
base is obtained by the direct union of triglethylamine with iodide of ethyl. 

On adding 2 a*, iodine to a warm alcqholic solution of 1 at. of this mono-iodide, 
and leaving the solution to cool, the tri-iodide, Me*ENI 3 , in very brittle, rhom- 
vbic prisms, which are instantly resolved by water into tho mono-iodide and the green 
penta-iodide : in alcoholic solution, on the other hand, these two compounds reunite 
and form the tri-iodide. The crystals of the latter are dark brown, or in thin 
splinters, brownish-yellow, and somewhat dichromatic ; their surface- colour is 
bluish- violet ; they melt at 64° without decomposition. (It. M ii 1 1 e r, Ann. Ch. Pharm. 
cviii. 1.) 

The penta-iodide, Me*ENI s , obtained by treating the mono- or tri-iodide in alcoholic 
solution with excess of iodine, or as above mentioned, by decomposing the tri-iodide 
with water, crystallises in quadratic laminae exhibiting the combination oP . ocPoo . P 
(the latter faces very subordinate). Angle oP : P = 141° O'. The crystals are opaque 
with metallic lustre, yellowish in very thin layers when polished, yellowish-brown in 
thicker layers ; surface colour, metallic green, becoming dark blue on exposure to the 
air ; they melt at 68°. (R. M iiller, loc. tit.) 
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*• Trimethyl-brometbyl-amnonlum. Oir’BrN .» (CH')«<C*H'BON.»— Th« 

bromido of this base, C*H'*NBr 3 » [(CII*)*(0*IWJr)NlRr. is produced by the nation 
of AQueouR or alcoholic trinicthylnmioc ou bromide of ethylene, licet in sealed tubes at 
4t>°—-6tt°: C*11*N + C'H'Br 1 - C H'*NIlr>. It is very soluble in boiling alcohol, 
whence it crystallises in white needles, less soluble in cold alcohol, insoluble in other. 
Nitrate of silver added to the solution of this salt, throws down only half the bromine ; 
and the filtrate freed from excess of silver by hydrochloric acid, yields with platinic 
chloride, sparingly soluble octahedral crystals of the chforoj>latinat<\ 20H ,1 HrNCl.PtCl\ 
The corresponding gold-salt % CHl'HirNCl. AuCl*, crystallises in golden-yellow noedloti. 
(Hofmann, Compt. rond. xlvii. 668.) 

«. TrimetHyl^rtnyl^unmonJum. C 4 11 ,J N « (ClI a ) , (C' , iI , )N. - The bromide. 
OIP’NHr", treated with oxide of silver gives up tho whole of its bromine and yields a 
strongly alkaline liquid containing hydrate of trimothyl-vinyl-uimnoiiium, CHI'* NO «« 
C 4 II'*N ) ■ 

jl > O, which, when neutralised with hydrochloric acid ami strongly concentrated, 

yields with platinic chloride octahedral crystals of the platinum -salt, 2CM1 l5 NCl.PtCl 4 , 
and with auric chloride tho yo/d-sa/t, ('"U* ’’NOl.Auf'l*. 

The bromide of this base is also formed, together with the preceding, by the action 
of trimethylaminc on bromide of ethylene, part of tho latter splitting up into hydro- 
bromic acid and bromide of vinyl: CHPlk* « H lir * t’-TPllr. (Hofmann, loc. 
dt.) 

C Trlmcthyl-amyl-ammoniura. (CTl 3 ) ! \(. ,ft il")N. The only known salt of this 
base is tho tri-iodide, whieh isobtaine.l by heating a mixture of tiMnethylumino and 
amylic iodide for some time to 100°, and treating the produet with tincture of iodine. 
It crystallises in dark brown flattened rhombic prisms, exhibiting the combination ’ 
ooP . oc f ' -xj (often predominant'), si'e. . Px* . JV/ . Angle cr P : P or, 1(14° 2H* ; 
Poo : P^ at the principal axis =» 112 ' T. The crystals exhibit triehroisin ; if t h i *y 
arc placed upright and viewed so that the light may be transmitted at right angle* to 
wP» , the ordinary rav is dark brown or nearly black, the ext ra ordinary ray light 
red -brown, the third tint being between the two. They melt at H0°, dissolve easily in 
alcohol, but are nearly insoluble in water. { lv\ M Tiller, As*, n't.) 

Titis salt and the peroxide* of the other bases above mentioned form with mercury, 
compounds analogous to those already described as produced by the action of mercury 
on the periodides of tetramethyhimmoniiim. (M liller.) 

r? Mcthyl-ethyl-amylamlne. C H II ,V N ». ((TP)(t ■ < H*)(rMI ,, )N. — This Imiho ii 
obtained by the dry distillation of hydrate of im thylodietliyl-arnybammonium, water 
and ethylene gas being given oil’ at the same time: 


(CH , )(C 2 JI s ) i (C a H , *)N.ir.O » (CH»X<’HI'‘XC ; 'H")N t 3- IPO 4- C*IP. 

It is a transparent oil, having a fragrant taste and smell, sparingly soluble in wafer. 
After drying over potash and rectification, it boils court an I ly at Ido It dissolves 
slowly in acids, Tho ]>lntinvm.ya!t, 2< h lf '°N< '1, 1 ’t < i which is very soluble in water, 
is precipitated on mixing its component sabs in strong solution, or on rvujximt i ng l.liu 
mixture, in orange-yellow oily globules which gradually solidity in splendid noodles. 
(Hofmann, Chem. So<\ Qn. J. iv. 317 ) 

0. Methyl-diethyl-amyl-auiinontum. r"'JP«N T (( 'IPX CHI 4 rYC'H")N. — 
Obtained as an iodi<le by gradually adding met hylic iodide to diet liy laiuyluniine con- 
tained in a tubulated retort provided with a condenser, the mixture solidifying on cooling 
into a hard white crystalline mass. This salt is very soluble in water, forming a very 
bitter solution, from which it is precipitated by potash in oily globules which solidify 
but slowlv. — Ily digestion with oxide of silver, it is converted into the hydrate, 
C‘»H«N.lf.O, in tin- form of a strongly alkaline solution whieh when evaporated to 
dryness and distilled is resolved into water, ethylene-gas, and melhyl-ejhyl-amylarnine. 
The sulphate, nitrate, chloride, and ehloroplatinute arc crystalline. (Hofmann, 
Chem. Soc. Qu. J. iv. 316.) 


MtEXBYL-AMTL ANX1ZV8. See pHKNYi.AMf XB*. 

K8THTL-AKTIXC 8TBSK. Oxide of Methyl and Amyl , CIP.OHP'.O. Pee 
Amyl (i. 206). 

MBTHTL-AV1LINE. See Phbxtlamines. 

MSTHTL-AKSXirZlB. Bee AjtSENic-KAttJCLRS, Obgamc (i. 400). 
MSTSTIATS OF AVTL. Syn. with Methyj.-amtlic Etube. 

MITHIXpATB OF FrBTl. See Ethylate of Mbthtl, tinder Ethtl, Oxidb 
or (ii 642). 


• Respecting the coottitutloo of thin and •imtLir Laic*. *cc (t. 19fi). 

3 8 2 
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METBY1ATE OP ETBTXaEXrB. C 4 H“0 2 = (C^)« | 0? *— Wurtz (Ann. 

Ch. Pharm. cviii. 84), by distilling a mixture of methylic and ethylic alcohol with sul- 
phuric acid and peroxide of manganese, obtained this compound mixed with methyl- 
(C 2 H 4 )"| 

ethylate of ethylene, CH 8 | O 2 . A compound having the same composition (C 4 H ,0 0*) 

has recently been obtained by Dancer (Chom. Soc. J. xvii. 222) from crude wood- 
spirit, and called by him dimethyl - acetal; but it is by no ifteans certain that either 
this or Wurtz’s compound is really a derivative of acetal (see Acetax, i. 4). Dancer 
prepared his compound as follows: — Crude wood-spirit, well dried over lime, was dis- 
tilled upwards for sometime with a concentrated solution of caustic soda to decompose 
the methylic acetate present ; the distillate was repeatedly treated with chloride of 
calcium, as long as that compound continued to take up methylic alcohol from it, then 
with a concentrated solution of acid sulphite of sodium, to remove the acetone, and 
afterwards distilled upwards, with caustic potash, to insure the complete decomposition 
of the remaining methylic acetate, the methylic alcohol formed by the decomposition 
of this ether being removed by chloride of calcium, and the remaining liquid finally 
purified by a few distillations on sodium. The product thus obtained had very nearly 
the composition of dimethylate of ethylene (53-3 percent, carbon and 11*1 hydrogen), 
boiled at 63 J — 64°; had a specific gravity of 0*8787 at 6° C. (compared with water at 
4°C.)a»d vapour-density, by experiment 3*1 Oft, calc. 3*114. 

The liquid called liynone by Woidmann and Schweizor, and xylite by Voided, was 
probably a mixture of this compound with some of the other constituents of crude 
wood-spirit. 

METHYLATE OX* POTASSIUM, CIPKO, and METHYLATE OX* 
SODIUM, CIFNaO. — Compounds similar in properties and reactions to the ethylates 
of the same metals (ii. 512, 543) ; they are obtained by the action of potassium and 
sodium on methylic alcohol. 

METHYL-BENZOLIC or EEBIZYIiENIC ETHER, See JJknzyeenio 
Etiieiis (i. 577). 

MBTHYL-BROMOSALICYLIC ACID. See Saucyi.iC Ethf.us. 

METHYL-BRUCINE. C 24 T1*"N 2 0 4 = C‘ :t H -\CIP)N 2 0‘. (St a h 1 s c h m i d t, 
Pogg. Ann. cviii. 503 ; Jahresb. 1850, p. 308.) — Obtained as a hydriodate, by treating 
brucine with iodide of methyl. The hydriodate crystallises from boiling water in 
shining laminae containing C“MI* N N‘0 4 . Hi. 8 IPO, and not further altered by treatment 
with iodide of methyl. 15y decomposing this salt with oxide of silver (or the* sulphate 
with baryta-water) a solution of rnethyl-l>rneino is obtained, which is colourless at 
first, but soon decomposes, turning violet, and dark red when evaporated, giving olf 
carbonic anhydride, and leaving a solution containing a base different from mcthyl- 
brueine. The hydrobroma te, C**H * K N 2 0 ‘.I IBr.^lPO, is obtained by mixing the solution 
of the hydrochlorate with bromide of potassium, as a crystalline precipitate, easily 
soluble in water and alcohol, and crystallising from the latter in small shining prisms, 
which give off their water at 130°. The hydrochlorat<\ C 24 H 2s N 2 0 4 .IfC1.5II 2 O l obtained 
by neutralising the base with the acid, forms small shining crystals easily soluble in 
wator and in alcohol. The platinum -salt, 2(C 24 II 28 N 2 0 4 .HCl j ).I J tCl 4 , is a yellow pre- 
cipitate insoluble in ether, easily soluble in alcohol and in water, and crystallising in 
needles from the latter. The gold-salt, C 24 IP 8 N 8 0\IlCl.AuCP, is an orange-yellow 
precipitate, sparingly soluble in cold water. Mevcnric chloride added to the solution of 
the hydruehlorate, forms a white curtly precipitate. The neutral sulphate , (C 24 H 28 N 2 0 4 ) 2 
1I 2 S0 4 .8II 2 0, obtained by decomposing the hydriodate with sulphate of silver, forms 
a radio-crystalline mass, easily soluble in water and in alcohol. An acid sulphate , 
C’<hH 2ib N * 0 4 . IPSO *.2 H *0, obtained by treating the neutral salt with dilute sulphuric 
acid, forms indistinct crystals somewhat less soluble in water and alcohol. 

Methyl-brucine does not appear to be poisonous ; 10 grains of the sulphate given to 
a rabbit did not produco any poisonous effects. 

METHYL-BUTYRAL. C*H T O.CH s . — A compound produced, together with 
butyral CFIFO.H (i. 689), ethyl-butyral C 4 H 7 O.C*M*, and butyrone (i. 697), by the dry 
distillation of butyrate of calcium. It boils at about 111°, has a specific gravity «* 
0*827 at 0°, uud vapour-density «=■• 3*13. — Ethyl-butyral boils at about 128°, has a 
specific gravity = 0 833 at 0°, and vapour-density = 3 o8. (Friedel, Ann. Ch. 
Fharm. cviii. 122; Jahresb. 1858, p. 296.) 

METHYL-CAMPHORIC ACID. See Camphoric Acre (i. 732). 

MBTBYL^AMPBESVE, C B H , *(CII s )0. — A product obtained by the action of 
•odium and iodide of methyl on caraphrene (i. 733). A mixture of equal parts of 
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exmphrene and benzene is treated with sodium in an atmosphere of hydrogen, tilj the 
sodium remains unaltered even on heating, and the solution is then eohobated with 
excess of naethylic iodide. On adding wafer to the resulting liquid, a brown oil la 
thrown down, which, after repeated notification, yields methyl- cam phreno as a Colourless 
aromatic liquid boiling between 226° and 23(K (H. Schwa nert, Ann. Ch. Pharin. 

cxxiii. 298.) 

Ciimphreno is an oily body produced by heating common camphor with sulphuric 
acid. Chautard, who discovered it, assigned to it the formula t’\fl'*0; but according 
to Sehwanert, it has the companion C*Jl u O, isomeric with phorone (y. t\). 

METHTt-CAPRINOI. * rH s ° [ according to llurbordt (Altn.Ch. 

Phurni. exxiii. 293), is the rational constitution of the essential constituent of oil of 
rue, regarded by C. (J. Williams as euodic aldeltyde, L’"I1 ''O.JI. (Soo ltuE, Oil. OF.) 
METHY1-CAPROYL. So J\1 HTH YI.-H KXYl.. 

METHYL-CARBAMXC ACID. See Cauiumic AilO (i. 761); also MmthYL- 

A m i n it (iii. 99). 

METHYL-CARBAMIDES. See C vnn.vMim, (i. 751). 

According to later experiments by Wurtz (lh r ‘p. (.'him. pure, IS 02, p. 199), dimo- 
C011»)*) 

t by l-carbumidc, (CO)"} N a , prepared by the action of tiiel hylumine on cyanate of 

H') 

methyl, units at 1<>2‘6° and boils betwomi 20S'' 1 and 27o°; tlie (idenl leal) compound 
obtained by t routing cyanate of methyl with wat< r. melts at 99 6 ', and boils between 
27 3° and 283°. 

OHM’MIM 

M et hyl - et hy 1-carbami de, (CO)" j N*, molts at 62 J or 63°, and boils be- 
tween 2f»(>° and 208°. 

METHYL-CARBONATES. See Cawhomo Iyhikun (i. HOl). 
METHYt-CHLORACETOI. (’"H't T\ •— A compound isomeric with chloride 
of tritylene, produced by the action of pnilnehloridr of phosphorus on acetone (i. 27). 
METHYL-CITRIC ACIDS. N.«- Crrnir Kim.ns(i. 1001). 

MEIHTL-CHLOROSALXCYLXC ACID. See Sa i icyi.ic lvniRHN. 
METBYL-CONXNE. See Comm. (ii. (i). 


METHYL-CYAN AM IDE. (' Il'V 

hvdroelilorate. of mei hylamiue, by the a« , ti«n 
amino (Cloez and Cannizzaro, Ann. ( Ii 


*] 


+ CNt'l 


( II .( ’ll 1 ( y )N. Produced, together with 
of gaseous chloride of cyanogen on rnethyl- 
i harm. Ixxvhi. 228) 


(IP) 

Hi 


NH 


VS ) 

ri! * 1 iv 

H 


METHYL-CYANANILINE. S. e Put.svi .amines. 

METHYL-DX8VLPHOPUOSPHORXC ACID. See Ptiosimutio Krill', its. 

METHYL-DXTH XOBTIC ACID. CH'SO' (J. T. II obso ii, Chem. Soe. Qu. 
J. x. 243.)— An acid produce! hv the net ion of sulphurous anhydride on zinc- 
methyl. The dry gas passed into an ethereal solution of /.in*- methyl, kept coo) fy 
moderate the action, is rapidly and completely absorbed, and in a little while, a 
white crystalline substance is formed, winch is the zoic-salt ol rncl liyhlithionic nckl, 
01 I s ZiiS* 0'. This salt may he freed from ether and the last traces qf sulphurous acid 
hy evaporation in v tic no. ft may he converted into a h.irium salt hy treating it, with 
excess of caustic baryta, and from this the acid may he prepared l jy precipitating tho 
barvta with dilute sulphuric acid. 

jVIcthyldithionic acid is a liquid having a feebly m-id taste an<l reddetnng blue litmus. 
It decomj)OMM# in a short time, with deposition of sulphur, even in a very dilute 
(solution. 

The Me t hy Id if ha mats* cannot be eoim niently prepared by digesting the free acid 
with oxide* or carbonates, on account of the facility with which the acid decomposes ; 
but they may la* obtained by decomposing the zme-sah with the corresponding 1 rases, 
or the barium salt with the sulnhates. Their general formula is CH'MNO* for 
those containing monatomic metals, and C 2 H"M "&<)* for th-ise containing diatomic 
metals. ^ , 

The methyldithionates are all very sohibb in water, but insoluble in alcohol and ether. 

The barium-salt, C*H‘Ba8 J 0\ in prepared by treating the solution of tho zinc- 
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salt with excess of caustic baryta, filtering to separate oxide of zinc, precipitating 
the excess of baryta by a stream of carbonic acid, and evaporating the filtrate at 
the heat of the water-bath. It is a colourless, inodorous, crystalline salt, which is 
precipitated from its strong aqueous solution by alcohol in the form of a white granular 
powder. A concentrated aqueous solution left to evaporate in vacuo, deposits the salt 
in cubes arranged in octahedral masses. It sustains a heat of 170° without decompo- 
sition. 

The calcium-salty C 2 H 8 Ca"S-0\ prepared in a similar manner, remains as a solid 
uncrystallisable mass when its concentrated solution is left to evaporate in a vacuum. 
The copper-salt is obtained as a grass-green solution, which is decomposed by evapora- 
tion, with deposition of sulphur. The magnesium- salt, C 2 H 6 Mg"S‘ J 0 4 .H 2 0, obtained by 
decomposing the barium-salt with sulphate of magnesium or the zinc salt with magnesia, 
forms minute colourless crystals. The nicktl-salt is obtained by double decomposition 
as a grass-green solution which dries up in a vacuum, with partial decomposition, to a 
dirty buff-coloured amorphous mass. The silver-salt is obtained bj r dissolving carbo- 
nate of silver in the free acid, but the solution decomposes and blackens when exposed 
to light or heated to 100°. The sine salt, C 2 H fi Zn"S-'0 \ prepared as above described, 
separates by evaporation from a very concentrated aqueous solution in small crystals 
soluble at 100°, but blackening and decomposing with an offensive odour at a some- 
what higher temperature. 

Methytdithionute of Ethyl , — A mixture of the barium-salt with ethyl-sulphate of 
potassium distilled at a high temperature, yields an oily liquid together with largo 
quantities of sulphurous anhydride. The product washed with water, dried over 
chloride of calcium, and redistilled in a vacuum, forms a light straw-coloured liquid 
slightly heavier than water and having a peculiar fishy odour. It decomposes at the 
high temperature required to prepare it. 

Ethylt rithionic acid, C 4 H‘-S : ‘(V‘, is prepared in a similar manner to methyl- 
dithionic acid, the zinc-salt being obtained by the action of sulphurous anhydride 
on zinc-ethyl. Its salts, which have the general formula C 4 fl-°M 2 8'O a , or for 
diatomic metals 0‘H 1n M"S ? ()' i , are for the most part more stable and more easily crys- 
tallisable than the mothyl-dithionati s. The Larin n,-salt. dried over oil of vitriol contains 
C 4 H ,< \Ba"S s 0 fl .H 2 0, gives off its water at 1(K>°, and bears a heat of 1 70° without decom- 
position. The capper-salt , C‘Il'°CuS s O' i (at UKP), crystallises from aqueous or alcoholic 
solution in greenish-blue deliquescent needles. The silver -salt dried over oil uf vitriol 
in vacuo, contains C‘H l0 Ag 2 S O a . It is white, crystalline, very soluble in Mater, and 
highly deliquescent. It is not decomposed by light or by healing to 100°, but com- 
pletely at a somewhat higher temperature. The sndium-salt , C l I I i0 Na-S :4 O''.n-O, ob- 
tained by dissolving carbonate of sodium in the aqueous acid, separates from the 
alcoholic solution by evaporation in a vacuum in small ill-defined crystals. 

Zinc-salts . — The salt obtained bv the action of sulphurous anhydride on zinc-ethyl, 
is a basic salt, containing Zi)"0.2C , H ,, ‘Zn"S 3 0 B .3lI 2 0, the excess of zinc-oxide arising 
from the action of water on the undeeotnposcd zinc- ethyl. 11)' crystallising this salt 
first from alcohol, then from water, the normal zinc-salt C 4 H lo Zn"S , O c JI 2 O l is obtained 
in minute, colourless, needle-shaped crystals having a peculiar odour, and somewhat 
hitter taste. It retains its water of crystallisation at 100 J , dissolves sparingly in water 
either hot or cold, also in ether; is nearly insoluble in cold, but moderately soluble in 
boiling alcohol. 

Ethyl-trithionatc of ethyl, C*IT ,0 (C*I I 5 ) 2 S*0\ prepared by distilling the crystallised 
barium-salt with ethyl-sulphate of potassiqjm in an oil-bath, is a yellow oily liquid 
heavier than water, having an offensive odour, insoluble in water, but miscible in all 
proportions with alcohol, (llobson, Chem. &oc. Qn. J. x. 55.) 

AC8THY&BJTB. Oil 2 . — This compound, the first of the series of hydrocarbons, 
OH* 1 *, ethylene being the second, is not known with certainty in the free state. 
Dumas and Peligot in 1835 (Ann. Ch. Phys. lviii. 28), by passingftfehloride of methyl 
through a porcelain tube kept at a cherry-red heat, obtained a gas which they re- 
garded as methylene. Alter being agitated with water till quite free from hydro- 
chloric acid gas aud undecomposed chloride of methyl, and no longer yielded hydro- 
chloric acid when burnt, it appeared as a colourless gas, having no reaction upon 
vegetable colours. It burnt with a yellow flame, and 2 vol. of it exploded with excess 
of oxygen, consumed 3 vol. oxygen, and produced 2 vol. carbonic anhydride. Now 
supposing two volumes of the gas to contain CH 2 , that is to say 2 vol. hydrogen, this 
quantity of hydrogen would consume 1 vol. O, and the remaining 2 vol. O would form 
2 vol. CO* with the 1 at. C in the 2 vol. of the gas. The gas could not however have 
been quite pure, as charcoal was deposited in the tube dming its formation. Perrot 
obtained no evidence of the formation of methylene in the decomposition of methylic 
chloride by heat. (See p. 987.) 
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Regnault doubts the existence of methylene, inasmuch as it is not obtained by 
treating methyl-ether, or wood-spirit, with excess of sulphuric arid. Again, Hofmann 
finds that it is not produced by the decomposition of hydrate of tettamethylammoninm 
by heat, though the hydrate of tetrothylumniouiuui, when treated in like manner, yields 
abundance of ethylene. 

Methylene is a diatomic radicle formiug •‘thers analogous to those of ethylene. The 
acetate, bromide, chloride, iodide, oxide, sulphide, and sulpho-carbonute, have been ob- 
tained, but the series is at present much less complete than that of the ethy Ionic ethers. 

MSTBTLBXSi ACETATE OX\ C * 11 * 0 * « (C'HH))*} °** (Ballsrow, 

Ann. Ch. Fharm. cxi. 212.) — This compound is produced by the action of iodide of 
methylene on acetate of silver : 

Clin* + 2 Cni*AgO* - 2 AgI + C1I*(C ,, H*0) < 0 4 . 

An intimate mixture of the two substances in equivalent quantities, with the addi- 
tion of crystallisahle acetic acid, is heuted to 100° for some hours; tho resulting mass 
is distilled in an oil-bath; the distillate is rectified, the j»ort.ioi» which distils ubOvo 160 ° 
being collected apart; this jn>rtioii is sat united with lime ; and tho acetate of calcium 
is dissolved out by water. Acetate of methylene then separates as au oil, which i» 
dried by chloride of calcium, anil freed from the last, traces of iodide of methylene and 
acetic acid, by distillation over dry acetate of silver and a small quantity of quick- 
lime. 

Jt is au oily liquid heavier than water, and having an aromatic taste with pungout 
after-taste. It dissolves in water to a certain extent without decomposition; but wh«iu 
inclosed in a sealed tube with a quantity of water not sufficient, to dissolve it at Ordi- 
nary temperatures, and heated to 100° for twenty hours, it is dissolved and completely 
decomposed, yielding acetic acid and a solid volatile substance which dissolves readily 
in water and remains as a white residue when the solution is evaporated in vacuo. 
Acetate of methylene boiled with aqmous alkalis (potash or barytu- water) or heated 
wi f !i them in sealed tubes, is deconq^osed, yielding an alkaline acetate, and perhap* 
also a small quantity of formate. Neither in this decomposition nor in that by water 
is any hydrate of methylene (methyl-glyeol) formed. — When acetate of inethyleno it 
heated with water and oxide of lead in a sealed glass tube, acetate of lead is formed, 
together with oxide of methylene ; 

"[(c'H'O)’ [ °*] + 21>b "° - ac'ierb'o* + c*H*o*. 


It is also decomposed by ammonia, but neitlmr in this case is any methylene-glycol 
formed. These facts st em to show that methylene-glycol has no existence, (llut- 
1 oro w.) 

ME THTliENE, BROMIDE or. CTPJlr 2 .— Produced by the action of bromine 
on the iodide, (lint lerow.) 


MBTHTLENE, CHLORIDE Of. ClPCl*. Produced by tho action of chlorine 
on iodide of methylene (llutlerow, Ann. Ch. Pharm. evii. 110; cxi. 242). When 
chlorine gas is passed into iodide of methylene covered with water in » retort, and 
the retort is gently heated, a very volatile liquid posses over into the receiver, and 
iodine separates in the crystalline form. The oily liquid, which i» chloride of methy- 
lene, is purified by heating it with chlorine and a few dro[* of potash-lye, drying over 
chloride of calcium, and rectifying. f , . 

It is a colourless liquid, heavier than water, but lighter than the iodide. It ha* a 
penetrating odour very much like that of chloroform. Does not solidify in a mixture 
of enow and sate Boils at about 40°. . , . t , , 

According to the known boiling points of tho chlorides of totrylenc, tritylene, and 
ethylene, that of chloride of methylene should bo 06° instead of 40°. Now according 
to Wurtz, the difference of boiling point between chloride of ethylene and the isomeric 
body chloride of ethylidene (ii. 59t>) is 25°. If then this same difference between the boil- 
ing points of chloride of methylene and chloride of mcthylidone, is also 26 °, the latter 
should boil at 40°, as the compound now under consideration actually does. Hence 
Bntlerow thinks it not improbable Umt this compound is really chloride of mcthyUd***> 
and consequently that the iodide of methylene above described ii also really an iodide 
Of inethybdenc; but till tl its point is satisfactorily ascertained, it is best to designate 
these bodies as mctbylene-Compounds. 

Chloride of methylene, or its isomer, monochlonnatcd met hylic chloride, tll’Uvl, 
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is produced, together with chlorotortii^CHfil 2 . Cl), by bringing chloride of methyl and 
chlorine together in sunshine, and condensing the products by refrigeration fn o«<>\ 



ever, a much lower boiling point, viz. ou uu;. xu unices with triethyl- 

ohosphine, forming a crystalline mass of chloride of chlormethyl-triethyl-phosphonium • 
CH*Cl a + (C'H fl )*P = (CHKJIJ^H^T.CI. (Hofmann.) 


Chloride of Dinitromethylene. C(NO a ) 8 CP. (Mari gnac, Rev. seientv. 375 \ 
—This compound, which is closely related to chloropicrin, C(N0 2 )C1 3 (i. 922), and is 
commonly known by the name of Marignctc's oil , is obtained by condensing the gaseous 
products of the action of chlorine on naphthalene, and purifying the product, which 
separates after a while from the acid liquid in the receiver, by distillation with water 
It is ? colourless, transparent liquid, having a specific gravity of P685 at 15°, a * 
pungent odour like that of chloride of cyanogen, and producing great irritation of the 
eyes. It is neutral to vegetable colours. Water dissolves only traces of it, but suffi. 
cient to impart the odour. It is very soluble in alcohol and ether, very slightly 
soluble in hydrochloric acid. Its boiling point is above 100°, hut it distils with 
vapour of water. Metallic mercury absorbs the vapour, producing a mixture of chlorine, 
carbonic anhydride, and nitric oxide. It is not acted on by aqueous potash, but alco- 
holic potash dissolves it easily, the odoiir disappearing after some time, ami a crystal- 
lino salt being precipitated which is decomposed with deflagration when heated. 


MET HYXEIVE, IODIDE OP, CIPP. (B utlcrow, Ann. Ch. Pharm. evil. 
JJO; cxi. 242.) — This compound is produced by the action of iodoform on ethylate of 
sodium ; probably together with oxide of ethylene, thus : 


CIII 3 + CW'NaO « CH*P + C S 1P0 + Nal 

... ijfhc best result is obtained when 9 at. ethylate of sodium (in not too concentrated 
solution), and not turned brown by exposure to the air, are gradually added to 4 at. 
pulverise! iodoform. On adding water to the product, iodido of methylene separates 
as an oily liquid which must be washed wi th water and rectified over chloride of cal- 
cium, It is a yellowish strongly refracting liquid, of specific gravity 3 342 at + 5°; 
at + 2° it solidifies to a mass of broad shining crystalline laminae, 
v. Butlerow regards it as probable that the substance which Se roll as obtained (Ann. 
Oh. Phys. xxv. 311), by the action of pentachlorido of phosphorus on iodoform, was 
iodide of methylene; also the compound which Briining produced (Ann. Ch. Pharm. 
civ. 187), by treating iodoform with alcoholic potash: 

Iodide of methylene is not decomposed by potassium at ordinary temperatures, but 
on applying heat, an evolution of gas immediately takes place, ending with a violent 
explosion. Sodium acts in a similar manner, but tile explosion is less violent. When 
Sodium-amalgam containing A of sodium is rubbed to powder ami heated with iodido 
of methylene, a combustible gas is evolved, and iodide of sodium is formed, together 
with a blackish carbonaceous substance which glimmers away when set on tire. The 
gas is chiefly hydrogen, but appears to contain a small quantity of methylene ; for 
when it is passed into bromine, after having been freed from vapours of iodide of 
methylene and of alcohol by passing first through alcohol and then through water, and 
the bromine is afterwards treated with potash, a small quantity of oil is loft undissolved 
having an odour like that of Dutch liquid. Heated with metallic copper and water in 
sealed tubes, it yields cuprous iodide and a gaseous mixture containing carbonic anhy- 
dride, carbonic oxide, and marsh-gas, together with ethylene and some of its higher 
homologues, but no methyleno (Butlerow, Ann. Ch. Pharm. exx. 356). Iodide of 
methylene treated with acetate of silver is converted into acetate of methylene (But- 
lerow). With triethyl phosphine it reacts stiyilarly to the chloride. (Hofmann.) 

M8THYDBKB, OXIDE OP. Dioxy methylene, Q 2 H 4 0 2 = £H*J Q2 

lerow, Ann. Ch. Pharm. cxi. 242 ; cxx. 295.)— This compotthd, isomeric with acetic 
acid and methylic formate, is produced — 1. By the action of oxalate of «i|jirer on iodide 
of methylene: ^ ' v A 

2C 2 Ag 2 0 4 + 2CH 2 I* = C'H 4 0 3 + 4AgI % 2CO*^ + 2CO. 

2 . By the action of oxide of silver ou iodide of methylene.-— By that of lead-oxide 
on acetate of methylene. — 4. By the dry distillation ethyl-glycollic acid (ii. 91C). 
(Heintss, Jahrvsb. 1861, p. 448.) 

Preparation . — When 1 at. iodide of methylene is intimately mixed with 1 at. oxalato 
of silver, and heated, a violent explosive action takes pl&Otf) but if the mixture be pre- 
viously triturated with twice its weight of pounded glasrf^or better, if it be^ieated _ 
Under a layer qf . rock-oil — a slow and regular decomposition takes place ; gas is abun- 



METBYLENE: sjjlphocarbonate. 1007 

dnntly evolved, consist ing of carbonic anhydride sad corbonic oxide ; and dioxyraefhylere 
sublimes in the neck of the retort, or pusses over with the vapour of rock-oil into the 
receiver, and there condenses in a thin white layer, which adheres closely to the sides 
of the receiver. It is purified by pressure between paper, and hashing with ether, 
alcohol, and water, then with alcohol and ether, in the , order here mentioned, and 
lastly dried over oil of vitriol and sublimed in sealed tubes. 

/VoperfiVs. — Dioxymethylenc forms translucent, hard, crystalline crusts having an 
indistinct crystalline structure. It is odourless at ordinary temperatures, but emits a 
peculiar, sharp, irritating odour when heated. Tasteless. Neutral to litmus paper. 
May be sublimed without previous Aision. Ilegius to volatilise at 100°, but hi not 
completely vaporised till heated al»ov» 150° ; at about 162° it melts, and immediately 
afterwards begins to l>oil. A lump of if quickly heated, melts and boils at the same 
time. Vapour-density, obs. «=> 2 07 ; calc. *» 2 0H. It does not dissolve in water, 
alcohol, or ethor when merely boiled with them ; but when heated with water to 100°, 
in a sealed tube for several hours, it dissolves completely, forming a solution which 
when evaporated in a vacuum, leaves a residue consisting chiefly of the unaltered oxide. 
This compound docs not therefore behave with water like uxule of ethylene, O v HU), 
and indeed cannot be regarded a* the ether of the hypothetical methylene-glycol, inaa* 
much aw that ether should have the eomjK>sitiou C1I*'<) . but it appears rather to bo the 
homologuo of dioxy ethylene, (C*H *)*()* (ii. ,VJ(>). 

Decomposition *. — 1. Dioxymethylenc has a great ineliuation to take up an additional 
quantity of oxi/t/en, being thereby converted into enrbonie anhydride uml water, and 
sometimes partially into formic and oxalic acid. It reduces the oxides of silver and 
mercury when heated with them. Si trie mitt and a mixture of sulyhuric mid and 
chromate oj jmftisstum converts it into carl *otiic anhydride and water. Inclosed together 
with w[>ongy platinum in a sealed tube containing oxygen, it oxidises slowly at ofdi* 
nary, quickly at higher temperatures, yielding carbonic acid and water, limited to 
lf)0° for about 10 hours in waled tubes with water and jh n>.ride of had, it yields 
carbonate and formate of lead. In the preparation of this compound by the process 
above given, part of it appears to be oxidised l>v oxygen derived from file oxiilato of 
silv r: for the volume of carbonic evolved is greater f linn that of the carbonic oxide 
(they should be equal according to the above equation i ; and toward* the end of th* ' 
operation, oxalic m id sublimes in crystals : (Ml 'O* + O* (. ]!*()♦ -t 11*0.— 2. With 
red iodide oj phosphorus it yields iodide of met hv lene. and is at the stirne time partially 
carbonised. — 3. When a mmt adu - gas is passed over pul \ ensed oxide of methylene, heat 
is evolved, a watery liquid is separated, and a volatile crystalline substance is formed 
[►OHMessing basic properties. 1. It is decomposed by beating with txau-wator or dilute 
potash-/ ye, into formate and im-tln b nitan (p. loots). 


METHYLENE, SULFBZDEB Or. (A. I J u s e m a n n, Ann. Ch Pharm. exxvi. 
2113.) Mo n o m < t h yl f a t c sulphit/e, (!11 : S, is obtained by leafing nioiioMilphide 
of sodium with iodideof niethyb ne, as a loose white insoluble powder When heated 
to 1 * r >0° it iw converted into a sublimable body, consisting of tl t m t t h i/hn %c 
tulphidt, (('ll*) 'S*, and probably identicjil with the compound which Girard 
(Ann. Cli. I'harm. c. if 0(1) obtained by the action of nascent hwlrogen (from zinc 
and hydrochloric acid) on sulphide of carbon. When obtained as above, it crystallises 
in long monoclinic prisms having an intolerable odour of onions, melting at a tem- 
perature above 200°, but volatilising in considerable quantity at a much lower tem- 
perature. It iw sparingly soluble in most 'liquid*, most readily in la mine uml tntfphide 
of car /sat. Jt forms crystalline double ‘alts with the > h/or'uh s of narrory, tjold, 
and platinum, ulwo with nitrate of silver, and unites directly with iodine, forming a 
crystalline compound, but not with bromine. Sun, a- vt/ne and attacks it violently, 
giving off nitrous fumes uadi farming a compound which crystallise* in acute rhomljohe- 


drons, and probably cousists of dimt»tby!cn:c oxysnlphide, ^ S’U* (Hum-mann). 

Girard’s corojAuadfVeemblcs that just describ- d in its behaviour with solvents (from 
benzene it crystallises in quadrat!* prisms), and ju forming crystalline compound* with 
nitrate of silver and chlorides of gold and platinum ; it was dissolved without de- 
composition by hydrpcklowc aoid, slightly al*o by dilute sulphuric acid; when heated 
with strong sulphuric acid it dpeomposed, with separation of sulphur, Hot nitric 
add decomposed it completely, with formation of sulphuric acid, carbonic acid, and 


water. 


XSTBTXtBVB, SmU^BOC AEBOll ATI OF. | ^.—Heparan won gently 

heating an alcoholic solution of dioxymethylenc with sulphocarbonate of fodium, a* a 
yellowish-white, amorphous, inodorous powder, insoluble in water, and converted by 
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faming nitric acid into methylene-sulphurous acid (Hofmann and Bucktotis disulpho . 
metholic acid ; Liebig's methionic acia). (Husemann.) * 

METHYXsE&E-PHOSJ>B;ONIUMB. See Phosphorus-radicles, Organic. 

METHTLENE'fi UXPH URO US ACID. See Sulphurous Ethers. 

METHTLSNZT4N. C’H l4 0 • fButlerow, Aim. Ch. Pharm. cxx. 295 .)— A 
saccharine substance somewhat resembling mannifce , produced, together with formic 
acid, by the action of strong bases on dioxy methylene : 


4C 2 II , 0* = C 7 H M 0 6 + CH 2 0 2 . 

Dioxymeihylene. Methylenitan. Formic acid. 

Dioxy methylene dissolves when boiled with excess of baryta- or lime-water, and if 
lime-water be gradually added to the boiling solution till it assumes a deep yellow 
colour, the liquid remains neutral, is no longer precipitable by carbonic acid, and when 
evaporated in a vacuum, yields a yellowish syrup, consisting of methylenitan, mixed 
with crystalline calcic formate. On treating this residue with absolute alcohol, the 
methylenitan dissolves, and remains, on evaporating the alcohol, as an amorphous body 
(containing a little lime) having a saccharine taste, and a faint odour like that of 
caramel. The solution has a slight acid reaction, is coloured yellow by alkalis, and 
decolorised again by acids; it reduces an alkaline cupric solution almost instantly 
when heated with it ; has no rotatory power ; and does not appear to ferment with 
yeast. When heated for several hours to 100°, with excess of butyric acid, it forms an 
oily bitter compound, probably CTI n (C«II 7 0) 3 0 6 , having an odour of cheese, insoluble 
m water, partially volatilised in a current of air at 150°, and yielding butyrate of 
barium when saponified by baryta-water. 

MfiTHTLENE-STASTirAMYL and METHTLENE-BTANNETHYL, 

Soo Tin -radici.es, Organic. 


*. ) See 

> Alt 


PllKNYL- 
AMINES. 


METHYL-ETHYI-AMYIAMIWE. See p. 1001. 
METHYL-BTHYL-AMYLO-PHEWYI-AMMOWIUM 
METHY1-ETHY1-ANI1INE. 

MBTHYL-ETHYLATB OF ETHYLENE. <jH» C w \ O’— Obtained, to- 

gether with dimethylate of <'thyl. no (p. 1002), by distilling a mixture of mctl.ylic and 
ethylic alcohol with sulphuric acid and peroxide of manganese. (Wurtz.) 

METHYI-BTHYL-CARBAMIDE. See Carbamides (i. 754). 
METHYl-BTHYI-CONiriCM. See Conine (ii. 6). 
METHYL-ETHYLIC ETHER, See Ethtl-mktiiylic Ether (ii. 542). 
METHYL-ETHYL-PHENYLAMINE. Sejg Phenyl amines. 
METHYX-ETHYL-tTREA. Syn. with Methyl-ethyl-carbamide. 
METHYL-HEPTYLIC ETHER. Syn. with Heptyl-methylic Ether. 

MBTHYX-HEXYL, or Mithyl-caproyl. C 7 H 16 =* CH 3 .CTI'*.— Obtained liv the 
electrolysis of a mixture of acetate and oenanthylate of potassium, but in small quan- 
fty only, probably because oenauthylic acid is yiuch more easily electrolysed than acetic 
acid. On rectifying the resulting oily liqiyd, the portion which distils at 85° is found 
to consist chiefly of methyl-hexyl, having a vapour-density of 3426 (calc 3-4661 
(Wurtz, Ann. Ch. Phys. [3] xliv. 275.) " v 


Syn. with Methylaminb. 

MBTHYIIDEITE-COMPOUWDS. See p. 1006. 

METHYL-nUBlWE. A violet compound obtained by v Babd bv the action 
of methylic sulphate on cliinoline (i. 871). * ' 1 tne 40110,1 

METHYL-LACTIC ACID. See Tactic Ethers. 

MSTHYL-LUTXBIVE. See Lutidinr (p. 738). 

MBTHTL-MALIC ACID. See Malic Ethers (p. 709). 

MXTHTL-MORPHIHE. See Morphine. 

XBTHYL-HICOTIHB. See Nicotine. 

METHYMITROPHENIDIVE. Syn. with Nitranistdine (i. 304). 
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MXTXV'li-VXntOSAUOTUC ACX3>. See Salicylic Ether*. 
KXTHTL-(ENAVTX¥L. C*II'*0 - CIP.C t H'*0. (St&deler, J. pr. Chain. 
Ixxti. 246.) — A compound acetone, isomeric with enprylic aldehyde, obtained by die- 
tilling & mixture of equivalent quantities of acetate and conanthylate of sodium; also, 
together with heptylie or octvlie alcohol, by distilling ricinolcate of potassium or 
sodium with excess of caustic alkali (see Hkptyi., Hydratk of, p. 144). It is a thin, 
colourless, neutral liquid of specific gravity 0 81 7 at 23° ; boiling between 171° and 
1715°. Its smell recalls that of oil of me; taste similar, and slightly burning. It 
makes grease-spots on paper ; does not turn acid on exposure to the air, even in contact 
with platinum-black; burns with a bright yellow tlume. It is insoluble in u*atcr, but 
mixes in all proportions with alcohol and rther; mixes with sulphuric acid t evolving 
•heat, and is precipitated from the yellow solution by water, apparently unchanged! 
With ammonia , potash, silvcr-oxidc, and chromic aiid, it behaves like eaprylic aldehyde 
(i. 745). With pcntachloride of phosphorus , it yields chloride of octylone, C # II i- CT l . 
(Dachaucr, Ann. Ch. Eharm. cvi. 269.) 

METHYl-tBNANTHYLZO ETBBX. Syn. with Hbptyl-mbtutlic Ethur 

(hi. 119). 

MSTBYL-OXALZC ACID. He- OxAl.U' Ethkus. 

MBTHY1-OXAMXC ACID. See Oxamic Kthhus. 

MET HYL-PARADAN X O ACID. See ClIOlKSTKorUANK (i. 926). 

METHYL-PARATARTARXC ACXB. S«*e TauTAHIC E l Hunt. 

IVIETHYlU-PHXINiDTOr. Syn. with AtnsmiNK (i. 304). 

METHYL-PHENYLAMINE. See PliKNYl aminbs. 

XMEZSTJX YX«-FX*X7IIKBXZ}£S. See I,KAD-llAI>ICI.r.ft, OliOANIC (iii. 603). 

METHYL-PHOSPHINES uml PHOSPHOWIUMB. See JhiOMMionus- 
l.< A n 1 C I . KS, ( biOA MC. 

METHYL-PHOSPHORIC ACID. See Pilosi-Homo ETllKJiH. 

METHYL-PHOSPHOROUS ACID. See pHOHVHoKniis KtiiXKS. 

METHYL-PIPERIDINE. See Pifrriihick. 

METHYL-PIPERYL-CARBAMIDE. See Cahhamioes (i. 767). 

METHYL-SALICYLIC ACXX>. See Salicylic Etiikun. 

METHYL-8ELENIC and SELENIOUS ACIDS. Suo Sxi-KNIcand SKLKNIOUH 
IVNIEHS. 

METHYI-8TANNETHYL. See TlN-KADICl KS, OltOANIC. 

METHYL-BTXBTNES. See Antimon y-uaihclk*, Ouuanic (i. 344). 

MBTHYL-BTRYCHNXNE. See StiiYCIININK. 

MBTHYL-SU1PHURXC ACID. See .SrunriMC IvniKtt*. 

METHYL-8ULPHOCARBONIC ACID. See Sri .PlIOfAItJinxic IvniKKfl. 

METHYL-BtTLPHOPBENXC ACID or BULPHANZBOEXO ACID. 
An acid obtained by dissolving uiiiko! in strong sulphuric acid (see i. 306). 

METHYL-TARTARIC ACID. See Tamtakic Etiikks. 

METBYL-THIOSINAMINE. See Thiohimamink. 

M ET HYLU R A M INE* CJI’N*. (I) <• n*ji i g n *■*, Compt. rend, xxxviii. 830.) — 
A. base produced by heuting an aqueous solution of creatine or treat jnilio with mor- 
cupric oxide: carbonic anhydride is then evolved without a trace of ammonia; the oxide 
of mercury is partly reduced; and oxalate of niethyluramine is ylitaiuwl in crystals. 

2CH*n , o i + o* - (C'H’N'^.i^ieo* + 200* + n*o 

CrcAtini 1 ! of Mrthjfl* 

uramlfie- 

2C‘H’N*0 + O* - (C'H’N'r.C’II'O* + 2CO*. 

Creatine. 

If the quantity of oxide of mercury is too small, the crystals of oxalate of metbyl- 
nramine are mixed with crystals of creatine ; but when a sufficient quantity or 
mercuric oxide is used, the oxalate of methylamine is obtained in large quantity Mid 
quite free from creatine. To separate it completely, the solution must be repeatedly 
treated with alcohol and evaporated. It may also bo produced by treating creatine 
with peroxide of lead and sulphuric acid ; but this method does not yield so pure a 
product as the preceding. (Pessa ig nes, Compt. rend. xli. 1268.) 
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Methyluramine is obtained in the free state by heating the oxalate with a Blight 
excess of pure milk of lime, and evaporating the filtrate in vacuo. It is a white solid 
body having a crystalline surface, due perhaps to absorption of carbonic acid; verv 
deliquescent. Its taste is caustic and ammoniaeal. Heated on platinum-foil it 
volatilises completely, exhaling a strong odour of burnt creatine. ’ 

Methyluramine contains the elements of urea and of methylamine, minus 1 at. water 
(Dessaignes) : 

CW 7 N S + H 2 0 = C1I*N*0 + CH S N. 

It may also be regarded as formed from 2 at. ammonia, by the replacement of 2 at If 

fCN 

by 1 at. cyanogen and 1 at. methyl respectively : CUPN 8 =* .Nm CH s . (Gerhardt 

[W 

IVaitS, iii. 941.) 

Methyluramine heated with baryta-water is decomposed, giving off ammonia with 
an odour of sea-water. It eliminates ammonia from uramonical salts at ordinary 
temperatures. With the chlorides of barium and calcium, it forms copious pre- 
cipitates, which are soluble in a large quantity of water, and in dilute acetic acid. 
With sulphate of aluminium and ferric chloride, it forms precipitates which re- 
dissolve in an excess of the precipitant. It precipitates the salts of load, copper, and 
mercury ; forms a whitish-yellow precipitate with nitrate of silver, and dissolves oxide 
and chloride of silver. 

Methyluramine combines with acids, forming crystalline salts, which have a slight 
alkaline reaction, and when heated with caustic potash-solution, give off copious 
alkaline vapours consisting of ammonia and methylamine. The sulphate, hydro- 
chlorate, and nitrate may be easily obtained by decomposing the oxalate with the cor- 
responding calcium- salts. 

The chloropla tin ate, 2(C*H 7 NMICI).PtCl 4 , is obtained, by mixing a concentrated solu- 
tion of the Jiydroehlorate with platinie chloride, in splendid orange-coloured rhomboids, 
which, when redissolved and recrystallised by cooling, often take the form of flat prisms, 
arranged in parallel groups. The salt when calcined (units an odour of trimcthylumine! 

The oxalate, prepared as above, forms flattened prisms arranged in parallel groups, 
containing (C 2 H 7 N 3 ) 2 .C 2 H 2 0 4 .2H 4 0. It gives oft' its water of crystallisation at 100°, 
is very soluble in water, has a disagreeable taste, and blues reddened litmus slightly. 
Heated on platinum-foil, it exhales the same odour us creatine. ° 

METHYL-UREAS. See Mkthyl-carbamides, under Cajujamjdks (i. 754). 

METHTI-XANTHIC ACID. See Xanthic Ethers. 

MBTOLUZDIITB. Syn. with Mki.obenzyi. amine. See Bemzylamine (i. 576) 

MBTHY8TZCIN . A crystalline substance obtained from Kawa-root, the root 
of Piper Methysticum (see Kawa, p. 445). 

MBIBREUM-SEED8. M. Marti us (Arch. Pharm. [2] ex. 39) obtained from 
3 lbs. uf mezoreu in -seeds ( Semin coccof/nidii ), between 20 and 20 oz. of a fatty 
vesicating oil, and about 2 dims, of a substance which crystallised from alcohol in 
white cauliflower like masses. 


MfAROYRITE. A sulphantiinonite of silver, Ag 2 S.Sb 2 S* or AgSbS* found at 
Brtiunsdurf, near Freiberg in Saxony, associated with argentiferous arsenical pyrites. 
It forms thick tabular, pyramidal, or short prismatic crystals belonging to the mono- 
chnic systen 1 . Ratio of axes a : b : c : = 0 3565 : 1 : 1 0377. Angle of iuelined axes 
39° 38 ; oP : jP* ] = 109° 9'. The lateral planes are 


81° 36' ; ooP : ooP 

deeply striated. Cleavage parallel to ccI*ob a J nd [Poo ], imperfect. 


Hardness =» 2. 


Specific gravity = 5 2 to 5*4. The crystals are opaque, with sub-metallic adamantine 
lustre aud iron-black colour; thin splinters appear blood-red by transmitted light. 
Streak dark cherry-red. Fracture subconchoidal. Very sectile. Contains according 
to II. Rose (Pogg. Ann. xv. 469), 2P95 per cent, sulphur, 3914 antimony, 36*40 
silver, 106 copper, and 0 62 iron (= 9917); the formula requires 2P2 sulphur, 42 9 
antimony and 35*9 silver. In an open tube it melts easily, gives off sulphurous 
anhydride, and yields a sublimate of antimonious oxide. 

The Hypargyritc of Brcithaupt contains, according to Plattner, 35 per cent, silver, 
and is probably a variety of miurgyrite. (Dana, ii. 75.) 

MXASCXTS. A granular slaty rock consisting of orthoclase, mica, and ehsolite* 
sometimes with quartz, albite, and hornbleude. 

MICA. The generic name of a number of mineral species, including Muscovite, 
Phlogopite, and Biotite, distinguished by a more or less laminated structure, hence 
called micaceous. They are usually divided optically into uniaxial and biaxial micas, 
but tn reality they a re all biaxial, and apparently trinntric ; but in some, viz. the biotit es’ 
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the angle between the optic axe® is small, not amounting to 5°, while in others, vi*. 
the museovites, it varies between 46° and 66°. 

Chemically, micas may bo divided into pot ash - micas, containing little or no 
magnesia, these being again subdivided into those which contain lithio, and those 
which are free from that alkali ; and magnesia- micas,. containing for the most part 
from 20 to 30 per cent, of magnesia. The micas which do not contain magnesia are 
those in which the optic angle of the axes is tho largest : hence they are commonly 
distinguished as biaxial micas. 

Tho micas, even of tin* same subdivision, present such differences in chemical 
composition (at least, according to the analysi s that have hitherto been made of them), 
♦hat it is not an easy matter to bring them under general formula*. According to 
Ram me labor g, however, they may be represented, with considerable impronch to 
accuracy, as follows, M denoting n mon atomic, and U a sosqui -atomic metal : 
Potash-mica ..... 2M 0.3Si0* + u(2R 2 O s .3SiO I ) 

Magnesia-mica .... 2M*O.SiO' i 4 «(2U 9 0 , .3Si0*') 

According to these formula*, the magnesia micas are orthosilicates, both terms of tho 
second formula being reducible to the form M'SiO*. whereas, in the formula of tho 
potash-micas, only the second term can be thus reduced, the first containing 2 at. 
silica in addition. 

I. Potash -M rc a. 
a. Not continuing Lithio. 

Muscovite. Common , Oblique or Biaxial Mica. Muscovy glass. Vcrrc.de. Afuacotnr. 
Glimmer , in part. — This mineral occurs in trimetrie forms, usually hcmiliedral, and 
having a monoclinic aspect, ocp : oc-P =» 120°. Cleavage basal eminent ; occasionally 
also at right angles to two opposite sides of oP; separating in fibres. It also forma 
twins, often observable by internal markings or by polarised light; face of composition 
parallel to xP, Folia sometimes aggregated in stellar or plumose groups. Hardness « 
2 to 2*3. Specific gravity — 2*76 to 3*1. Lustre more or less pearly. Colour white, 
grey, pale green, and violet-yellow, sometimes brown and dark olive-green; colours 
different in the axial and diametral directions. Streak uneobmrod. Transparent to 
translucent. Thin lamina*, flexible and elastic. Very tough. Sectile. biaxial ; angle 
between optic axes varying from 16° to 7*’>°. 

When heated, it gives off more or less water, which exhibits with glass the reaction 
of hydrofluoric acid. Melts before tin* blowpipe more or less easily, to a grey or 
yellowish tumefied glass, (jives with fluxes the reactions of silica and iron (sometimes 
of manganese). 

Analyses: a. From Litchfield in the State of Maine while (Smith and brush). 
— b. County of Carlow, Ireland: grey; angle of axes 72° 18' ( f 1 a u g h t o n). - 
c. Glendalongh vnllry, County of Wicklow: angle of axes : 70 ' 4'; specific gravity rr» 
2*793 (Ha ugh t o n). — d. Crux, near St* Ft ienne in the Vosges : greyish-white, reddish 
by transmitted light ; specific gravity - 2 817 (Pelisse). - e. /si<|ovaez. in Hungary : 
white; specific gravity — 2817 (lv u.ssi n).- /. Schwar/ensfcin, ZilbrllmJ (ehrome- 
mica; fuchsito) : green (Schaf haul 1).- g. Utd, Sweden : gojden-yellow (If. Hose), 
—A. Ochobzk, Siberia (H Rose). 



a. 

*• 

1 *■ 

d. 

r. 

j /• 


h. 

Fluorine 






0*35 

0*63 

0*28 

Silica 

14 fiO 

1101 

11 71 

40 23 

48 07 

17 96 

17 60 

4719 

Alumina 

36*23 

30*18 

30*13 

33*03 

38-41 

31*46 

37*20 

33*80 

Chromic oxide . 

Ferric oxide 

1 31 

0 36 

4 09 

3 4 8 


3*95 

1*80 

3*20 

4*47 

Manganous oxide 







‘0*81 

| 2*68 

Magnesia . 

0-37 : 

0*2 

0 90 

2 10 


0*71 


Lime 

0*60 


109 



0*59 

. . • 

0*13 

Potash 

1 6 20 

1240 

9-91 

8-87 

10*10 

10*76 

* 0 

8*36 

Soda .... 

4T0 


! P27 

1 45 


0-37 



Water t 

6* 26 

5*32 

0*22 

412 

3*42 


2 0 3 

4*07 


98*60 

99 61 

98 92 

99 28 

100*00 

100*92 

101*47 

100*87 


Common mica is a constituent of .granite and its associate rocks, (piciss, syenite and 
mica-slate. It occurs also in more recent aggregate rocks; also in imbedded crystal* 
in granular limestone, waoke, traehyte and basalt. Coarse lamellar aggregations of 
it often form the matrix of crystal* of topaz, tourmaline, and other mineral species. 
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Mica is sometimes altered by the action of water, losing its elasticity and transparent 
and often some portions of its alkalis and ferric oxide. Margarodite (p. 853) apnea 
to be a mica thus altered ; also, perhaps, Damourite (ii. 303); Gilbertite, a minerl 
found at Stonagwyn, near St. Just in Cornwall, containing, according to Lehunt 4515 
per cent, silica, 40*11 alumina, 2*43 ferric oxide, 4 17 lime, 1*9 magnesia, and 4 - 2*4 
water; and Sericite (q. v.), " ' J 

0. Containing Lithia. 

hepidollte, Trimetric, often occurring in oblique , rhombic, and six-sided prisma of 
119° to 12 0°; also in coarsely granular masses consisting of foliated scales . Cleavage 
basal, highly eminent. Hardness =* 2*5 to 4. Specific gravity = 2*84 to 3. Lustre 
pearly. Colour rose-red, violet-grey , yellowish, whitish. Translucent. Anglo of 
apparent optic axes = 70° — 78°. 

When heated, it gives off water exhibiting a strong reaction of hydrofluoric acid? 
Heated before the blowpipe, either alone or with a mixture of fluor spar and acid 
sulphate of potassium, it colours the flame red (in the latter case sometimes also green 
from the presence of boron, C. G m e 1 i 11 ). Melts easily before the blowpipe, and exhibits 
the reactions of iron and manganese. It is attacked with difficulty by hydrochloric 
and sulphuric acid ; after fusion, the finely pulverised mineral gelatinises with the 
acid. 

Analyses: a. From Zinnwald in the Erzgebirge (Lohmeyer); b. From the same 
locality (Rammelsberg); c. Altenberg in the Erzgebirge (Stein) ; d. Cornwall 
(Turner); e, Rozena in Moravia (It am m els berg) ; f. Uto in Sweden (T urner) ; 
g. Chursdorf in Saxony (C. Gmelin) ; h. Juschakowa ‘in the Ural (Rosales). 




a . 

b . 

c . 

rf. 

e . 

/• 

e- 

A. 

Fluorine . 


6-3 5 

747 

1-43 

4-56 

712 

3 90 

4*81 

10*22 

Chlorine . 


0-21 


0-40 




116 

Silica 


42-97 

46 52 

47 01 

50*82 

51*70 

50-91 

52*25 

48-92 

Alumina . 


20*59 

21-81 

20-35 

21*33 

26-76 


28-34 

20-30 

Ferric oxide 


14 18 

4-68 

14-34 

10 09 



Ferrous oxide . 
Manganic oxide . 



6-80 



1-29 

1-20 

406 

4-67 

Manganous oxide 
Lime 


0 83 

1-96 

i 53 


0*40 

l 


012 

Magnesia . 



0-44 



0-24 



Potash 


10*02 

909 

9-62 

9-86 

10-29 

9-50 

690 

10-96 

Soda . 


1-41 

0-39 



1-15 



2-23 

Lithia 


1*00 

1 27 

4 33 

4 05 

1 27 

5-67 

4 79 

2-77 

Water 

Phosphoric acid . 


0*22 

01 3 

1-53 


016 






98-38 

100-56 

100-54 

100-71 

100-38 

99*35 

10015 

101-35 


The litliia-micas contain a larger proportion of manganese than those in the preced- 
ing division. Rammelsberg restricts the name lepidoliteto those which are free 
from iron. 


2. Magnesia-Micas. 

The micas of this division, mostly of darl*' green, brown or black colour, contain only 
about 40 per cent, silica, often a large quantfty of iron, and magnesia as an essential 
constituent, sometimes to the amount of 30 per cent 

Potash is also present, but in comparatively small quantity. Moreover these micas 
almost always contain fluorine, and frequently water. Before the blowpipo they melt, 
for the most part with difficulty, to grey or blackish glasses ; with fluxes they give 
a strong iron-reaction. They are attacked with difficulty by hydrochloric, but com- 
pletely decomposed bv sulphuric acid, the silica remaining in the form of the laminae 
with white colour and mother-of-pearl lustre. 

Phlogoplt*. . Rhombic Mica. — Trimetric, occurring in rhombic or hexagonal 
prisms, with biaxial refraction. 00 P : ocP = 120°. Colour yellow or copper-red ; also 
white or colourless and different shades of brown. Cleavage as in muscovite. Angle 
of apparent optic axes, 6° (or less) to 20°. 

Analyses: a, b t c. From Edwards, St. Lawrence County, New York; a. dark yellow- 
brown; b. and c . colourless, with silvery lustre (Craw). — d. From the Vosges; in 
granular lime-stone : greenish ; specific gravity, 2 746 (Delesse). — e. Jefferson County, 
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New York : brown; fusee easily before the blowpipe to a white enamel, and colour* the 
flame reddish (Meitsendorff).— /. Sala in Sweden (Svanberg). 



a. 

6. 

c. 

d. 

e. 

/• 

Fluorine 

4*20 

trace 

trace 

0*22 

3*30 

0*62 

Silica .... 

40*14 

40*36 

40*8 

37*64 

41*30 

42*64 

Alumina 

17*36 

16*45 

1C 08 

19*80 

16*35 

13*06 

Ferric oxide 

traeo 

trace 

trace 

1*80 

1*77 

7*90 

Manganous oxide . 
Magnesia 

Lime .... 




0*10 

2879 

1*06 

2810 

29*55 

30*25 

30*32 

26*98 

Potash 

10-56 

7*23 

6*07 

7 17 

970 

6*03 

Soda .... 

063 

4*94 

4*39 

1*00 

0-65* 


Loss by ignition . 


0-95 

2* 05 

1*51 

0*28 

| 317 


100-99 

99*48 

99*80 | 

i 

100*16 

101*14 

I 100*45 

l 


• With lithla. 


This kind of mica is especially characteristic of granular limestone. The phlogopites 
are very liable to change, losing their elasticity and becoming pearly in lustre, often 
with brownish spots, as if from the hydration of the oxide of iron. In some cases, an 
alteration to steatite has been observed. 

Blotlte. Hexagonal Mica. Uniaxial Mica. — Probably frimetrie, formerly sun- 
posed to be hexagonal. Occurs usually in tabular prisms with basal cleavage, highly 
eminent; common also in foliated masses. Refraction biaxial; angle bet ween the axes 
less than 6°. Hardness =■ 2 5 to 3. Specific gravity «= 2 7 to 3*1. Lustre pearly, 
often submetallic on the terminal faces of the prism. Colours various, as in t he pre- 
ceding species; usually dark green, brown, or nearly blaek ; sometimes white or 
colourless. Streak uncoloured. Transparent to opaque. Thin lamina*, flexible and 
elastic. 

Analyses: a. From Lake Raikal in Siberia (If. Rose). — h. Vesuvius: yellowish 
g^een ; crystnllip«*d (C. Rromeis). — c. Monroe, New York : dark green (v. Kobell). — 
d. Greenwood Furnace, near Monroe: dark green (v. Hauer). — c. Schwarzenstein in 
the Zillcrthal : green (chrome-mien) (Soli a fli ii u t 1). — f. Eifel : pinchbeck brown 
(Kjerolf). — g. From the protogyne of the Alps: dark green ; specific gravity — 3-127. 
Difficult of fusion before the blowpipe; perfectly dcoomposible by hydrochloric acid 
(Del esse). — h. Abbcrfoss in Finland (S van berg). 



a. 

b 

r 

d. 

r. 

/■ 

/• 

* 

Fluorine . 

0*05 


0-50 


trace 


1 68 

0-29 

Silica 

4 2 01 

3975 

40-00 

4 0-21 

1 7*0*8 

43*10 

1 1 *22 

39*4 1 

Alumina 

16 Of* 

15 99 

16-10 

19-09 

15 15 

15 06 

13 92 

9*27 

Ferric oxide 

4*93 

8-29 

7'6o 

7*96 

672 

26 81 

26-90 

37*39 

Chromic oxide . 
Manganous oxide 
Magnesia . 





6-90 

1*05 


1 09 

267 

25-97 

2419 

21*61 

21 16 

11*68 

10*82 

470 

3*29 

Lime . . . 1 


i 0-87 


1 55 


0*81 

’ 2-68 

076 

Potash 

7 65 

8-78 

10-82 

5 22 

7*27 

4 62 

6*06 

6 06 

Soda . 




0 90 

117 

0*82 

1 40 


Lobs by ignition 


bin 

300 

289 

2*86 

1*5(1 

0*00 


Titanic acid 
Undecomposed matter 


o*10 

0*20 



1 03* 




9716 

99*02 ! 

9973 

98*97 

98*38 

103 69 

100-34 

98*00 


This species is perhaps identical with the preceding; indeed no definite lino of 
demarcation can be drawn between them. Since the percentage of iron decreasea, 
for tho most part, as the magnesia increases, part of the iron must be present as ferrous 
oxide. (Rammelsberg.) 

Vesimnn biotito occurs in brilliant well-defined crystals ; that from Greenwood 
Furnace, New York, in large very regular rhombic prisms, and tetrahedral pyramids. 

Biotite occurs altered to rub< Han and steatite ; it has also been observed altered to 
magnetite in the Tyrol. 
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For further details respecting the optical properties of micas, see Dana's Mmen i- 
ii. 217, and for a full discussion of the chemical formulae, Rammelsberg’s 
Mineralchmie , pp. 656-672. 

KZCA-fi£ATE A rock similar in constitution to granite, but with a distinctly 
foliated structure. 

MICHAS&ZTE. A white, fibrous, pearly variety of opal, from tho island of 
8t. Michael in the Azores. 

MICSOBB.OMZTE. A variety of bromochlorido of silver. (See Silveb.) 

MZOBOCLIV. A variety of orthoclase from Arendal in Norway. Bvrithaupt, 
however, regards it as triclinic, although the angle between the principal directions of 
cleavage differs by only 22' from 90°. According to Breithaupt, also, the felspar of 
miascite (p. 1009) consists of microclin, 

MZCEOCOBMZC SALT. Ammonio-sodic phosphate, (NH 4 )NaHP0 4 .4H‘0, 
usod as a flux in blowpipe experiments. (See Blowpipe, i. 624, and Phosphates.) . 

XMCZCROZiZTS. A variety of pyrochlore from the albite vein in Chesterfield, 
Massachusetts. (See Pyrochlore. ) 

MZLDLETONITE. A fossil resin found in the coal-seams at the Middleton 
collieries near Leeds, and at Newcastle. It is brownish-red, of specific gravity 1*6, 
nearly insoluble in alcohol, other, and oil of turpentine, and contains 86*43 per cent 
carbon, 8*01 hydrogen, and 5*56 oxygen. (Johnston, Phil. Mag. [3] xii. 261.) 

MZEMITB. Syn. with Dolomite. 

MXBSITB. Syn. with Pyromorphite. 

MILK is tho liquid secreted by the mammary glands of the class of animals called 
Mammalia. Its colour is generally white, often bluish-white, more rarely yellowish ; 
it is opaque, has little or no smell, a slightly sweet taste, and in general an alkaline 
reaction. The specific gravity of milk varies between 1018 and 1-045 (Scherer); 
the average specific gravity of human milk = 1-032 (Simon); = 1-032G7 (T02561 
— 104G48). (Vernois and Becquorol.) 

Chemists differ as to the reaction of fresh milk. Borzeli us,Pcligot, and Lassaigne 
ascribe an acid reaction to normal milk ; Simon and others, an alkaline reaction, and 
consider that when it is acid, that quality is due either to the milk having been allowed 
to stand before testing, or to disease. Moleschott, however, found that in two cases, 
cow’s milk (stall-fed) which had just been drawn was acid. Elsasser examined 385 
different specimens of human milk, some diseased, but most healthy ; of these 45 wero 
neutral, and the rest alkaline. Kattenmann, out of 272 specimens, found only 
two acid, and that probably owing to some extraneous cause. On the contrary, 
out of 94 specimens of fresh cow’s milk, Ruoff found 44 acid; out of 4G specimens 
of mare’s milk, 19 acid; sheep’s milk as often acid as alkaline or neutral ; and the 
milk of carnivorous animals (dogs and cats) always acid. Dumas remarked that 
dog’s milk coagulates by heat like turned cow’s milk. Peligot found ass’s milk 
always acid (15 cases). The reaction of the milk seems in some measure to depend 
upon the nature of the food. According to D’Arat and Petit, the milk of 
stall-fed animals is always acid, and becomes alkaline only when they are turned 
out to grass. Hcrm bstiid t found milk that had remained long in the udder, acid. 
Fraas caused a cow to be milked six times in a day, and found the milk in each case 
feebly alkaline; after an interval of 24 hours, the cow was again milked, when the first 
portion of the milk was found to be alkaline, the lust acid. Sch lossberger, how- 
ever, found the milk of a cow which had not been milked for 14 days, alkaline. In 
some experiments tho milk was as often acid as Alkaline, but that drawn in the morn- 
ing was more often acid than evening milk. 

When milk has stood for some time, a thick yellowish-white stratum, rich in fat, 
collects on its surface (cream); while the lower portion becomes bluish-white, and 
poorer in fat, and at the same time increases in specific gravity. If the surrounding 
temperature be not too low, the milk, when previously alkaline, acquires an acid reac- 
tion, but remains homogeneous for a time. It then coagulates, fresh milk more quickly 
thanboiled, and more rapidly if the temperature be rather elevated, and the atmosphere 
charged with electricity. Milk is immediately coagulated by rennet. If it be rapidly 
evaporated, a dense white film forms on its surface. 

'Hie spontaneous coagulation of milk appears to be caused by part of the milk-sugar 
undergoing acid fermentation, and thus yielding lactic acid, which precipitates the 
casein. A solution of pure casein is not precipitated in 10 hours by rennet, and milk 
rendered alkaline by addition of alkali is not coagulated by rennet (Denis). Selmi, 
however, coagulated alkaline milk -in ten minutes with rennet, and the mother-liquor 
was still alkaline after the precipitation of the casein. (See Caseiw.) 
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Viewed under the microscope, fresh milk appears as a clear liquid in which the 
so-called milk-globule s are suspended. They vary considerably in si*e (diameter • 
between 0*0012" and 0*0018"), and rarely in fresh milk attain the diameter of 0*0038"* 
Without the addition of reagents, they appear merely as globules of hit 

Henle first proved the existence of an external envelope ; he added acetic add to the 
milk, and found that the shapes of the globulos were thereby distorted. M i tsoherl ich 
found that the globules were not dissolved when milk was shaken up with other, which 
would have been the case if they were a simplo emulsion of fat ; if, however, caustic potash 
or carbonate of potassium, which dissolves the envelope, was previously added, Uio fat 
was then dissolved by ether. Lehmann also remarked that the surface of the 
globules th milk merely treated with ether, appeared less transparent, turbid, and 
wrinkled, as if it had been coagulated ; the ether took up the fat on the addition of 
phosphate of sodium. Molcschott acted on the coagulum, obtained by adding 
•alcohol to milk, with acetic acid, and extracted the fat with ether ; there remained 
many unbroken fat envelopes in the form of little vesicles, which he was able to fill 
with an ethereal solution of chlorophyll; they contained no fat. From this ho not only 
proved the existence of the fat envelopes, hut concluded also that they are organised. 
{ZeiUchr.fr. Physiol. Hiilk. xi. p. 696-708.) 

Another kind of morphological elements, the so-called gran til or bodies {corps 
granuleux t Colostrumkorperchen ), occurs in the colostrum (the milk Hocreted during 
the first two or three days after parturition). They consist of irregular conglomerations 
of very small fat-vesicles, united by an amorphous and somewhat granular substance. 
Their diameter = about 0*0111" (Ilenle), but varies between 0*0003" and 0*0232". 
Their fat is much mow easily dissolved by ether than that of nnlk-gluhules. They are 
destroyed by potash or by acetic acid ; iodine-water imparts an intensely yellow 
colour to them ; hence they consist of very small globules of fat indxdded in an 
albuminous substance. They are found in human milk up to tho third or fourth day 
after child-birth, sometimes, however, as late as 20 days after. Mole schott found in 
the colostrum of cows, together with milk-globules, five different kinds of grauular 
bodies and globules (loc. cit.). 

Human colostrum is at first yellow, on the first and second day ; it then becomes 
lighter, and on the third or fourth dsy Ix-eomos white. According to G. Veit, in the 
passage of colostrum to milk, the milk-globules (which cohere in the colostrum) lose 
this property, and the largest (above 0 00166" in diameter) disappear, whon a richer 
secretion is formed, and albumin ceases to bo present in the milk. The secretion of 
normal milk begins on the fourth day at the earliest, but generally between tho sixth 
and tenth day. 

Epithelium- cells and mucus- gh>btdis an* of only accidental occurrence in milk. 

Fibrin occurs only when the milk contains blood. 

Sometimes infiisoria or plants low in the scale of organisation are found in blue 
cow's milk, and in that of women (Vogel). T. Fuchs ascribes the blue colour of 
milk to an infusorium which ho calls Vibrio cyanngcneus ; Bai 11 eul ascribes it to a 
Byssus. 

Analysis. — The analysis of milk is attended with considerable difficulties. It is 
almost impossible to obtain a perfectly dry residue by evaporation, since the casein, 
saturated with fat, forms crusts which are imj>ermeablo to steam, and these are often 
burst asunder, thereby occasioning loss. The casein is not completely precipitated by 
acetic acid, part remaining in solution ; neither does dried casein part, with all its fat 
to ether. 

The casein may l>e approximately estimated by evaporating milk on a water-bath or 
in vacuo, almost to dryness, adding acetic acid, and extracting the dried residue succes- 
sively with ether, alcohol, and water (Scherer and I) umas) — or one-fifth of its weight 
of powdered gypsum is stirred up with the milk before evaporation, whereby spirting is 
avoided, the casein becomes insoluble in all solvents, and t he dried residue is rendered 
easily pulverisnble. The fat may then be extracted by ether and alcohol. The solid 
residue is determined by evaporating 1 to 3 grammes of milk in vacuo, or in a water- 
bath, and drying the residue in an air-bath, or in vacuo at 120°. In order to determine 
the ash, the dried substance muHt be ignited in oxygen gas. (Haidlen.) 

Sugar. — The milk for this purpose must not be acid. To determine the sugar, the 
liquid may be employed which is left when casein is precipitated by stilph*Utf|bf 
magnesium or chloride of calcium, and the excess of base precipitated by potash ; or Hie 
alcoholic extract obtained in Haidlen’s method of estimating casein may lie used. The 
amount of sugar is determined bv Fehling's sugar-test, or by polarised light* * 

Baumhauer (J. pr. Chem. fxxxiv. 146; Jahresb. 1861, p. 873) evspamfot thfi 
milk in paper-filters nearly filled with pure sand or pulverised quartz, previously qn&r 
washed with hydrochloric acid and igaited. The filters are first dried by exposjjjtgt, 
them to a current of air at 110°, on a stand of peculiar construction which aUoWQ iS 
V«L.m. 3T 
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entire surface of the paper to be exposed lo the action of the air ; 10 c. % of each 
■ample of milk is then poured upon them, taking care to distribute the milk uniifyrn^y 
- over the surface of the sand and not to wet the outer edp;e. The stand with'' the Jtjjtar 
is then exposed in the drying chamber to a current of air heated to 6(fi* — 70.% 
escaping air no longer deposits moisture, after which the 'temperature is gnu$qp|y . 
raised to 105° and kept at that point for half an hour, and the alters are Anally left to/ 
cool for an hour over chloride of calcium, and weighed : this determines the totgk. 
amount of solid constituents in the milk. To estimate the fat, the dried Altars. 
drenched with anhydrous ether in funnels closed at top with glass plates 
their beaks provided with spring-damps; the ether after half an honyV 
allqwedtorun by opening the spring-clamps, this operation being twice 
Alters are rinsed two or three times with ether, then dried ana weighe^'^^nUnves 
the quantity of fat. The sugar and soluble salts are next dissdlv^cl^&t 
lar manner with warm water (about 90 c. e.), and the total quantity of 
removed is determined by again drying and weighing the Alter. The quajrotaf sugar 
in the aqueous solution is then determined by titration with a stunda^ ^Bpnc £0*$?' 
tion, and the difference gives the amount of soluble salts. The sqm oftnff amounts 
of fat, sugar, and soluble salts, deducted from the total quantity of solid matter 
previously determined, gives the quantity of insoluble salts and casein (the ctikein is, 
nowever, slightly soluble). To determine the total quantity of inorganic constituents, 
a known quantity of the milk (slightly acidulated with acetic acid) 4s evaporated to 
dryness over the water-bath and the residue is concentrated. 

The following are analyses of human milk at different periods after child-birth, 
also of the milk of different animals. 

Human milk. 


Vernola and 
JBecquerel. 
Normal. 

Water . . « 889-08 

Sugar . . . . 4364 

Casein and extractive matters 39'24 
Butter . . . . 26-66 

Salts (ash) . . . 138 

Solid constituents . . „ 


4th dny after 
delivery. 

879*848 

41135 

35-333 

42-968 

2095 

120-152 


9th. 

885-818 
42-979 
36-912 
f 35-316 
1-691 
114182 


lltb. 
905*809 
81*537 
39ulf 
33-45* 
i »i* . 
94-1OT , 


Chevnllffer 
and Henry. 


Chevalller and Henry. 

* , 

tt. Ass. Goat, 


Water 


9 


. 870-6 

879-8 

87 02 

91-65 


Sugar 


. 


. 63-4 

650 

4-77 

6'08 


Casein 


. 


9-5 

15 2 

4-48 

1-82 


Butter 




. 520 

35-5 

313 

01 f 


Salts . 


, 


4-5 

4 6 

0*60 

0-34 

052 

Solid constituents 


„ 129-4 

120-2 

10000 

100*00 

100*00 


Chevalller 
nnd Henry. 
Ewe, 


Simon. 

Human 

coloitrum. 


Filhol and Joly.J 
Ewe. 


Water 


. . 85-62 

89*33 

228-0 

82-50 

75*40 


Sugar 


. . 600 

8-75 j 

70 0 

5-36 

4-37 


Casein 


. . 4-50 

1-62 *. 

40-0 

7-90 

0-02 

; ; 

Butter 


. . 4*20 

0-20 

50-0 

3-70 



Salts . 


. . s 0*68 

t 

'31 

0*5# . 

jm 

Saji 


* "100-00 10*000 172-0 ( Sobd. wnstijmifilijp^ 

Ewe's milk is thus the richest of all milks ; that of the goat is bn^bltle Insi^r toi 
Human and cow’s milk stand pretty close to one another, and bUse therdmi may.1 
easily sub#yiu t»ft2 ir tho first ; cow’s milk is, however, decidedly riefecr m tmgellk Aft 


f J 

.'* 35 **a 
4 " 


the ass and mare are the poorest of all ; they contain very amaj 
And of casein, but are proportionally richer in sugar. The 
iStre from that of the herbivora by an almost total absence of shgaUek 
portion of fat. ^ 


risen analyses made at different periods, with the milk of the same w<mmm 
salts were weighed with gm casein, the soluble with the sugar i they 3 

Will's, Jahresb. 1958,664. ^ 
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Constituents of Milk . 

■ ' Guem (see i. 810). Simon found 4 0 per cent casein in human colostrum, and 2’16 
j^weafei in the milk six days after delivery. Milk varies in composition at different 
qHpi of the day. In the case of two cows fed with hay, oat-straw, beet-root oil-cake, 
alia bean-pods, the milk obtained in the morning (4 x.w.) contained 3*88 ana 2*81 per 
cent casein ; mid-day, 2*33 and 2 38 respectively. In another case, the milk contained, 
la the morning, 2*24 and 2*28 ; at mid-day, 2 37 and 2*36 ; in the evening (7 r.M.), 3*70 
afed 2*71 per cent, casein respectively (Struckmann and Bddeker), Heynsius 
|fend the firstporti on of cow’s milk ridber in casein than the last portions Accord* 
jSpTOOfl 1 and Becquerel, the amount of casein in human milk varies directly 
yielded ; in cow's milk, inversely as the quantity. The milk of 
about 0*3 per cent more casein than that of blondes. Women of 
feebll^^totioQ yield almost normal milk, while those of vigorous constitution yield 
’milk poovjuin ewein. In acute dietaec*, out of 19 omvh, the average percentage of 
ImdS-m p 8*040 per cent. (3 291 — 5*671) ; and in 27 cases of chroma diseases, 3*257 
per cent* {2*82I--“3*989) (V c r n o i s and Becquerel). The milk of nurses between 
15 a$d 20 yeate old contains 5 574 i*>r cent, casein and extractive matter; 20—26, 
3*873 perccnt, ; 26—30, 3*653 percent. ; 30 — 35, 4*233 percent. ; 35 — 40, 4*207 percent. 
An albuminous substance has boon met with in milk, and especially in colostrum, 
which if pot coagulated by rennet, but is precipitated by boiling. This is supposed to 
be dUntmin. O. Veit re mu rked that the colostrum of women, up to the third day 
after delivery, coagulated entirely or in part ou heating. It afterwards lost this pro- 
perty. The nitrate obtained from the acid colostrum of the cow, after adding chloride 
of sodium, gave no turbidity with ucetic acid, but yielded a precipitate with tannin, 
with alootuH, and by heat; ou adding ammonia and boiling, an abundant precipitate 
was formed, but the liquid remained unchangtd when treated in the same way with 
aeetieacid. Hence albumin must have been present (Moleschott). Vernolsand 
Becquerel found, in the milk of the buffalo-cow and of the goat, 1*3 per cent, albumin. 
Heynsius found 0*5 per cent, albumin in cow’s milk previously coagulated with acetic 
add; it wa* precipitated by boiling ; but if the milk was previously boiled and coagu- 
lated by acetic acid at 40° C., no turbidity was produced in the filtrate by acetic acid 
~klf,by boiling. Albumin is also found in milk in inflammatory diseases of the mammary 
glands, and when it contains blood and pun. Nevertheless, it must be remarked that 
* Scherer prepared a kind of casein from normal milk, which coagulated by heat; 
while canine milk sometimes becomes thick on heating, but returns to its previous state 
OU pooling. (Dumas.) 

Fait. The fat of human milk lias not been examined qualitatively with any degree 
of exactness. The butter of cow’s milk has however been more particularly investi- 
gated. Pure milk-fat is a colourless or very pale yellow substance, solidifying at 
26*5°, whereupon the temperature rises to 32°. It is soft and sticky above 18°. 
Dissolves in 28*9 pts. of boiling alcohol of specific gravity 0*822. It readily becomes 
rancid on exposure to the air, yielding volatile fatty acidH, and then decidedly reddens 
litmus. It may be completely saponified, and them yields, together with glycerin, mar- 
garic, oleic, capric, capryiic, eanroic, and butyric acids, or instead of the two last, 
vaecinic acid (Lerch), or, according to ITeintz, oleic and butic ( melting-point 
■» 60*75° C.), stearic, palmitic, and myristie acids (ChovreuI, fiur les Corps gras , 
^1822 ; Bromeis, Ann. Ch. Pharm. xlii. 46, &o. ; Heintz, Ann. Oh. Pharm. Ixxxviii. 
*800, 304 ; Pogg. Ann. xc. 137J. Brom eis reckons the composition of butter according 
» |0 the quantities of acid found =» 68 per cent, margarin, 30 per cent, elain, anti 
8 per oeot. peculiar butter fat ; but the comfom-nrn of butler seem to vary considerably. 
*»>.*■' - . •• 

Percentage of Fat in different kinds of Milk. 


' i Human* 

2*58--W& (fifason). 

4‘582 ; -^345 (Clemm). 

B*56 (GhdwUliaAnd Henry). 

8*668 (0*666-*-6*642) (Vernois and 
' Becquerel )., 

: 0 ' v Cow. 

£8*80^-6*10 (Simon). 
t: 8*13 (Chevallier and Henry). 


3 *90 (Bonsai ngairlt). * 

4*38 (Poggiale). ^Average of 10 analya 
8*4 (Buffalo cow,) { (Vernois and 
3*61 (Paris cow.)* { Becquerel). 

Mare, 

6*962 (Clemm). 

2*44 (Vernois and Bocq ueUfl 


r dsvs. Idas diri, sad twelve day* after birth raseaetlvetjr. 

los HSfisr Ilea. Chen. Pharm. eviil. 64) foontfin tbs milk from tbs enlarl 

lbs snStuJIl amount per cent. C-t. 
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Ass. 

121 (Simon). 

1*29 (Peligot), 

1*85 (Vernois and Becquerel). 
Ewe. 

4*20 (Chevallier and Henry t 
513 (Vernois and Becquerel). 

Sow. 

1*93 (H. Scheven). 


Goat, 

4*08 (Payenl 

3 32 (Chevallier and Henry). 
5*69 (Vernois and Becquerel). 


Bitch. 

13*3 (Simon). 

7 '32 — 12*40 (Dumas). 

8*80 (Vernois and Becquerel^ 


Simon found 6*00 per cent, fat in human colostrum, and, us well as Boussingault* 
2*60 per cent, in the colostrum of the cow. According to I/Heritier, the milk of 
brunettes contains 5*63 — 6 48 per cent, fat, while that of blondes contains only 8*55—. 
4 *05. Vernois and Becquerel found the contrary. According to them, the percent- 
age of fat varies with age ; the milk of women from 15 — 20 contains 3*738 per cent. ; 
20- 25, 2*821 per cent. ; 25—30, 2*348 per cent. ; 30—35, 2*864 per cent. ; and from 
35—40, 2*233 per cent. It increases by nearly 0*3 per cent, during the period of men- 
struation. The percentage of butter varies inversely as the quantity of milk produced. 
It decreases with imperfect nutrition. 

Milk contains different proportions of fat according to the time of day at which it 
is obtained. The milk of a cow contained in the morning 2*17 per cent. ; at midday, 
2*63 per cent., -and in the evening, 6*42 per cent. (Struckmann and Bodeker). It 
has been remarked that the first portions of milk are less rich in fat than the last por- 
tions, from which it is concluded that milk deposits cream in the udder, and that the 
fat-globules adhere to the sides of the milk-passages in the smaller glandular canals of 
the udder and teats. This difference has not been observed in human milk. Par me n- 
tier found the first portion of cow’s milk three-fourths poorer in butter than the last. 
According to Vernois and Becquerel, the amount of fat in human milk increases 
during the first two months after delivery, but decreases between the fifth and sixth, as 
well as between the tenth and eleventh month. The kind of food has also a considerable 
influence on the percentage of fat in milk. The milk of a cow fed upon ordinary food 
contains 3*63 per cent, fat ; on sesame bran, 4*87 per cent. Dumas found that canine 
milk was on the whole richer in fat when the animal was fed with vegetable than with 
animal food. In disease, Vernois and Becquerel found that the percentage of fat 
was sometimes increased, sometimes diminished. A consumptive cow yielded 10*73 
per cent, butter. In enteritis, human milk was found to contain 3*153 per cent. fat> 
in pleurisy, 2*77 per cent. ; in colitis, 5*412 per cent . ; in delirium and fever, 0*514 
cent. ; typhus, 0*909 per cent. 

Sugar of Milk ( Lactin ) : 


Percentage of Sugar in different kinds of Milk. 


Human. 

3 2 — 6*24 (Simon, Clemm, Haidlen). 
4*364 (2*622 — 5*965) (Vernois and 
Becquerel). 

Cow. 

3*4 — 4*3 (Simon, &c.). 

4*26 — 4*61 (Struckmann and Bodeker). 
5*28 (average ; Poggiale). 

3*80 (Vernois and Becquerel). 

Ass. 

6*06 (Vernois and Becquerel). 

4*6 (Simon, See.). 

. * Mart. 

8*7 (Simon, &o.). 

3*28 (Vernois and Becquerel). 


Goat. 

4*4 (Simon, &c.). 

3*69 (Vernois and Becquerel). 

Ewe. 

4*2 (Simon, See.). 

"8*94 (Vernois and Becquerel), 


Sow. 

3*02—3*04 (Scheven). 

Canine. 

1 *63 (Vernois and Becquerel). 
2*40 (Poggiale). 


Hulk of brunettes contains 7*00 and 7*12 per cent, milk-i 
8 and 6*40 per cent (L’Heritier). According to Vernois 
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brunette* contain* 4 56 ; blonde*. 4-47. Simon found 7 per e*nt, milk-anger in human 
colostrum; in the milk eix days after birth, 6 24 per rent. ; afterward* the quantity de- 
creased. The kind of food influences the percentage of milk-sugar to a certain extent 
Banach found that it almost disappeared from canine milk when the animal was fed 
exclusively with meat; on substituting vegetable food, the quantity of milk-sugar 
increased considerably. Poggiale found in tho milk of a bitch fed with meat 
and bread, 2*89 per cent, milk-sugar, but after the animal hud Wn fed exclusively 
on meat for 21 days, only 1*82 per cent* Aocording to the observations of Si in on 
and of Vernois and Becquerel, rich or poor nourishment does not sensibly affect 
the norrgfitnirir nf lac tin ; it vurios as tho quantity of milk. The milk of women from 
16 to 20 years old 1 contains 3 623 per cent, milk-sugar ; from 20 — 26, 4- 4 72 per cent ; 
2IJ1—30, 4-577 per cent. ; 30—35. 3 953 per cent, ; 35-40, 3 960 per cent. In the first 
- month after birth, the quantity of sugar in the milk decreases, but it increases con- 
siderably from the eighth to the tenth month (Vernois and Becquerel). Iho will* 

! of a cow yielded in the morning 4 30 per cent, sugar; at midday, 4*72 |>er cent, ; mine 
evening, 419 (Struckmann and Bbdeker). Hevn si us found that the lost 
portions of eow*s milk contained less sugar thun the first According to Simon, 
Don n 6 and others, the percentage of sugar does not sensibly vary in disease. Accord- 
ing to Vernois and Becquerel, this is the case only with cArrmic diseases, whereof 
in 27 cases the average amount was 4 ’337 per cent. ; in acute diseases, only 3*310 
(19 coses). 

Saits. The soluble salts of milk consist of chloride of sodium, chloride of potassium, 
alkaline phosphates, and soda and potash combined with the casein ; the inso- 
luble of phosphates of calcium and magnesium, chiefly combined with casein i; sulphuric 
acid and ammonia-salts are not contained in fresh milk. II aid leu, Schoven, enu 
others have found a little ferric oxide in milk. 


Percentage of Ash in different kinds of Milk. 


Human. 

•r 16 — 0*25 (most chemists). 

0*138 ( 0 * 056 — 0 * 338 ) (Vernois and 
Becquerel). 

Cow. 

0-66—0-85 

0-66 (Vernois and Becquerel). 
Bitch. 

1 2— 1*5 

0*78 (Vernois and Becquerel). 

1*63 — 208 (Poggiale), 

Goat. 

0*62 (Vernois and Becquerel). 


100 (Schoven). 

Ass. 

0-62 (Vernois and Becquerel). 

Mare. 

0 52 (Vernois and Becquerel). 

Sheep. 

072 (Vernois and Becquerel). 


Vd«»n a and Becauerel found in the milk of women from 16— 20 years old, 0*180 
pj^nt . ^7*0-T 0-143; 28-30. 0146; 30-36, 0 144, 36-40, 0 106 p« 

cent. . n.fii nont. rmH i at middav. 0*72 : and 


W Th„ milk of * cow yielded in the morning 0 83 per cent, ash ; at midd*y, 0 72 ; and 
lhomiiKor j Bodeker). Hey n si us found slightly less ash 

!n the CZnio 1 fl^t ^on of W. milk ; 'but tL soluble and in^uble salt, 
remained in the same relations to one another. The first portions 
oer cent, salts; the last, 0*69 per cent. V ernois and Becquerel found that the 
perm mum, ”■ . ' . v, rfh in chronic and in acute diseases (0*173 and 

^9; typhus, 

^ 1 alts is Generally nearly the same as if insoluble. In human 

< l t> * ? n . a a.o cent soluble salts ; in eow’s milk, 0*21 per esnt soluble And 


cium* 9*8 
cent. of o 


mill O V MT COUUi r - f * _ 

cent* chloride of sodium, 7*4 per cent sulphate of 

sails. 


tout apA ft 
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Milk, at least that of the cow, contains alkaline carbonates. When milk is treated 
with acetic acid, it evolves more gas (carbonic acid) in vacuo than the same milk with- 
out acid. (Lehmann.) 

The amount of extractive, matter in milk , as well as its nature, is unknown. 

Lactic acid is not supposed to exist in fresh milk. Whether the milk owes ils 
occasionally acid reaction to lactic or butyric acid, or to acid phosphates, is uncertain. 

Bees found urea in the milk of a woman suffering from albuminuria ; also Picard, 
in the milk of a woman whose urine contained no albumin. 

Free gases, especially carbonic acid, are always present in fresh milk. (Lehmann.) 

Lehmann considers albumin to be ;m abnormal constituent of milk. 

Marchand found h&matin dissolved in the milk of a sick cow, but no blood cells. 

Glucose appears to pass into the milk from the blood, but converted intp lactin ; 
iodide of potassium and free iodine pass into the milk. 

^ftlilk is coagulated by acids, alum, and various other salts ; also by tannin, alcohol, 
and wood-spirit. 

Colostrum generally forms a turbid, yellowish liquid resembling soap-suds, of sticky 
consistence and strongly alkaline reaction. It undergoes lactic fermentation more easily 
than milk, and contains more solid constituents ; in the milk of cows, asses, and goats, 
casein is chiefly in excess; in human milk, lactin. It contains albumin to a consider- 
able amount. Vernois and Becquerel found in human colostrum 1 — 6 days after 
delivery, 12*28 percent, solid residue (4*54 per cent, casein, 3*58 per cent, fat, 4*01 per 
cent. lactin, and 0*16 per cent, salts). Simon found 16 per cent, solid residue in 
the colostrum of a cow, and 14 to 15 per cent, in the milk. Crusius found in the 
colostrum of a cow immediately after calving, 38*4 per cent, dry residue ; the next 
day, 30*1 per cent.; the second day, 23*1 per cent.; and afterwards in the milk, 12*5 
per cent. 

Human milk is more bluish than cow’s milk and has a sweeter taste, reacts strongly 
alkaline, and acidifies less easily than other milks. Specific gravity = between 1*030 
and 1*08,4 (1*02561 and 1*04648, Vernois and Becquerel). It eontains from 11 to 
13 per cent, solid constituents. It is less easily and completely coagulated by rennet, 
the coagttlum is not so gelatinous, nor so firm and solid as that of cow’s milk, and it 
is also more digestible. Its fat contains more elain than common butter. Healthy 
children of both sexes discharge from the seventh to the twelfth day of their birth a 
white secretion from the breast ( Hrscenmilch ), either alkaline or neutral, and containing 
milk, but ilo colostrum -globules. According to Guillot, this secretion has pretty much 
the composition of human milk. 

Cow's milk has generally a pure white or yellowish-white colour. Its specific gravity 
varieB between 1*030 and 1*039 (Simon), 1-0302 and 1*0396 (V. and B.). It contains 
on an Average between 13 and 14 per cent, solid matter (12*29 — 16*5). 

Mart's milk is white. Specific gravity ™ between 1*034 and 1*045 (1 0203, Cleinm; 
1*0337, V. and B.). It yields 16*2 per cent. (9*57, V. and B.) solid residue. 

Ass’s milk is white; sweeter than cow's milk. Specific gravity between 1*023 
and 1*035 ( =» 1*0346, V. and B. ), Contains between 91 6 and 9*53 per cent, solid 
matter (l0*99, V. and B.). It readily turns acid, and easily undergoes alcoholic fer 
mentation. 

Goafs milk is white, of insipid sweetish taste and peculiar odour. Specific gravity 
about, 1*036 (1*0325, V. and B.). Contains between 13*2 and 14*5 per Cent, solid 
residue (15*51, V. and B.). On coagulation, its casein forms thick clots. 

Ewds milk is thiekieh, white, of agreeable taste and smell. Specific gravity — 
between 1 ; 035 And 1*041. Contains 14*38 per sent- (16*77 per cent., V. and solid 
constituents. ~ 

Sow's milk Cohtains between 14*51 and 11*83 sh}td matter. 

Canine milk is rather thick, and becomes thicker on warming when it does not co- 
agulate. Specific gravity * between 1 033 and 1*036. Contains between 22*48 and 
27*46 solid feeidtte. On evaporation, the latter is converted into grupe-sngar, and the 
solid residue absorbs much oxygen from the air. (BenBch.) 

The milk of women Confined forth© first time, contains more water than the milk of 
women who hate had several children. The milk of cows Varies much according to the 
locality; that ofeows in the neighbourhood of Paris contains from 3*6 to 8*7 per cent- 
fat ; of Tyrolean* Swiss and Dutch cows, between 7*0 and 9*8 per cent. The compo- 
sition of cow's milk in the first, third, fourth, fifth and sixth, months is pretty much 
the same, varying between 12*27 and 14*20 per cent, solid matter. In the first month 
it contains 13*29 per cent, residue, 4*80 per cent, casein, 4*26 percent- butter, 3*67 per 
cent, lactin, ahd 0*66 per cent, salts; in the second month, 17*32 per cent, solid residue, 
6*61 per cent, casein, 7*06 per cent, butter, 3*87 per cent, lactin, mid 0*67 percent 
salts ; in the eighth month, 24*73 per cent, residue, 1 1*60 percent- casein, 4*41 per cent, 
batter, 7*67 per dent, lactin, and 1*16 per cent, salts, (V ernois and BecquereL) 
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T he mOk of a consumptive cow yielded a large quantity of cream, bat did not ooegu* 
lata either by rennet or on boiling. It contained 24*97 per cent solid residue, 10*13 
per cent casein and insoluble salts, 10*73 per cent butter, 4*09 per cent, lac tin, and 
soluble salts. 

Milk is the most indigestible of nil uncongulated albuminoids ; its solubility in the 
gastric juice depends upon the consistence of its coagulant. Human milk is more 
readily digested than cow’s milk. Frerichs found that. 2$ hours atler he had fed a dog 
with milk, all had disappeared from the stomach except a few flakes, very rich in 
fat Milk introduced into the stomach was instantly coagulated, and the serum waa 
rapidly absorbed, while the coagulum formed bulky and more or less hard clots. The 
digestion of milk does not begin, properly speaking, until the liquid portion has been 
absorbed. 

Thomson has shown that the percentage of fat in milk is in no way dependent 
upon the amount of sugar in the food. 

Bonsch has remarked, and his experiments have been confirmed by Poggialc, 
that the milk of bitches fed exclusively on meat still contained milk-sugar, allowing 
that sugar is formed in the organism from albuminoids. 

Cow’s milk contains 30 pts. unnitrogenised substances for every 10 plastic; human 
milk 40 pts. unnitrogenised for every 10 plastic (Liebig). Cow s milk contains 3*79 
per cent, nitrogen ; human milk 1*59 per oent. A cow yields in 24 hours about 6^ 
litres or about 6 kgr. of milk. 

With respect to the generation of milk, Lehmann and others do not suppose that 
the constituents of milk arc derived directly from the blood. Neither casein nor laetin 
has been detected in blood. The augur of blood is fermentable. Fat might, transude 
from the blood, but it is not probable that it does so ; since cholesterin, which tran- 
sudes with much facility, is not found in milk, and little if any butyrin in found, iu 
blood. The composition of the milk-salts also (lifters widely from that of the Balts of 
blood-serum. 

Tests for milk : adulteration 8 . — Fresh milk ought not to change its nppoaWlftO* on 
boiling. Sour milk deposits clots, or partly coagulates on boiling. A simpKt Instru- 
ment, called a lactometer, for roughly estimating the amount of cream in milk, 
has been constructed by Banks. It consist* of a glass tube huvinpjan internal diame- 
ter of 4 centimetres, and about 17 centimetres high. A circular ring scratched on the 
glass indicates a capacity of two decilitres. Above this line 30 small divisions are 
made, each indicating T £ n th of the total capacity of the vessel up to the highest division 
marked 0°. The vessel is filled up to 0° and allowed to stand for 24 hours ; the thickness of 
the stratum of cream may then be read oft*. Anot her met hod is that of 1) o n n & . JI e has 
invented an instrument called a galactoscope, which iruiasurcs the opacity of milk; 
the greater opacity indicating more fat-globules, and thus a greater amount of butter. 
Jt consists of a tube with a glass piste fitted at one end, and at the other ft movable 
glass plate. The milk is introduced by moans of a small funnel, and the tube is length- 
ened by screwing out the movable plute until the liquid no longer transmits the light 
of a lamp placed at a certain distance. The plate is then screwed in until the light of 
the lamp is rendered just visible. According to Doling, milk which removes the 
plate by 27°, indicates 3*627 per cent, butter; 31°, 2*80 per cent, butter. 40° to 36° of 
the galactoscope ■» 6 per cent, cream (jx>or milk) ; 3 5° to 3(t° «* 6*10 per cent, cream 
(common milk); 30° to 25° « 10 to 16 per cent, cream (good milk); 26° to 20° *» 
(15 to 20 por cent, cream (very rich milk) ; and 20° to 16° indicates an exceedingly 
rich milk, tho last portion from the cow. 

The most common adulterations of milk are the following -Milk obtained tho day 
before is creamed, in older to hcII the cream separately ; sometimes the creamed milk 
is mixed with fresh milk, and about half its own volume or more of water is added to 
the mixture. Sometimes a colouring matter, such as brown ext ract of chicory, caramel, 
&c., is added to disguise the bluish colour of milk thus adulterated. The colouring 
matter remains in the scrum when the milk is coagulated, and may then be detected 
(Payenh Flour, starch, and finely-powdered chalk are also used to adulterate milk* 
As the chalk readily subsides, it may then lie recognised by its effervescing with hy- 
drochloric acid. Tne starch-granules may be readily detected under the microscope, 
and distinguished from the milk-globules ; if a polarising apparatus ** admsted to the 
microscope, each of the granules will appear marked with a,black cross. The addition 
of tincture o t iodine will also indicate the presence of starch, by hnpaffeng to it the 
characteristic blue colour. The macerated brains of sheep and other Animals are mdd 
to be sometimes added to milk. In this case, the microscope Would readily detect toft 
presence of fragments of nerve and other organised structures, which aare not present ill 
pure milk. The addition of water is not so easily detected, since if cream has been 
taken from the milk, its specific gravity will increase, while the addition of wstif . 
a gain fowurs it It may however be detected by the galactoscope, if no stanch Of 
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brains have been added. The milk of diseased animals is sometimes s<>$MBi|jji|tedlj 
has a disagreeable taste and smell, as well as a slightly vi& fd appearaSsE^jjtt* or 
mucus globules will be detected in it under the microscope. ' '*'•{£** 

According to Baumhauer ( loc . cit.) all determinations of the comparative purity 
of milk by instruments like those above described, are very inaccurate ; he gives as the 
result of determinations made by his own method above described (p. 1016), that all 
milk may be regarded as adulterated with water, which gives less than 1 10 grms. of solid 

Tcsidue per litre (or 1928 grs about 3 oz. troy — per quart). The minimum quantity 

of butter in normal cow’s milk is 22 grms. per litre (or 396 grs. per quart). Milk may 
be regarded as creamed, when the proportion of butter is less than £th of the total weight 
of solid matter. 

Further information will be found in the following works : 

Graelin, Handb. d. Chemie , viii. [2] pp. 246-273; Lehmann, Lehrb. d. . Phys. 
Chem. 1863, ii. pp. 287-301, the same translated by G. Day, vol. ii. pp. 332-348; 
Scherer, Handwdrterb. d. Physiol, ii. 449-475 ; Simon, Die Frauenmileh, jJ-c.,, Berlin, 
1838 ; Vernois and A. Becquerel, Ann. cChygikne , April, 1853, and Dulait chez la 
femme dans t Slat de santk et dans Vetat de maladie, Paris, 1853; Payen, Substances 
alimentaires ; Bowman, Medical Chemistry ; Pelouze et Fr6my, Traitk de Chimie 
Gknkrale , 2me. ed. Paris, 1857, p. 195. See also the several volumes of Kopp’s 
Jahrcsbericht. C. E. L. 

MILK QUARTZ. See Quartz. 

MILX-SUOAR. C‘ 2 H 22 O n . — Called Lactin by Pasteur, Lactose by Dumas. 
Pasteur, on the other hand, applies the term lactose to a product of the decomposition 
of milk-sugar (see p. 1022). 

This compound, the saccharine constituent of milk, was tirst prepared by F abri zio 
Bartlholot ti, in 1619, from whey, thence called Manna or Nitrum serilact/s, 
and afterwards, Galacticum Barthofetti. It has been chiefly examined by Bouillon 
Lagrangeand Vogel (J.Phys. Ixxii. 208), Berzelius (Ann. Chim. xcv. 67), Bensch 
(Ann. Ch. Pharm. lxi. 221), Vohl {ibid. lxx. 360), Winckler (Repert. Pharm. xlii. 
46), Krause and St.adeler (Mitth. d. naturf. Gesellscli. in Zurich, 1854, p. 473), 
Lieben ( J. pr. Chem. lxviii. 407), Pasteur {ibid, lxviii. 427), Dubrunfraut {ibid. 
lxviii. 422), Luboldt {ibid, lxxvii. 282), and Berthelot (Ann. Ch. Phys. [3] liv. 82; 
lx. 98); see also Gm. xv. 217 ; Gerh. ii. 563. 

Milk-sugar has been found only in the milk of mammalia ; it may, however, have 
been confounded in some cases with glucose, the presence of which has been detected 
in the blood, in the liver, and in the eggs of birds. It has not yet been formed 
artificially from any other compound. 

It is extracted by treating milk with dilute sulphuric acid, or calf’s rennet, to pre 
cipitate the curd, then filtering, and evaporating the whey to the crystallising point. 
This product is purified by treatment with auimal charcoal and repeated crystallisation ; 
finally, according to Krause and Stadeler, by repeatedly precipitating the aqueous 
solution with alcohol. In some localities, especially in Switzerland, milk-sugar is pre- 
pared on the large scale from the whey obtained in the fabrication of cheese. 

Milk-sugar is deposited, from its aqueous solution in hemihedral trimetric crystals, 

exhibiting the combination oof® . ■? . oP . 2foo . Angle oP: 2?oo = 109° 39'; oP : ? 

=» 101° 41\ Ratio of axes, a : b : c = 0 6215 : 1 : 0 2193 (Schabus). It is white, 
semi-transparent, hard, and grates between the tfeeth. The crystals, which contain 
C«*H w O m .H* 0, do not give off any water at ^400°, but the whole, amounting to 5*08 
per cent. (1 at. <=» 5 00 per cent.) at 130°, o/ more quickly between 140° and 150°, 
The anhydrous milk-sugar which remains, forms a colourless melted mass, which soli- 
difies in the crystalline state on cooling. 

Crystallised milk-sugar is slightly hygroscopic, and dissolves in 5 or 6 pts. of cold, and 
pts. of boiling water. The saturated solution produced by prolonged contact of 
water with excess of milk-sugar at 10°, has a density of 1055, contains 14*65 per 
cent, crystallised milk-sugar, and when left to evaporate, begins to deposit crystals as 
soon as it attains the density of 1 063 and contains 21*64 per cent, milk-sugar. The 
aqueous solution turns the plane of polarisation to the right Dextro-rotatory power 
for the transition-tint, fa] — 69*3° (Berthelot); 60*28° (Biot). According to 
Poggialo, 201*9 pts. of milk-sugar produce the same deviation as 164*7 pts. cane-sugar. 
The dextro-rotatory power of a recently prepared solution of milk-sugar is greater in 
the ratio of 8 : 5V than that of the same solution after standing for some time or after 
being heated. The rotatory power diminishes slowly at 0°, more quickly on heating 
and at the boiling heat it diminishes in two minutes to 56 * 4 ° for crystallised milk- 
sugar. (£. O. Erdmann, Jahresb. 1856, p. 671.) 
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insolublo in alcohol and in ether, but dissolve! readily in distilled 
tww fj^PM Pwtflisiiig out unaltered on evaporation. 

JJseontpmtions. — l. Dry milk-sugar turns brown when heated to about 160°, without 
fusing, slid at 175° gives off water, and yields laetocaram el, At 203° it 

melts, and at a higher temperature yields humus-like substances. — 2. Milk-sugar boiled 
with dUuU sulphuric acid is converted into lactose ( vid. inf.) ; the same transformation 
appears also to be produced by prolonged boiling with water. — 3. String sulphuric 
or hydrochloric acid, and alkalis, dt^ccmponc it, especially when heated, with for- 
mation of brown or black products. — 4. Milk-sugar is easily decomposed by oxidising 
(Ujints. It reduces metallic silver from silver-solutions (Liebig, Ann. Ch. Pharm. 
xcviii. 132). A solution of milk-sugar mixed with potash dissolves cupric hydrate , 
forming a deep blue solution which deposits cuprous oxide, even in the cold. From a 
solution of potassio-cupric tartrate, it throws dow n a smaller quantity of cuprous oxide 
(ul*>ut T ^), than glucose (ii. 860). Distilled with oxidising mixtures, such as sulphuric 
acid and peroxide of via tty a lose, it yields formic acid. With nitric acid , H forms 
mucic, saccharic, tartaric, and a small quantity of racemic acid, ami finally oxalic acid. 

Very strotig nitric acid or u mixture of nttric and sulphuric acuh converts milk-sugar 
into a substitution-product called ni tro-lact in, which is precipitated from the acid 
solution by water, and crystallises from alcoholic solution in nacreous laminm deton- 
ating when heated. (Iieinsch; Vohl, Jahresb. 1845), p. 470.) 

When milk-sugar is heated to 100° for some hours with bromine and water, there is 
formed, probably by direct addition of bromine, a bromiuuted conq»ound, which when 
decomposed by bases, yields i aodigly colet hy len i e or laetonic acid (p. 414). 

Milk-sugar is not brought ininnsFintely by yeast into the state of alcoholic fermen- 
tation; but when it is left for some time in contact, with yeast, fermentation gradually 
sets in. When cheese or gluten is used as the ferment, the milk-sugar is converted into 
lactic acid (ii. 631 ; iii. 455). Alcohol is, however, always formed at the same time, 
especially if no chalk is added to neutralise the acid us it forms; the quantity of alcohol 
formed is greater also as the solution is more dilute. 

Combinations. — Milk-sugar unites with Ibises, but the compounds have not been 
much examined. It differs from glucose, in not forming a definite compound with 
chloride of sodium. It absorbs atK>ut 12 5 per cent, ammonia-gas, which, however, 

• it again jgives up on exposure to the air. It dissolves in strong caustic potash, forming 
a thick liquid from which alcohol throws down white flocks containing 12‘4 nor cent 
IPO. The compouud is easily decomposed by acids, even by carbonic acid, the milk- 
sugar separating from it unaltered. With soda a similar compound is formed, con- 
taining 8 ‘3 per cent. soda. 

Milk-sugar dissolves easily in milk of lime, forming a solution in which alcohol pro- 
duces turbidity, and if the liquid is concentrated, throws down a white precipitate con- 
taining, when washed and dried, from 11*2 to 16*7 per cent, lime. Baryta forms a 
similar compound containing 40- 1 pure baryta. 

Milk-sugar gently heated with oxide of lead, gives off water. On digesting the 
aqueous solution with lead-oxide, at a temperature below 50°, purt oi the oxide 
dissolves, and an insoluble compound remains suspended, containing when dried 03 # 5 
per cent, lead-oxide. The dissolved portion evaporated in a vacuum leaves a gummy 
soluble mass, containing 181 per cent, lead-oxide : ammonia added to the solution 
throws down an insoluble compound. 

Estimation of Milk-Sugar. Milk-sugar may be estimated like glucose (ii. 865). 
Poggiale (Compt. rend, xxviii. 505) prepares the test-liquor by dissolving 10 grins, 
of cupric sulphate, 10 grms. of cream of tartar, and 30 grms, caustic potash in 
200 grms. distilled water. The filtered liquid, which has a deep blue colour, is titrated 
by determining the amount of pure milk-sugar required to decolorise a given volume 
of it To determine the quantity of sugar in milk, it is necessary, in the first place, to 
separate the fat and the casein (p. 1016). Milk-sugar may also be estimated by U* 
rotatory power. 


Products of the Transformation of Milk-sugar , 

l. Lxctosb or Oalactosh, C^H^O 4 (Pasteur, Compt. rend. xlii. 847). A kind of 
sugar isomeric with glucose, and bearing considerable resemblance to it. produced tar 
boiling milk-sugar for several hours with 4 pte. of water und 2 per cent sulphuric 
arid, neutralising with chalk, evaporating the filtrate to a syrup, and then leaving it to 
crystallise. , . . , a , 

Lacto se crystallises more readily than grape-sugar, in nodules consisting of mfem~ 
seopic, limpid, rectangular prisms acuminated at the ends,— more generally of six* 
sided, round-edged laminae having a pen-shaped protuberance in the middle. Dextre* 
rotatory power ior the transition tint, [«] - 83 22° at 15°; in the recently prepared 
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solution it is stronger, [a] = 139 66°, but sinks to the former magnitude slowly at 
ordinary temperatures, instantly on boiling. 

Lactose dissolves in water, does not combine with chloride of sodium , and dissolves 
but very sparingly in cold alcohol. 

Lactose yields with nitric acid twice as much mueic acid as milk-sugar. From an 
alkaline solution it reduces as much cupric oxide as grape-sugar. It ferments in con- 
tact with yeast. If tlie fermentation bo interrupted before it is complete, the liquid 
still contains unaltered lactose, which therefore has not undergone any division or fur- 
ther alteration during tho fermentation. In this fermentation the same products are 
formed as in the fermentation of cane-sugar. (Pasteur, Ann. Cb. Phvs. T3l lviii. 
356.) J L 

2. Lactocaramel, C 6 H ,0 O 5 . Produced when milk-sugar is heated for some time to 
180°. It is a dark brown substance, soluble in water, insoluble in alcohol, and capable of 
combining with the oxides of load and copper. (Li ebon, Wien. Akad. Per. xviii. 
180 ; Ora. xv. 227.) 

3. Gallactic and Pectolactic Actds. These names are given by Bodeker and 
Struckmann (Ann. Pharm. c. 264) to two acids produced when milk-sugar is 
oxidised in alkaline solution by cupric oxide. Both are syrupy, and form uncrystallis- 
able salts, respecting tho supposed composition of which, see Gm. xv. 229. 

4. Nitrolactin is best prepared by treating milk-sugar with a mixture of nitric 
and sulphuric acid, and precipitating with water. It crystallises from alcoholic solution 
in nacreous laminae, which detonate when heated. 

MlLXiBRZTB. Native sulphide of nickel. (See Nickel.) 

MILLINGTONIA. The bark of Millingtonia hortcnsis L,, used in Java as a 
remedy against fever, contains, according to II. Ilollandt (Jahresb. 1801, p. 767) 
— besides starch, gum, sugar, fat, wax, and an iron-greening tannin — a small quantity 
of a bitter substance, and certain bodies described as humic acid, to which the for- 
mulae and C'*IP 7 0' i9 are assigned. 

MZZiOSCHXir. A compact chromiferous mineral, probably a mechanical mixture, 
containing, according to Korsten (Pogg. Ann. xlvii. 485), 27‘50 per cent, silica, 45*01 
alumina, 3*61 chromic oxide, 0 30 lime, 0 20 magnesia, and 23*30 water (= 99*92). 
Colour indigo-blue to celandine-green. Hardness => 2. Specific gravity = 2*13. 
Yields water when heated in a tube. Infusible before the blowpipe; partly dissolved 
by hydrochloric acid. Found at Rudnink in Servia, associated with quartz and brown 
iron ore. 

WZM11TB81T B. Mimctene. Mimctite. Green Lead-ore. Fraubenblei. Varieties : 
Kampylite , Hedyphane. — This name is applied to several minerals, isomorphous with 
pyromorphite, consisting either of pure nrsenato-chloride of lead, or of isomorphous 
mixtures of this compound with the corresponding phosphato-chloride, and with the 
analogous calcium-compounds. The crystals are hexagonal prisms, exhibiting tho 
combinations P . oP (fg. 239, ii. 739), P . ocP . oP (Jig . 240), flop .-oP. 2P2 (fg. 241), 
and P . oP . ooP . ocP2i Length of principal axis =0*7392. Angle Pi P; (terminal) 
« 142° 7',* (lateral) — 80° 25'. Cleavage imperfoct parallel to P and oop. Hard- 
ness «= 3'6. Specific gravity = 719 to 7*35, mimetene; 5*3 to 5*5, hedyphane; 6*8 to 
6*9, kampylite. Lustre resinous. Colour pale yellow passing into brown, sometimes 
orange-yellow (kampylite) from the presence of chromate of lead ; sometimes whitish 
when containing much calcic phosphate (hedyphane). Streak white or nearly so. 
Hubtransparont to subtranslucent. Sec-tile. UdeUs before the blowpipe on cha>coal, 
but less easily than pyromorphite; exhibits crystalline surface on cooling, and is 
easily reduced to lead-globules with evolution^ of arsenical fumes. Soluble in nitric 
acid and in potash. 

Analysis. — a. From the Azulaques mine near La Blanca, Zacatecas, Mexico: yellow 
needle-shaped crystals on wu!fpnite(Bergoittann, Pogg. Ann. Ixxx. 401). — 5. Phoenix- 
ville, Chester County, Pennsylvania: colourless or yellow crystals (Smith, Sill, Am. 

J. [2] xx. 342). — c. Johan n-Georgenstadt: yellow crystallised (Wohler, Pogg. Ann. 
iv. 161). — d. Caldbeek-fell, Cumberland (Breithaupt’s kampylite') (Ram me la berg, 
ibid. xci. 316). — e. Horrhausen in Saiony (DufrAnoy, Traith de Min. iii. 46).— 
f. Cornwall (I) ufr^noy, loc. cit.\ — g. Preonrajansk mine, Siberia: crystals yellow 
within, but black on the outside, from a coating of pyrolusite (Struve, Rarnmetsberf? 
Mineralchemie, p. 382). — h. L&ngbanshytta, Sweden (Breithanpt's hedyphane) : mas- 
sive, greyish-white (Kersten, Schw. J. lxii. 1). — ». Mina Grande, near Arqueroe in 
Chile; yellow, earthy. (Homey ko, Ann. Min. [4] xiv. 145.) 

I. Containing only Arsenic Acid. 

Cl. A**o\ pbo. 

2*44 23*06 74*96 «. 


100*46. 
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II. Containing Arsenic and Phosphoric Acids, 



Cl. 

As*o\ 

PH>\ 

FbO, 



b. 

2-39 

2317 

0 14 

74*68 


100*28 

c. 

not deter- 

2119 

not deter- 

76 66 




mined 


mined 


Ca*o. 


d. 

2*41 

18*47 

3*34 

76*47 

0*60 

- 101*10 

e. 

2- Go 

22*20 

0*38 

71 62 

err 

99*86 

/ 

231 

21*66 

0 79 

73*87 

a 

98*62 

9 • 

2*38 

19-88 

*2*44 

76 14 

« 

100*64 



III. 

Containing Lime. 



Cl. 


r*o». 

v*o\ 


Cl 0 . 

Cuo. 

2‘0G 

2278 

not deterniin 

cd . . 

61*03 

14*09 


2*41 

12*06 

6*36 

1 94 

68*46 

8*31 

0 96 ~ 99*60 * 


'J'ho mineral I. in a compound of chloride of Iwfd and pure, triplmnbic arHormto, 
rbCl*.3Pb*AsW. 1 

Those included und(‘r II. are isomorphmiK mixtures of true miiuctrsito and pyro- 
morphito (phoHphato-chlorido of lend) represent i*d l.y the fonmila Pbrp.ai’h^As; P)*0* 
In the two minerals included under III., the lend in partly replaced by calcium ; tho 

composition of h may be nearly represented by the formula PbOl'bJlpjj^ j " j|j>*|*0*]* 

The earthy mineral from Chile appears to be liedypbaiic mixed with a little vanadate 
of lead. 

MIMOSA, or ACACIA QTTVt. Sec Gum (ii. 053). 

MIMOTASnKTXC ACX2>. Syn. with Catechu -tannic Acm (i. 817). 
MXHDSRSRX SPIXtlTUS. Acetate of Ammonium (i. 13). 

MXXrfiRAXi. I'll is term, in its widest sense, denotes any substance not formed 
by the processes of organic life ; in its more restricted nnd more usual aense, it dignifies 
any homogeneous solid or liquid inorganic body, formed by natural processes, without 
the concurrence of ar*. Minerals understood in this sense, constitute the essential part 
of the earth’s crust. It is usual, however, to include under the Hatne general denomi- 
nation, several substances which are evidently the remains of organised beings, chiefly 
vegetables, which lived ujkjh tho earth in former ages, e,g, coal, lignite, amber, and the 
several varieties of fossil resins aud bitumens. Such ladies should perhaps in strict- 
ness be called fossils, but they arc more usually classed with minerals, and described 
as such in works on Mineralogy. 

MnmtAl ACX2>S arc acids of inorganic origin, either existing ready formed 
in natural minerals, or formed from inorganic materials by artificial processes. Tho 
term is chiefly applied to the stronger acids, sulphuric, nitric, phosphoric, hydro- 
chloric, &c. 

MUTB RAL ALXAXil. An old name of Soda. <800 Alkali, i. 116.) 

BliVfi. A term sometimes applied to Prussian blue when mixed 
with certain white substances, Buch as clay, heavy spar, gypsum, Ac., which give it ft 
light blue colour. 

p ywniftAr. CAOUTCHOUC. Syn. with Klateuitr (ii. 374). 

■m nattAT. C8AMJBLBON. Mangnnate of potassium (p. 818). 

MXHSHAJb OR18V* Bcheele’s green. (See Guren Pigmekts, ii. 914.) 
^ HHn atAX nruiao. A term applied by Keller to the blue oxide of molyb- 
denum, formed by the reducing action of tin or stannous chloride on recently precipi- 
tated molybdic acid. (See Molybdenum, p. 1036.) 

l a qjnU tAlt RBtKtt, Amorphous Trisulphide of ANTUfOVY (i 330). 
MIKBR A1 O XL FITCH* R88IV. (See Pstbolbuil) 

fpituk Gold-purple or Purple of Cassius (it 938). 
f >■■■ at. TAXtXrOW. Syn. with Hatchkttdi (p. 14). 

MIH HH AI« TP EMTHTM. Mercuric sulphate. (See Sulpkatks.) 
Mnrsm WATBXS. See Water. 

HC HHAI mLOW. A term sometimes applied to the yellow oxycbWuW 
pf lend, used an pigments (p. 686). 

• After deduct loo of H alumina and ferric extte, 4 clar. aod l*W water. 
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MiyBTTBi An eruptive rock occurring in the Vosges, where it forms small veins 
chiefly in granite and syenite. It consists of mica (the characteristic constituent) 
varying in colour from brownish-black to greenish, and orthoclase imbedded in a fel- 
soathic ground-mass. It is usually line-grained, often porphyroidal, when the felspar 
crystals are well developed. The g round-mass frequently also contains greyish-green 
or dark green hornblende already for advanced in decomposition. The rock also con- 
tains quartz (in very small quantity), triclinic felspar, chlorite, calcspar, &c., often also 
crocidolite. A specimen from the Ballon d’ Alsace, gave by analysis : 


SIO*. Al a O". M»*O a . FeO\ CaO. MgO. K a O. Na a O* H*0. CO*. 

56*96 12*95 0 65 7*58 4*63 6*62 4*35 2*22 1*44 1*94 


99*34 


(Dolcsse, Ann. Min. [5] x. 517 ; Jahresb. 1857, p. 705). A rock of similar constitu- 
tion, from Mitters hausen in the Odenwald, has been analysed by Bunsen (Jahresb. 
1861, p. 1068). 

MCXZrXUllC. Red oxide^of lead (p. 551). 

MIWIAC-TAKTSAWAV or TCINKAWAW. A solid vegetable fat obtained 
from the fruit of a tree growing in Borneo and Sumatra. The principal portion of it, 
insoluble in cold alcohol, consists, like cacao-fat, of stearin, palmitin and olein ; a smaller 
portion, soluble in cold alcohol, contains free stearic acid, palmitic acid, and traces of a 
volatile fatty acid. (E. Hugo, Jahresb. 1862. p. 506.) 


MEXBABBBXiBS. See Fruit (ii. 714). 

MXBA.BXUTB. Syn. with Glauber salt. (See Sut.piiates.) 

MXBBirXTB. Acid sulphate of potassium, KHSO\ occurring in white silky fibres 
in a hot tufa cavern near Misene. (Scacchi, Mem. Geol. nulla Campania, 1849, p. 98.) 

MXSPZCXBL. Fe*As*S* Arsenical pyrites , Arsenojryritc , Danaitc, Vlinian , Fer 
arsenical , prismatischer Arsenikkies. — This mineral occurs in trimetric crystals, in 
which the ratio of the axes a : b : c = (VG76 : 1 *. 1*189. Angle ooP : coP = 68° 7 ; 

I J oo : J Poo in the basal principal section as 34° 34'. Ordinary combination 
ooP . ^ I J oo . Cleavage rather distinct, parallel to a>P. Occurs almost columnar, com- 
pact granular, or impalpable. Hardness — 5*5 to 6. »Specific gravity ■= 6 to 6*4. 
Lustre metallic. Colour silver-white inclining to steel-grey. Streak dark greyish- 
black. Fracture uneven. Brittle. Heated in a tube, it. first yields a red or brown 
sublimate of sulphide of arsenic, then a black sublimate of metallic arsenic. On charcoal 
before the blowpipe, it melts to a black magnetic bead, which sometimes exhibits the 
reactions of cobalt as well as those of iron. According to Berthier, when heated in a 
closed crucible, it giveB otf half its sulphur, and a fourth of its arsenic. Nitric acid 
decomposes it, with separation of sulphur and arsenious acid ; nitro-muriatic acid, with 
separation of sulphur alone, which may be completely dissolved by prolong*^ digestion. 

Analyses, a. Freiberg (Behnke, Pogg. Ann. xcviii. 184). — 5. Ehrenfriedersdorf : 
Plinian (Planner, ibid, lxxvii. 127, lxxix. 430).— <?. Rcichenstein (Wei denbusch, 
Itammclsbcry's Mineralchemie , p. 58). — d. Melchiorstollen near Jauernick in Austrian 
Silesia : massive (F rei tag, ibid.).— — t. Sala in Sweden (Be h nke, loc. at.). — •/. , Aitenberg, 
near Kupferbefg in Silesia: large crystals of specific gravity 6*043 (Behnke).— y. 
Rofchzechau, near Landshut in Silesia: specific gravity 6 067 (Behnke). — A. Wcttin: 
small twin-crystals, of specific gravity 5*365 and 5*637 (Bantsch, Zeitschr. f. d. gcs. 
Naturw. vii. 372) : 



a. 

b. 

€ 

d 

r. 

/• 


A. 

Sulphur 

20*38 

20*08 

19*17 

21*14 # 

18*52 

20 25 

19 77 

22*63 

Arsenic 

44*83 

45 46 

45*94 

41*01 

42*05 

43*78 

44*02 - 

39*86 

Antimony 

. 



. •» 


1*05 

0*92 


Iron 

34*32 

34*46 

33*62 

36*95 

37 

34*35 

34*83 

37*51 


99*53 

100*00 

98*73 

10000 

99*82 

99*43' 

99*64 

100*00 


Mispickel is also found in beds at Breitenbrunn and Raschau, Andreasberg and 
Joachimsthal ; atTunaberg in Sweden ; and at Huel- Maudlin and Unanimity in Corn- 
wall ; also at Franconia, Jackson and Haverhill in New Hampshire, and several other 
localities in the United States. (Dana, ii. 63.) 

Danatte (ii. 303) and Glaucodote (ii. 846) are varieties of mispickel in which the 
iron is partly replaced by cobalt, to the amount of one-sixth in the former and one- 
third in the latter. (Dana, ii. 62.) 

KZBTZITC^IL Viscum album . — The chemical constitution of this plant has 
been examined by P. Reins ch (Jahresb. 1860, p. 541), who has found init two viscous 
substances called vi sea outchi n and vise in ( q . v.). 


• WUk a little llthlA ; a trace of copper wm »l*o (band. 



MI9Y— MOLYBDENUM. 


l<Bf 


An impure ferric sulphate found at Rammelsberg, near Ooelar in tha 

Hart. (See Sulphates.) ^ 

^ms-omsw. Amenate of copper, 2Cu0.As*0> (See Qnm mnmr^ 

U. 944.) 

BCXXKOXrr T& Syn. with Meionitb (p. 866). 

MOCHA 8TOVB or Moss Agate . (See Aoatr, i. 62.) , 

MODUMXTB or An arsenide of cobalt, Co As , found at Skutterud, 

near Modum in Norway (i. 1042). 

ttOBiDTB. Syn. with Leucopyrite or nAtive proto* arsenide of iron, *«As 
(p. 368). 

MOHBXTau Native titanute of iron. (See Titanium.) 

MOLBOVLB. This term, in its strict chemical sense, denotes the smallest quantity 
rtf » mmnound bodv that can take part in any chemical reaction. Thus, as explained 
in fha »rth*le Atomic WuiGHTS (i. 467-469), the molecule of water is assumed to bo 
H*0 = 18 and not HO - 9, because, in the great raiyonty of cases, 18 pts. by weight 
flU i) i fl the smallest quantity of water that can be taken up by, or 
Liv group of elements concerned in a reaction. For a similar reason, the / 

ammonia^is assumed to be NH> - 17, and not any multiple or submultiple thereof. 

^^o^nUHnto^rtluiic considerations by which the molocular weights ofbodiee aw i de- 
• rt'neat what has already boon treated in some detail in other 

article of tills work, especially that above referred to (soo also Ci assikiuatiox, i. 1007). 
Tt mav therefore suffice to point out in this placo thut, among the purely chemical con- 
«[Zatio“,Ch et^r hito the determination of this point, a prominent place must 
bo assigned to tho manner in which the elements of a compound are replaced by other 
radiclesT simple or compound. Thus, in the four typical molecules, 

HC1, H*0, H*N, II'C, 

the hydrogen in the fi^ ds. hy<U«h.onc uU, J— be 

^"otheTf^n ‘and^n ammonia, the ? ubstitut««. plJe by third. ; 
placed, but no otn { «ulphuric acid is regarded as dibasic, and «mre- 

rid Xm A triLic. and deno. J by HVO* ; taHaric acid a. 

tet ratiaaic, by into the determination of molecular 

Physical cimsidorations likewise enter^ who<8 gp(K . iflc gTOTitiea he 

wcighu. T ^ u, '' n “^f the molecule^s assumed to he so constituted that 

determined L^ity, that is to say, of the weight of a unit-volume 

its weight is double of the spec gr ^^^ ^ nt Haid to on a ny physical 

of the vapour. This numerous cLos in which the weight of the molecule 

basis ; but foUnd ^ , i chemical considerations; and hence it is ex- 

^^|| nd r n iwh y such ^veriflcTtion cIimot bo obtained. Other physical con- 
tended to others in which sue . . f molocular weights are specific heat, 

^deration, which enter.ntotho *««£££ of m Has?, hi- *0-40 

boiling point, isomorphism, &c. (See atomio 

and 89-91; IsoMonemsw, must be understood in a somewhat 

The term molecule, as applied *®. h # DDlied to compounds. Tho smallert 

diffiwent sense from that ?™ ch * ^ on ^ r jn ^ P B reaction Uealled, not a molecule, 

quantity of an olemcnUryWy h^w , nt „ the smaUnst quantity, or group of 

but an atom ; and the Mb „_ considerations lead us tosuppoae that In 

atoms, that can emrt in the free^ai Consists of two elementary atoms, the molecule of 
the majority of cases, th “, i ^°jF II (aw , Aionio WaioHTS, i, 4«6; and CnninCAt, 
hydrogen, atoierUiToompound radicles, vis, the a'whol-radWrs 

ArvnciTT, l 867.) There «»» freestatc are generally supposed to be the 

methyl, ethyl, &c wh^mo^ul^n * free met^l - 

doubles oftho«by wl^tt^»urmu. b fr Mdicle , ^ their hydrides 

*££& .aWSSS MSSTwa on the existence of th~ p«d*uU. 
compound molecules. 




t<m MOLYBDENUM, ALLOYS. 

(J. pP . Chem. Ixi. 4 49 ; Jahresb. 1854. p* 346); Blomstrand (J. pp. Chem. lxxi.449; 
Ixxvii. 88 ; lxxxii. 433 ; Jahresb. 1857, p. 191; 1859, p. 164; 1861, p. J239) ; and H. 
8chultze(Ann. Ch. Pharm. cxxvi. 49; Jahresb. 1863, p. 217). The name molybdenum 
is derived from no\v(35aiva or molybdana, applied by Dioscorides and Pliny to galena 
and other lead compounds.* 

Preparation,— Metallic molybdenum is prepared: — 1. By exposing either of the 
oxides, or molybdate of ammonium, or acid molybdate of potassium, to a full white heat 
in a crucible lined with charcoal. The reduction is easily effected, and may even be 
performed on charcoal before the blowpipe with carbonate of sodium; but to obtain a 
fused button of the metal, a very strong heat is required (Berzelius). — 2. By passing 
dry hydrogen gas over either of the oxides of molybdenum heated to whiteness in a 
porcelain tube. (Berzelius.) 

Properties. — Molybdenum reduced by hydrogen is a grey pulverulent mass which 
acquires a metallic lustre by trituration, and conducts electricity. By fusion in a 
Deville's blast-furnace, it is obtained as a white mass, with nearly silvery lustre, harder 
than topaz, and of specific gravity 8-6. .(Debray, Compt. rend. xlvi. 1098.) 

Molybdenum is unalterable in the air at ordinary temperatures, but when slowly 
heated it acquires, first a brown ish-yeliow, then a blue tarnish, and finally takes fire 
(? the pulverulent metal) and burns to molybdic trioxido (Berzelius). It is rapidly oxi- 
dised by fusion with nitre, slowly by hydrate of potassium , and it is not dissolved by 
boiling potash-lye. It dissolves in nitric acid witn evolution of nitrous fumes, and in 
hot strong sulphuric acid with evolution of sulphurous anhydride. If the acids are 
used in small quantity only, the metal is converted into molybdic oxide ; with a larger 
proportion of sulphuric acid, the blue oxide is formed ; and with a larger proportion of 
nitric acid the product is molybdic acid, which is also partially deposited in the solid 
state. Molybdenum is likewise oxidised and dissolved by chlorine-water and by a mixture 
of nitric with sulphuric or hydrochloric acid. It is dissolved by boiling aqueous arsenic 
acid, slightly also by phosphoric and boric acids ; not by hydrochloric or dilute sulphuric 
acid. It reduces the oxides of silver and mercury when triturated with them. Ignited 
in a stream of aqueous vapour , it is oxidised, with separation of hydrogen.^ 

Combinations. — Molybdenum enters into combination as a diatomic, tetratomic, hex- 
atomic, and sometimes also as a tri-atomic radicle : thus it forms the oxides Mo"0, 
Mo ,f O* l Mo t1 0 8 , the chlorides, Mo"Cl' and Mo 1 * Cl 4 ; the bromides, Mo"Br*, Mo"'Br*, 
the bromo-chloride, Mo*‘Br 4 CP, the oxychloride, Mo ,T Cl a O, &c. Its exact position in 
the metallic series is not yet exactly ascertained, inasmuch as its specific heat has not 
been determined, and those of its compounds which are volatile, assume the gaseous 
state at too high a temperature to allow of the determination of their vapour-densities 
(see page 968). 

MOLTBDEinrM, ALLOTS OX*. Molybdenum unites with tin, lead, iron, 
copper, silver, gold, and platinum, rendering them less fusible, more brittle, and, except 
in the case of silver, whiter. Molybdide of copper is of a pale, copper-red colour, 
malleable if the molybdenum is not in excess. With 2 pts. of gold, molybdenum forms 
a black, brittle globule. — Molybdide of iron constitutes the so-called “ bears” found on 
the hearths of copper-ftimaces (p. 368). Equal parts of molybdenum and platinum 
yield a hard, brittle, shapeless lump, having a light grey colour and metallic lustre, 
aud appearing compact on the fractured surface. 4 pts. platinum with 1 pt. molybde- 
num rorm a hard, brittle, bluish-grey alloy, having a granular fracture (Hjelm). — 
The alloy of 1 pt silver and 2 pts. molybdenum is grey, granular, and brittle. 

Molybdide of Aluminium , AlPMo, is obtained by dissolving molybdic acid in hydro- 
fluoric acid, evaporating to dryness, and fusing t^d 'residue with a mixture of 30 pts. 
cryolite, 30 pts. of a mixture of the chlorides o£* sodium and potassium in equivalent 
proportions, and 15 pts. aluminium, at a strong red heafc On treating the resulting 
regulus with soda-lye, there remains a crystalline powder coloured black by a 
film of metallic molybdenum, but assuming an iron-grey colour when treated with 
nitric acid, and appearing under the microscope to consist of rhombic prisma. It acquires 
a steel-blue tarnish when ignited in the air, and dissolves easily in hot nitric and 
hydrochloric acids. (Wohler, Ann. Ch. Pharm. cxv. 102.) "■% 

WCLTBP Blt P M, BBOWrDli or. (B lom strand, 3f. pr. Chem. lxxrii. 88; 
lxxxii. 433; Jahresb. 1859, p. 164; 1861, p. 239.) When bromine-vapour is pa ssed 
over strongly heated molybdenum, an oxybromide is first formed, then a greyish-green 
sublimate of tribromide dose to the heated part of the tubs, the metal at the same time 
esquiring a yellowish-red odour and being at last completely converted into dibromide ; 
between these two nroducta there are also found isolated shining needles of the tetra- 
bvomide, of a pure olack colour. 

«t ntoljbtbma, quam alio Ittco galenam voeavtsnav, vena argent* ytaaWqoa eosuwats.** 



MOLYBDENUM j CHLORIDES*! waf S 

The Dibromtde or Molybdout bromide,Ho"Br‘, is produced, M juet stated, by 
rnrect combination of its elements, also by heating the tribromide. It is ft non* volatile, 
amorphous, radish-yellow body, which is not perceptibly attacked by hydrochloric, 
nitric, or even boiling nitromuriatic acid, but dissolves easily and completely when heated 
with dilute caustic alkalis, formingayellowsolution containing molybdous oxybromide* 

3MoBr* + 2KIIO - 2KBr + UK) + Mo^O. 

Concentrated solutions of caustic alkalis decompose the bromide completely, with pre- 
cipitation of a black hydrated oxide. 

The yellow solution above mentioned, when exposed to the air, gradually deposit* 
email shining golden yellow crystals of a hydrftted molybdous oxy bromide, 

j}o*J3r*0.9IPO ; but when neutralised with an oxygen-acid, it yields a dark yellow, 
flocculont or granular precipitate of the same oxybromide with a smaller quantity of 

water, lifo*Br 4 0.3H , 0. The oxybromide dissolves with yellow colour in alkalis and in 
the stronger oxygen-acids, and from the acid solutions thus obtninod, the bromine is not 
precipitated by silver salts. — Tho solution of the oxybromide in dilute aqueous alkalis 
forms with hydrobromic, hydrochloric, or hydriodic acid, a yellow precipitate, insoluble 

in acids, but soluble in alkalis, and consisting of Afo*Br*. 311*0, ]fcfo , Br , Cl , .8H*0 or 

Jlo*Br 4 P.3H 5f O. — Blomstrand regards all these compounds as containing thft diatomic 
radicle, bromomolybiUnum, Mo Hr 4 , e.g., the oxybromide, (MoBr 4 ) M 0, the ehlorobromide, 
(MoBr 4 y*Cl*, &c. (See page 1030.) 

The Tribromide, Mo'"Br*, or Molybdoso-molyhdic bromide , MoBri.MoBr 4 , ia 
produced as above mentioned, by direct combination, or with greater facility by passing 
bromine- vapour over a heated mixture of molybdic oxide and charcoal. It is sometimes 
obtained in separate crystals, but more frequently in black ish-groen masses consisting 
of delicate, capillary, interlaced needles. It is difficult to sublime, and at a bright rod 
boat is resolved into the dibromide and freo bromine. It is not even wettod by water, 
and not attacked by boiling hydrochloric acid or by cold dilute nitric acid. Dilute 
alkalis act upon it slowly, and at the boiling heat decompose it completely, with 
separation of black molybdic hydrate. 

The Tetr abromide. or Molybdic bromide , Mo*’Br 4 , formed also bpr direct com- 
bination (p. 1028), is fusible and volatile, forming a brown-rod vapour; it doliqucscou 
in the air to a black liquid ; and forms with water a yellow-brown solution, from which 
alkalis throw down molybdic hydrate of a rusty yellow colour. It is easily resolved by 
heat into the dibromide and free bromine, the temperatures at which it is formed and 
decomposed being very close together. 

Tho hexbromide, Mo y, Br*, has not been obtained, but the corresponding oxybro- 
mide, Mo T, Br*0* is produced by passing bromine-vapour over heated molybdic oxide, 
MoO*, or by heating molybdic trioxido with boric, or phosphoric anhydride, and fusing 
the pulverised muss with bromide of potassium, e. g. : 

MoO 1 + B a O> + 2KBr - 2KBO* + MoBr*0* 


When quickly sublimed, it forms indistinct crystalline scales; but bv slow sublimation 
it may be obtained in more distinctly developed crystalline plates of yellow-rtd colour 
and fatty lustre, which deliquesce in contact with the air, and form a colourless solution 
in water. 


MOLTBDBVirM, OHMUSI 


Of. Molybdenum forms three chlorides, 




1030 IpifOLYBDENUM : CHLORID^. 


The anhydr^ :dichloride is an amorphous powder of dull yellbw colour, inclining 
to greenish from the presence of impurities. It behaves with alkalis like the 
dibromide, but dissolves easily and completely in hydrochloric , hydrobromic, and 
hydriodic acids. -The alkalme solution when exposed to the air, deposits molybdous 


oxychloride, ]fio 8 Cl 4 0,in combination with water, sometimes in very small crystals, 
but generally as an amorphous gummy precipitate. Acids (especially acetic acid) 

added to the same solution, throw down the hydrated oxychloride, Mo 8 Cl*0.3H 2 0, in 
the form of light yellow flocks which when recently precipitated, and washed with 
water, dissolves easily in the stronger acids. (B lorn strand.) 

The hydrated oxychloride boiled with hydrobromic, hydriodic and hydrochloric acids, 
yields solutions which deposit compounds of exactly analogous constitution, having t.he 
oxygen replaced by an equivalent quantity of bromine, iodine or chlorine. With 
hydrobromic acid , the chlorobromide, Mo s Cl 4 Br 2 .3lI 2 0, is obtained, in thin reddish- 
yellow scales, insoluble in water, but soluble in alcohol ; the alcoholic solution highly 

concentrated at 100°, deposits short prismatic crystals containing Mo*Cl 4 Br®.6H 2 0, 
easily soluble in water and forming a solution which, after a while, becomes turbid 
unless it contains a large quantity of free acid), ana ’deposits a granular powder. 


Similarly with hydriodic acid, the compound ivf o 3 Cl 4 F . 3 IPO is obtained, as a scaly 

crystalline substance, insoluble in water ; also Mo"Cl < I 3 .6H‘0, which resembles the 
corresponding bromine-compound, but forms darker-coloured crystals. The cor- 
responding chlorine-compounds , Mo 3 Cl 8 . 3 IPO and Mo*Cl*.6lj£ 2 0 (or Mo Cl 2 . IPO and 

MoCIV 2IPO), are obtained in like manner, the former m thin scales insoluble in water, 
the latter in light yellow slender needles or prisms, which Slso dissolve in water, 
forming a solution which soon becomes turbid. The acid solutions of these compounds 
may he repeatedly evaporated to dryness, even in contact with the air without percep- 
tible decomposition. The solid compounds heated in an atmosphere of carbonic 
anhydride, tirst give off nothing but water ; but afterwards, if the heat bo quickly 
raised, a certain quantity of acid is given off, so that the residue always contains more 
or less of tho corresponding oxychloride, or even molybdous oxide, e.g. 

Mo a Cl 4 Br 3 + IPO = Mo 3 Cl l O + 2IIBr 
and Mo’CPBP + 3H 2 0 = 3MoO + 2HBr + 4HC1. 


The same decompositions take place, but to a greater extent, when these compounds 
are heated in contact with moist air. 

The haloid molybdous compounds j ust described unite with the haloid salts of potassium 
and ammonium, forming double salts having the composition Mo 8 Cl®.KCl ; Mo*Cl l Br s . 
2NH 4 Bf, Mo*CBBr 2 .2KBr, &c., which crystallise out almost completely from their 
acid solutions on cooling. These double salts vary in colour from shining straw- 
yellow (the chlorine-salts), to deep yellowish-red (the iodine-salts); they are of 
various, usually prismatic form ; are decomposed by pure water , the alkali-metal salt 
dissolving, while the molybdouB compound (Mo 8 Cl*Br 2 , for eppmple) separatee in 
combination with 3H 2 0 ; but dissolve without decomposition in water containing free 
acid. Alcohol dissolves some of them ( Mo 3 CPBrV2 N IPBr, for example) without 
decomposition, whereas from others (as Mo*CPBr 2 .2K.Br) it dissolves the molybdous 
compound, and leaves the salt of the alkali-metal. Nitrate of silver added to the 
solutions of these double salts, throws down only half the amount of halogen contained 
in them (e.g. from Mo Cl*BrV2KBr, only the 4 at, jjfrofnine, and from Mo 8 Cl*.2KCl, or 
Mo 8 Cl 4 Cl*.2KCl, only 4 at. chlorine) ; moreover their add solutions are not decomposed 
by sulphydric acid, even after a day's contact (in fife alkaline solutions it produces a 
slow decomposition), and they are not precipitated by ferro-cyanide of potassium. 
From these reactions, and from the composition of the double salts, Blomstrand infers 
that all these compounds contain the diatomic radicle, chlorotnolybdenum Mo 8 Cl\ that 
molybdous chioriae is (Mo^Ci^'Cl*, this oxychloride (Mo*Cl 4 )"0, the chlorobromide 
(Mo*Cl < )Br* l Ac. V ' &&*.■ 

Trichloride , Molv^Sosd^solybdic chloride, MoCP.MoCl 4 . This 

compound is obtained, thumb nqptn the pure state, by passing the vapour of molybdic 
chloride, MoCl 4 , over h eatw Berselius, whp, prepared it in this manner, 
but does not appear to have fuudyftoa it**eg&rded it th& aictuoride ; but according to 
Blomstrand’ s analysis, the oompou nd*nU|t obtuxn^d IkU^heirly the composition MoCl*. 
The trichloride is more easiW ootaiaed^^ over the tetrachloride 

heated in a glass tube by a ^rit-tiwp ; or tliu vapour of the tetra- 

chloride mixed with, carbonic anhydride, throuml*# rone/ part of which is 
very strongly heated j^the trichlor^ then c ol |s qt| fehind this portion, as a thick homo- 
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gefieons crust (Blomstra nd). It has a dark copper-red colour, and when boated to 
the melting point of glass, in a vessel which docs not aU$w access of air, it volatilises 
and forms a confusedly crystalline, dark brick -red sublimate (11 era el i us). It is in- 
soluble in water, but colours that liquid reddish when suspended iu it ; insoluble also 
in dilute hydrochloric acid. When digested with potash it yields chloride of potassium 
and an insoluble blackish-brown hydrated oxide of molybdenum. (Borxolius.) 

Tetrachloride or Molybdic chloride , Mo l ’Cl\ This compound, discovered by 
Berzelius, is produced when chlorine gas, free from air, is passed over gently heated 
molybdenum. The metal then takes fire and burns onthe surface fora few seconds; 
but this effect soon ceases and a durk red gas is formed, which condenses on the cold 
parts of the vessel in dark coloured metallic-shining crystals having very much the 
aspect of iodine. Blomstrand prepares it by the action of chlorine on strongly heated 
molybdic sulphide (the native sulphide). The crystals are very fusible (Bereolius), 
somewhat difficult of fusion (Blomstrand), and sublime at a modcrato heat. When 
exposed to the air, they fume at the first instant, and then deliquesce, the original black 
colour of the liquid passing through bluo-^rven, greenish -yellow, and dark rod into 
yellow. When keptm a vessel containing air, they absorb oxygen and yield a subli- 
mate consisting of an oxychloride. 

Molybdic chloride when thrown into water, dissolves with such violence that 
liquid effervesces and boils, as if a gns were given off, which however is not the case. 
A small quantity of the chloride drenched with a largo quantity of water forms a solu- 
tion which soon turns green or blue from the oxidising action of the air; a stronger 
solution is more permanent, and may be evaporated to dryness at ageutlo bout without 
decomposition, the tetri&hloride then remaining as a black mass. Molybdic chloride 
may also bo obtained in solution^ digesting the metal in hydrochloric acid, and add- 
ing nitric acid .from^me to time till the liquid acquires a red-brown colour, or by 
digesting molybdic anhydride and pulverised molybdenum (or metallic copper) in 
hydrochloric acid, till all the moly lxl ic anhydride is dissolved and the liquid has become 
red. In all these solutions, ammonia forms a pmripitate of molybdic hydrate. 

Ammonio-molyhdic chloride is obtained, according to Berzelius, by mixing a solution 
of molybdic chloride with ammonia, till the precipitate just begins to bo permanent, and 
leaving the solution to evaporate, the double salt tlnjn separating in small brown 
crystals which decompose in contact with air. 

A solution of molybdic chloride saturated with sal-ammoniac and left to evaporate 
over oil of vitriol, first deposits brown crystals of sal-ammoniac ; and the mother-liquor 
ultimately yields green octahedrons of the double salt 3MoCl*.2NJI 4 0l.flH 2 O, which 
soon deliquesce in moist, air to a black liquid becoming reddish-yellow when diluted, 
and yielding with ammonia a yellowish-red precipitate of molylxhc hydrate. (Blom- 
strand.) 

KOLTBDEinrK, OSLOftOBAOMZBSS OT. This compound, M^BriCl*, is 


obtained by the action of hydrochloric acid on molybdous oxy bromide, 
of bydrohisgmie acid on molybdous oxychloride. (Blonistri 


and Mo»Cl«Br* 

by that of bydrobisgmic acid on molybdous oxychloride. (Blomstrand, pp, 1029, 
1030.) 

MO&TBBZWM* D1TSCTZOV AJTO BlTSMAT^ir OF. 1. Blouf 
pipe reactions .— Molybdic trioxide heated on charcoal in the pater flame is volati- 
lised and forms a white crystalline sublimate on the charcoal ; m the iaflW flame it may 
be reduced (even without carbqnate of sodium! to metallic molybdenum, which is sepa- 
rated as a grey powder on levigating the charcoal. With boras r all the oxides of 
molybdenum give, in thf outer flame, a bead which is yellow while ^b^ oolourfc« 
on cooling ; in the inner flame, a dark brown bead, which is opaque « excyofmolyb- 
denum is present. By long continual hc^ng, tfcl molybdic 

in dark b£wn flakes, floating in thenar fellow glass. With microcosm* s<M to the 
outer flame, all oxides of molybdenum give * bead which w greenish while hot, and 
colourless on cooling; in the inner fUm* atfe^ green beadfcom which molybdic oxide 
cannot be separated by continued heat.,, . •/. ^ 

2. Reaction* in 8olution. — a. Boltons' 
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the air, they hare a tendency to become blue by oxidation. la contact with metallic 
sine , they first blacken aui;vtiien yield a black precipitate of molybdo us hydrate. 
Their reactions with cdk<Mt, sulphydric acid, &c.> are similar to those of the 
molybdous salts, excepting that the precipitates are lighter in colour. 

y. Moly bdatesure colourless unless they contain a coloured base. Solutions of the 
alkaline molybdates yield with acids a precipitate of molybdic acid, soluble in excess 
of the precipitant. They are coloured yellow by sulphydric acid , from formation of a 
sulphomolybdate of ike alkali-metal K^MoS 4 , and then yield with acids a brown 
precipitate of trisulphide of molybdenum. This is an extremely delicate test for 
molybdic acid. . They form white precipitates with the salts of the earth-metals , and 
procipitates of various colours with salts of the heavy metals ; e.g. white with lead and 
silver salts ; yellow wittuforric salts ; and yellowish-white with mercurous salts. — Stan- 
nous chloride produces immediately a greenish-blue precipitate, soluble in hydrochloric 
acid, forming a green solution, which turns blue the addition of a very small 
quantity of the ti n * solu tion . Mercurous nitrate forms&ydlowish- white precipitate, soluble 
in nitnc acid, blackened by ammonia. When triaasio, phosphoric acid, ora liquid 
containing it, is added to the solution of molybdate of ammonium, together with an 
excess of hydrochloric acid, the liquid turns yellow, and after a wfciie deposits a yellow 
precipitate of molybdic acid combined with small quantities of phosphoric acid and 
ammraonuv. Tliis precipitate is soluble in ammonia and likewise in excess of the phos- 
phate. The reaction is therefore especially adapted for the detection of small 
quantities of phosphoric acid. The dibasic and monobasic phosphates do not 
produce the yellow precipitate. Arsenic acid gives a similar reaction. 

™ Ttf! Quantitative Es timation , and Sejiaration. When molybdenum occurs in 
the form of trioxido or molybdic anhydride (MoO s ), the best mode of estimating it 
is to convert it into the di-oxide, MoO 2 , by ignition in an atmosphere o&hydrogon. Tliis 
oxide, which is not at fill volatile, may then be weighed. When molybdic acid exists 
in solution in ammonia or in other acids, the solution must be carefully evaporated by 
dryness and the residue treated as above. 

Molybdenum is separated from most metals by its solubility in sulphide of ammonium. 
The filtered solution containing sulphomolybdate of ammonium is thou treated with an 
excess of very diluto nitric acid, to precipitate the trisulphide ; the precipitate is col- 
lected on a weighed filter and its weight determined, after which a known quantity of 
it is ignited in an atmosphere of hydrogen, to convert it into the disulphide, MuS, 
from the weight of which the amount of molybdenum is calculated. 

From arsenic, molybdenum may be separated by converting the arsenic into arsenic 
acid, and precipitating it by- a magnesium-salt (i. 367). Antimony may be separated 
from molybdenum by the same process which Servos to separate it from arsenic and 
tin (i. 369), the alkaline molybdates, like the arsenates and stannates, being soluble* 
in water. For the separation of molybdenum from tungsten, sec Tungstkn. 

Molybdic acid is separated from the earths, by fusing the compound with carbonate 
of sodium, and digesting the fused mass in water, which dissolves molybdate of sodium 
and leaves the earth as carbonate. 

From the fixed a Ik all a, molybdic acid may be separated by precipitation with mer- 
curous nitrate , ^he precipitate is thoroughly washed witnja dilute solution of t he 
mercurous dried and igpito4*ctt a moderate h ©at in a stream of hydro- 
gen, reduced »° 

4/ Atomic W eight of Mot&bwmpm, 

61), endeavoured to determine . 
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Bfifan b Struve ( --^. r - - /F - 

experiments, craftidered that the t^taccurate results were obtained by roasting the 
disulphide, MdS*, in air. T dwy fouad in ten axperit^bts, that the artificially prepared 
disulphide lost by roastiud, from 9HM® to 10*866 per cent, of its weight; whence, 
taking the atomic weight of sulpfepr *4 32, they obtained, as a mean result, the number 
90*14 ; but the results of the individual ejpergoients (even excluding tip three which 
differed most widely from the iilfefijSteW to 97 '16, so that" ib : ' great depon- 

dence can be placed on the meaa.Jfl^^p?' J 

Berlin, in I860 (Ann. Clw Fteik' V%tl, analysed the ammonium-salt, 

and found the qu&tity of Slybdic anhydtlde, MqO*, r left on igniting it, to vary in four 
experiments, only between 81*665 and 8T612t mean 81,681, whence be obtains for 
molybdenum the numbw 92, newly the same as that fetyatf by Svanberg and Struve. 
On the other handgun as (Ik Ch, jpfig*. [3] lx. 1$9), by reducing crystallised 
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molybdic anhydride in a current of hydrogen, obtained in six experiments, values at 
Mo between 95*2 and 96*2 ; mean 95 - 7 ; he regards 96 as the true atomic weight of 
molybdenum, which is the same as that originally found % Berzelius. 

MOLTSDSmTM, FLUORIDES OF. a. Motyluious Fluoride. -~'Mo\yl*\oxto 
oxide dissolves in hydrofluoric acid, forming a purple-red liquid which dries up at a 
gentle beat to a varnish of the same colour; this residue when more strongly heated 
becomes darker in colour, and partly insoluble in water. 

Potassio-Tnolybdous fluoride is precipitated in pale red flocks on mixing n solution of 
molybdous fluoride with fluoride of potassium. It is dissolved by water containing a 
little freo acid, and separates, during evaporation or on cooling, as a dark rose-coloured 
powder, which becomes lighter when dry. The ammonium-salt is exactly similar ; the 
sodium-suit is more soluble. 


6. Molybdic Fluoride . — The solution of molybdic hydrate in aqueous hydrofluoric 
acid is red, unless the acid is ih very largo excess, in which case it Is almost colourless. 
After gentle evaporation, whereby it is soon rendered bliMtf the acid is not in excess^ 
it leaves a black crystalline residue (of molybdic fluoride?), which rodissoives perfectly 
in water, forming a red solution; but if somewhat more strongly heated, losos aci<£ 
and when dissolved in water, leaves a residue of molybdic oxide. (Berzelius.) 

Double salts of molybdic fluoride are obtained by mixing the solution just described 
with the fluorides of the alkali-metals. Thoy are rusty yellow powders, somewhat 
soluble in water. . *■ 


The blue oxide of molybdenum yields with hydrofluoric acid a deep blue solution 
which does not crystallise. (Berzelius.) * 

y. Hexjluoride. Molybdic trioxide dissolves readily and abundantly in iupi<‘OU*dtft- 
drofluoric acid. The colourless solution law a sour and disagreeable metallic t asfo, And 
yields, on evaporation, a yollowish syrup which exhibits no signs of crystal libation ; 
assumes a greenish or bluish tint when healed, in consequence of minute organic par- 
ticles falling into it; redisso Ives but imperfectly in water after evaporation to complete 
dryness ; and leaves an insoluble compound of molybdic trioxide with a small proportion 
of hydrafl uoric acid, or of molybdic trioxide with hexfluorido of molybdenum, which, 
though soluble to a certain extent in pure water, is precipitated from it by the Jlrst- 
mentioned acid solution. 

Several combinations exist of hexfluoride of molybdenum with the more basic metal- 
lic fluorides; they are not, however, known in the free state, but only in combination 
with salts of molybdic acid : c. K^MoO’.K'MoP^ (Berscli us.) 

MOlTBDElVtnK OLANCB. Native sulphide of molybdenum (p. 10-13) 

MOLYBDENUM, IODIDES 6p. Molybdenum and iodine do not act on one 
another, even at a red heat. By dissolving molybdous hydrate in hydiiodic acid, a so- 
lution of molybdous iodide is obtained resembling that of molybdous chloride (p, 1029). 

Molybdic iodide is obtained in solution by saturating hydriodic acid with molybdic 
hydrate. The solution is red, and yields by evujtoration in contact with the air, a 
crystallised salt, which is red by transmitted, brown by reflected light. It decomposes 
at a high temperature, giving off hydriodfe acid and learjng molybdic oxide. The 
residue left on spontaneous evaporation redisrolves in wp-fcer, (Be ejius.) 

[pound* me opr 
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by halting molybdic chloride hi ammonia-gas, the heat being at last raised to low 
redness. Molybdic chloride , gradually heated to redness in a stream of ammonia-gas, 
yielded, but not always, the compound Mo*N 3 which resembled the two preceding in most 
respects, but had a greyer colour ; sometimes, however, nitrides w ere obtained, interme- 
diate in composition between Mo 3 N 3 and Mo-N 3 . All these compounds, when heated 
<p whiteness in ammonia-gas, yield metallic molybdenum. 

Molybdous chloride treated with ammonia-gas yields the same compounds, together 
with another, which* according to Uhrlaub, is analogous in composition to some of the 
platinum-bases. 

Nitrides and amides of mojybdentim are likewise obtained by the action of ammonia- 
gas on molybdic anhydride. The reaction appears to be very complicated, the products 
MoNV MoH 4 NVMq?N 2 , an d Mo*N 2 , being obtained in different proportions according 
to the tempentfjptre, and often uniting together to form compounds varying greatly in 0 
composition. 

ItfDLTBDSVUM, O SLIDES OF. Molybdenum forms three oxides, having the 
fe&ftwing composition : 

Protoxide or Molybdous oxide .... MoO 
Dioxide or Molybdic oxide ..... MoO* 

Trioxide or Molybdic anhydride .... MoO 3 
The first two are basylous and form salts with acids ; the third also unites loosely 
with some of the stronger acids, but it is decidedly of a chlorous character, uniting 
readily with the more basylous metallic oxides, and forming definite crystal livable salts 
called Molybdates. There is also an oxide (or perhaps more than one) interme- 
diate between the di- and tri-oxide, which may be regarded as a molybdic molybdate. 

Protoxide or Molybdous oxide, MoO. This oxide is produced by bringing the 
di- or tri-oxide, in presencff*of one of the stronger acids, in contact with any of tho 
motals which are capable of decomposing water. Thus, when zinc is immersed in a 
concentrated solution of an alkaline molybdate mixed with a quantity of hydrochloric 
ucid sufficient to redissolve the molybdic acid which is at first thrown down, the liquid 
becomes first blue, then reddish-brown, and finally black, and contains chloride of 
zinc and irtolybdous chloride. To separate the molybdenum from the zinc, ammonia 
is then added to the liquid in quantity just sufficient to precipitate the molybdenum, 
as black molybdous hydrate, while the zinc remains in solution. The precipitate, 
however, carries down with it a certain quantity of zinc-oxide, from which it may be 
freed by washing with ammonia ; but it is difficult in this way to obtain molybdous 
hydrate quite free from zinc. A better modo of preparation is to agitate the acidulated 
solution of the molybdate with an amalgam of potassium containing only a very small 
quantity of potassium, and precipitate the resulting solution of molybdous chloride with 
ammonia as before. 

Anhydrous molybdous oxide may be obtained by drying the hydrate over oil 
of vitriol in a vacuum, and then igniting it out of contact with the air ; or directly 
by digesting the fused or sublimed trioxide for a considerable timo with hydrochloric 
acid and zinc. 

Anhydrous molybdous oxide is perfectly black by ordinary daylight ; but that pro- 

S ured by the last method exhibits a dark brass-yellow colour, when exposed to the 
irect rays of the sun ; it also exhibits t he crystalline form Of tte^fipxide from which 
it has been prepared, and oxidises in the air more rapidly Uiaa <( Mkl^0iich is obtained 
by igniting the hydrate. The anhydrous oxide, when heated nearly tp redness, emits 
a vivid but momentary light, indicating its passage into anothe| modification. It is 
insoluble in acids, but the hydxato dissolves slowly, forming the m dty bdoussalts, the 
solutions of which are black or purple^und nearly opaque, except when largely diluted, 
in which case they are transparent, and have a greenish-brown colour ; their taste is 
astringent but not metallic ; when exposed to the sir, they oxidise, but not so rapidly as 
the molybdic salts. 

Dioxide or Molybdic Oxide. MoO 3 . — This oxide is obtained : 1. By igniting 
molybdic hydrate in a vacuum (Berzelius). — 2. By exposing the trioxide in a stream 
of hydrogen to a heat not. greater than that of an ordinary spirit-lamp (S van berg). 

It is also said to be produced by igniting molybdate of ammonium in a close vessel, 
or by igniting a mixture of potaasic or sodic molybdate with sal-ammoniac, and 
dissolving out the soluble chloride with water ; but the oxide thus obtained appears 
to he contaminated with nitrate of molybdenum. 

Molybdic oxide is red-brown. It is not attacked by aqueous hydrofluoric or 
hydrochloric acid, or by hydrochloric acid gas at a red heat. Sulphuric acid or 
notation of acid tartrate of potassium takes up only tgggfll of it, even on continued 
digestion, and the residue left after decanting the liffin is not attacked by fresh 
Quantities of sulphuric add or solution of cream of tartar. Molybdic oxide is further 



MOLYBDENUM : OXIDES. 


XV9& 


oxidised by ignition in the air, or by treatment with nitric acid. Caustic potaah- 
eolution neither oxidises nor dissolves it. 

Molybdi o hydrate is obtained by precipitating a solution of molybdic chloride or 
other molybdic salt with ammonia, which must be added in excess, as otherwise a 
soluble basic suit will be formed, especially with the chloride. The hydrate itself in 
also som .^wliat soluble in pure water, so that, in very dilute solutions, ammonia docs not 
form any precipitate until sal-ammoniac is added. For the same reason, the washing 
must not bo carried too far, and is best finished with water containing nlouhol. Tim 
washed hydrate maybe pressed between paper and dried in a vacuum*, It has a 
rusty brown colour, just like that of ferric hydrate precipitated by ammonia. Wliei* 
exposed in the moist state to the air on filtering paper, 4t acquires a darker colour and 
shining surface, and begins to deliquesce, passing into a higher aqd, much more soluble 
oxide. It dissolves, as already observed, in a huge quantity of Wlttt, forming a dark 
red solution, which gelatinises when kept for three or four weeks fella olosod vessel, 
reddens litmus, a properly likewise retained by the hydrate precipitated from It k y 
sal-ammoniac, and has a somewhat astringent taste, with metallic after-taste/ Twi 
solution, when left to evaporate spontaneously, first gelatinises and ihen dims up 'to a 
dark brown, nearly black mass, given and blue on the edges, which is ns longer 
soluble in water. The hydrate is insoluble in caustic potash, but dissolves in aqUCOUS 
neutral carbonate of potassium, and more easily in theucid carbonate, from which solu- 
tion it is partially precipitated on boiling. It dissolves also in carbonato of ammo- 
nium, and is completely precipitated therefrom by boiling; the precipitate* is donaor 
and of a lighter yellow colour than that obtained with caustic ammonia, but dissolves*, 
like the latter, when- washed with water. A solution of molybdic oxide in an alkaline 
carbonate is converted by atmospheric oxidation into a molybdate of tho alkali-metal*. 

Molybdic hydrate dissolves in acid#, forming the molybdic salts. These salts may 
also be obtained by digesting an excess of metallic molybdenum with the ucid in 
which it is to l e dissolved, and adding nitric acid drop by drop till the other acid is 
saturated with molybdic oxide; or by digesting an excess of molybdenum with 
molybdic anhydride, and the acid which is required to dissolve the resulting 
molybdic oxide hydrochloric acid, for example till the blue colour first produced 
changes to reddish-brown ; or lastly, by digesting molybdic anhydride with copper and 
an acid, which in that, ease dissolves cupric and molybdic oxides together. The 
molybdic salts, in the anhydroiWhAtato, an* almost black, but when hydrated they are 
red, and yield reddish-brown solutions in water. They have a rough, somewhat! 
astringent and subsequently metallic taste. Their solutions when heated in contact 
with the air, have a tendency to become blue by oxidation. [For their behaviour with* 
reagents, see p. 10.19.] 

The oxides intermediate between iho di- and tri-oxides will lx^ described wr 
molybdic molybdates (p. 1039). 


Trioxide. Molybdic Anhydride, Anhydrous Molybdic acid, MoO*. — This oxide 
occurs native, as molybdic ochre or molybilin, forming an earthy coating on the 
native sulphide, sometimes also independently ; at Alteuberg in Saxony it occurs in 


native sulphide, sometimes also independently ; at Alteuberg in saxony ii occurs in 
rhombic prifcms of 130^48' (B re it ha up t, Jahrcsb. 1858, p. 683). It may be formed 
artificially by exposiug molybdenum Or its lower oxides, Of molybdic sulphide, to long- 
continued heat in contact with the air, by fusing the samembstanccs with nitre, or by 
heating the mi^;$fcite\>xidee in an atmosphere of aqueous vapour, or with hydrate of 
potassium. . 

Preparation. ' , 4 . From MolyMic Sulphide , — The precipitated sulphide, or the native 
mineral finely pulverised, is roasted, with continued stirring, in an open crucible pine**! 
in a slanting position, so that tho air may easily play upon it* surface. The native 
sulphide, however, generally contains alumina, oxide of copper, and phosphoric acid, 
the separation of which from the product is very troublesome. Hence itf is better tp 
heat the mineral in Jumps ih an open glass tube, through which A stream of sjr is 
drawn by an aspirator ; tho trioxide then sublimes in crystals in g state of pmtet 
purity. (Wohler, Ann. Ch. Pharm. c. 376.) - 

0. From native Molybdate of lead .— 1 The mineral finely pounded and freed from car- 
bonates of zinc, iron, and calcium, by digestion in dilate hydrochloric acid, and thoroughly 
washed by decantation, is heated with U pt. strong sulphuric acid, with constant stir- 
ring, till the sulphuric acid begins to evaporate. It is then allowed to cool , BConutonbU 
quantity of water is added, and the insoluble sulphate of lead is filtered oft Tk# 
filtrate is mixed with nitric add and evaporated, with constant stirring, in * porcelain 
basin, till the add begins to evaporate ; the molybdic anhydride then separatee a« a 
white powder, which may be freed from phosphoric add by washing with water, 
mixed at the last with #|j(r drops of nitric add.— Or the mineral, after treatment with 
dilute hydrochloric acid, ®y be evaporated to dryness Wttb f*®* hvdrochloric ftddL 
the dry residue {containing oxychloride of lead and molybdic anhydride) exhausted 
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with ammonia; the ammoniacal solution crystallised, or evaporated as before with 
nitric acid; and the rescue treated with water. Or again, the mineral is fused with 
its awn weight of calcined cream of tartar; the fused mass is exhausted with water ; 
the aqueous solution exaporated to dryness, after saturation with nitric acid ; and the 
nitrate of potassium is dissolved out of the residue with water : trioxide of molybdenum 
then remains behind. 

Properties.— Trioxide of molybdenum, as usually prepared, forms a white, light, 
porous mass, which when thrown into water, separates into small thin scales having a 
silky lustre and glistening in sunshine. Specific gravity » 3*49^t a red heat it melts 
to a dark yellow liquid, which on cooling forms a straw-yellow mass, breaking up into 
crystalline scales. JJy slow cooling of the melted mass, slender needles are obtained 
belonging to the trimetric system and exhibiting the fjices aaPao , ootf, § Poo &c. 
preferred to the prism ooP, observed by Breithaupt on molybdin). Ratio of secondary 
axes to principal axis = 1 : 0*3872 : 0 4792 (Nordenskiold, Pogg. Ann. cxii. 160). 
In close vessels it bears a strong red heat without volatilising ; but in open vessels or in 
a current of air, it sublimes at its melting point in colourless lamina?. 

Decompositions. — 1 . Molybdic trioxide is reduced : — 1 . To the metallic state by ignition 
with potassium or sodium (with vivid incandescence) or with charcoal; also when 
sf rofcgly heated in a stream of hydrogen. — 2. Tofnolybdous oxide, by digestion with hydro- 
chloric acid and amalgam of potassium, or zinc, or other metal capable of decomposing 
water. — 3. To molybdic oxide, by ignition in combination with ammonia, or by 
digestion with hydrochloric acid and molybdenum or copper; also, according to Buff 
(Ann. Cb. Pharm. cx. 257), by subjecting it in the fused state to th* action of the 
electric current, ; the molybdic oxide thus separated unites with the excess of trioxide, 
forming the compound Mo0 2 .2Mo0 8 or Mo'O 8 , which separates in crystalline lamin;e 
and gradually forms a conducting communication between the poles. — 4. To the state 
of blue oxide, by a small quantity oimilphydric acid. , in presence of water, or on exposure 
to heat, with'soparution of sulphur; by sulphurous acid, wilh production of sulphuric 
acid; by aqueous hydriodic*acid. , with separation of free iodine, and formation of a 
liquid which at first is green, but afterwards blue ; by boiling hydrochloric acid , with 
disengagement of chlorine ; by nitric oxide in presence of water, with formation of 
nitrous acid (K astn er,Kastn. Arch. xxvi. 465) ; by stannous chloride , with formation of 
stannic chloride; also by digestion with water and metallic molybdenum. — 5. To sulphide of 
molybdenum, by sulphydric acid in excess, in presence of water, or when aided bv heat. 
Molybdic trioxide is not affected by fusion with metallic molybdenum. (Berzelius.) 

Combinations . 1. With Water. — Molybdic trioxide is but slightly hygroscopic. 

It dissolves, according to Bueholz, in 500 parts of cold water, and in a much smaller 
quantify at a hither temperature: according to Hatchett, it requires 960 parts of hot 
water. The solution has a faint metallic taste, reddens litmus -paper, yields a red 
precipitate with ferrocyanide of potassium, but not till one of the stronger acids is 
added. Graham (Chera. Soc. J. xvii. 326), by dialysfb'g a solution of sodic molybdate 
mixed with a large excess of hydrochloric acid, has obtained a solution of molybdic 
acid (containing about 60 per cent, of the quantity present in the original solution), 
having a yellow colour, astringent to the taste, acid to test-paper, and capable of 
decomposing carbonates with effervescence. Evaporated to dryness at 100°, it leaves 
molybdic trioxide in scales like gmn or gelatin, and still soluble in water. It does 
not appear possible to obtain molybdic acid in the solid state. 

1 With Acids. The affinity of molybdic acid for other acids is very feeble. After 
ignition, it is but slightly soluble in a-boiling aqueous solution of cream of tartar; 
before ignition, however, it dissolves in some of the stronger acids, e.g. in boric , phos- 
phoric, sulphuric, nitric , and hydrochloric acids , forming compounds which may be 
■called permolybdic salts. The solutions thus obtained are sometimes colourless, 
sometimes yellow or brownish. By metallic zinc or tin, they are first turned blue, then 
gre$n, and lastly black, molybdo\is oxide being precipitated; by digestion with copper , 
they become dark red. Stannous chloride produces a greenish-blue precipitate, which 
dissolves in hydrochloric acid, forming a green solution. Sulphydric acid, in small 
quantities, colours them blue; in larger quantities it produces a blackish- brown 
precipitate (a mixture of disulphide of molybdenum with sulphur, according to 
Berzelius). Sulphide of ammonium behaves in a similar manner to sulphydric acid 
(Btffcltolz, Berzelius). Ferrocyanide of potassium produces a dense, reddish-brown 
precipitate, soluble in excess of the reagent, and also in ammonia (Berzelius). 
Ferricyanide of potassium gives a somewhat lighter coloured precipitate, which is 
likewise soluble in ammonia (H. Bose). Tincture of galls throws down a green 
precipitate. (Smithson.) 

Permolybdic Borate. Molybdic tri oxide dissolves in boiling aqueous boric acid, and 
the filtered solution yields by evaporation colonrlcss crystals, decomposiblc by alcohol 
into a yellow powdif and boric acid. (Berzelius.) 
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Permolybdic Nitrate. Tilt solution of tnolybdic trioxide in nitric aeidj* ftt Lilrix* 
brown, has a feebly acid and subsequently bitter, metallic, astringent taste, and |Wt* 
off nitric acid when evaporated. ' 

Pcrmotyhdic Phosphate or Phosphomedybdic Acid . Molybdic trioxide digested whilo 
still moist with a smull quantity of aqueous phosphoric acid, yields a lomou -yellow 
salt insoluble in water (Ber**lius), With a larger proportion of phosphoric add, 
this yellow salt dissolves on the application of heat, forming a rolourleav liquid, which 
yields by evaporation,, a tenacious, uncrystallisable, transparent mass, having a very* 
rough taste, and very^ioluhlo in water and in alcohol. The alcoholic solution is yellow, 
but turns blue on evaporation, and leaves a brown, opaque residue, which rediasolvea 
in water, forming a blue solution. (Berzelius ; sec also Svftjoberg and Struve, 
Ann. Cli. Pharm. Ixviii. *209, *293.) 

The yellow precipitate formed on adding molybdate of ammonium to tho solution of 
a tri basic phosphate (p. 103*2) appears to vary m composition according to the circum- 
stances of its formation ; at all events the formula* (all very complicated) assigned to* 
it l>y ditferent chemists do not agree with one another (see N utzinger, Jalrreso. 18^ 

p. 274.— Seligsohn, ibid. 18 6G. p. 376.— Egg or tz, *W. I860, p. 020).- [For tho 
modes of applying phosphonudybdie its a lest for the alkaloids, see l. 127.] 

Pcrmolybdic Sul phut*'. By boiling dilute sulphuric acid with an excess of molybdic 
trioxide, a turbid, milky liquid is obtained, which gelatinises on cooling, nud deposits 
pale yellow Hakes of n basic compound, sparingly soluble in water but not in alcohol* 
though the latter colours it grein. (Berzelius.) < # 

A solution of ...molybdic trioxide (not in excess) in dilute sulphuric acid lias a light 
yellow colour, and dries up to a lemon-yellow crystalline mass, which deliquesces in 
the air, but is only partially soluble in water (Berzelius). According to Ander- 
8 on (lWz. Jahresb. xxiii. if>l). the solution of molybdic acid in sulphuric acid docs 
not yield crystals on evaporation; but when molybdate of barium is decomposed tW 
excess of dilute sulphuric acid, and the clear solution evaporated over oil of vitriol* 
crystals arc obtained. . 

Permolybdic Tartrate. The solution of molybdic tri oxide in aqueous tartaric acid*, 
yields by evaporation a blue non crystalline mass, perfectly soluble in water and iifc 
alcohol. A boiling solution of acid tartrate of potassium easily dissolves molybdic tri- 
oxidc, even after ignition. The solution dries up to a gummy mass of pota&aio-prr- 
molybdic tartrate. (Berzelius.) 

3. With Base*, forming the Molybdates. Molylnlie trioxide exhibit* with -most 
metallic oxides the characters of an anhydrous acid, or anhydride, forming no utr a I 
molybdates containing R 7 O.MoO* or K 7 Mo0 4 ; acid and double 
which may be represented by the general formula R""Mo n O < '\ the tfittlocule R^being 
made up of two or more metals, including hydrogen; and anhydro-motyDaatSes, 
expressible by the general formula R'-Mo-O^wMoO* the letters m and n represent- 
ing whole numbers. The neutral molybdates of the alkali-metal* aro easily soluble 
in water, and are obtained by digesting molybdic anhydride with the aqueous alkalis 
or alkaline carbonates. They are decomposed by the stronger acids, with precipitation 
cither of s* less soluble acid suit, or of molybdic anhydride. Their behaviour with other 
reagents ha* been already described (p. 1032). The molybdates of the Other inctolatire 
insoluble, and are obtained by precipitation. They arc colourless unless they contain 


a coloured base. ' ^ 

Molybdate of Alum i n i u m. White precipitate, insoluble in water. V ' 

Molybdates of Ammonium. The T«utral§fiJt t (NH 4 )*MoO\ is obtained bf :/ 
treating molybdic anhydride in excess with strong aqueous ammonia in • closed vest ©I, 
precipitating the solution with alcohol, and drying over quicklime. - 
F And salt *.— These are obtained by evaporating a solution of molybdic anbydruld 
in execs* of ammonia. If the evaporation takes place quickly, a crystalline powder!# 
precipitated, which, according to A van berg and Struve, is an 
(NH 4 )*O2Mu0* or (TfHM , Mo0 4 .MoO B . It is probable, however, that thus 

prepared contains 1 at. water, [ ( NH;) 7 0.2Mo0«.Il 7 0], in which case it regarded 

as an ammonio-hydric molybdate , ^‘JmoO 4 . A salt having this composition i# ilk 

fact described by v. Rath(Pogg. Ann. cx. 18) a* crystallising in moapclittl^itell^ 
*p coP3 . f ooP ecl . aipoo . - P . + «P. and having the ratio of « ^ 
o : 6 : c =» 0*6297 : 1 - 0 2936; the angle of the inclined axes — 91 Vtf} and ■- 

perfectly cleavable parallel to [ ocP» ]. " . 

a A utrermmonio-hexhydric-rruJylHlatt, M^O», separates from a sohl^ 


e. A Utranmonio-hexhydric-TnrdyMate, separates from a eolntte^ 

of molybdic anhydride in ammonia, wheu conc- ntmtef te th * *^*^****8 
to evaporate in the air, in large transparent six- sided pnstrts. (8v#Eljer$ and 

When a solution of this salt is boiled with ahumnicpchrorrd^ ferric or manganlf 
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Mo 9 0”.2H a 6, i^apmorpho&s with the coires ponding potassium-salt (p. 1049) ; 


i.thon evap 

Ijjn of which majjk-b#' represent* 

* iHj0V6Moo4f 20* 

• ' Y '-1 


doubla salts aro obtained, 
^*jS tbpt of the aluminic salt, viz, 

(Sim \ 

„ ^ _ ^ m,. '«'Ar.lMo"0"*.7H»0. ThiB salt 

ktalliaes in small, wh i te , fmih mg, quadrate ’$ates , lsjptdfublo in water than the cor- 
^‘“^‘‘“^^oeeiuni-salt (which diieobptat Ip $#67 ). The crystals 

£ water when exposod to the alftv (the remaining water of 

^between 100° and 120°, without foi^|lp^r^tre ; the remaining 3 at. 

• at a higher temperatui*1^^ ; ;|^^ heated, they yield a 

yellowish residue of alumina and molyb$<M^Wdride, retaining the form of the ori- 
ginal crystals. ' 

% The ammonio-ckromic salt ciystaUises^ ftijjtAU rose-red'qiiadratic plates, which giro 
off 5 at. water at 100° and 2 at. more at 1 20°, and*wben heat6cf^6iredness, leave a mix- 
ture of chromic oxido and molybdic anhydride; the amntonio- ferric halt forms yellowish- 
white crystals of the same form, but difficult to obtain pure in any considerable quantity. 

The ammonia-manganic salt , 5[(NH 4 ) 2 0.2Mqi 0 s ] + Mn 2 O s .6MoO* + 1 2 H 3 0, or 
(NIP)*' * •• - 

(Mnf 
H 8 

dissolves in 101 *7 pta. water at 1 7° ; is permannjifciii the air ; 'and gives off three-fourths 
of Its total quantity Of water at 100°^ (St ruvW.) .->•> 

Moltf (Niate* Of Barium. The monob&Vtic salt, Ba"Mo0 4 is precipitated as, a 
'sparingly soluble crystalline powder, on adding chlorido of barium to auolutips of 
molybdic acid in excess of ammonia. (Syan berg and Struve.) f - 

Schultze by fusing together 2 jpts. molybdate of sodium, 6 pts. chloride ofpariuia, 
apd 2'pts . chlorido of sodium, obtained Jihe same salt in distinct quadratic pyrami&s ^ 
y^fith 4 pts. sodic chloride it was obtained as a crystalline powder. . 

The salts IVTPJVIo'Q^H^O and I?a , H a Mo 4 O 20 .3H 2 O are obtained by precipitating 
the corresponding 'a.nd ammonium- salts with chloride of barium; and by 

decomposing monoburgtic inelybdato with dilute nitric acid, an anhydro-salt is formed 
containing Ba / 'Mo0b8®&ipff.4H 2 0, crystallised in small six-Aded prisms, fusiblo and 
insoluble in water. * (SVan berg and &t u v e. ) 

Mfoly bda te */ C<t dmium, Cd"Mo0 4 , if obtained in shining y^l^w by 

melting together $ pts. molybdate of sodium, 7 pts. chloride of cad^uii, andSs pts. 
gpxnmon sail; (Scnhltze.) ‘ v , 

- ' Molfobd ate of Calqium, Ca"MoCK is obtained by fusing together 2 pts. molyb- 
date of sodiurUjig pts. chloride of calcium, and 4 pts. common sal^in White, well- 
do velopod quadratic pyramids. ,f(Sc‘hul tzo.) ■ 

Cerous Molv§$atfHp]btairiG& by precipitation, in white flakeslnSblhble in watgr, 
but soluble in;swp^l $cid& exz’e 1 i u s.) 

MolybdaleJ^^^f^bramium. 4-tnmonio- and pot assist -chromic molybdates are 
obtained, as by dissolving chromic hydrate in the acid m^Pbdatos of 

am^pouium and pbfessium. 

t&olybdateojf Cobaltie obtained in greyish -green indistinct crystals, byfusing 1 pt. 
Il^pybdate of sodium witlj^pte. (phlor ide of cobalt and 2 pts. common salt. (Sch u l tzo.) ” 
^jCssric Mo ly hd <;f ^^^i ariflh-green jprocipitate sparingly soluble in water, decom- 
posed by acids. z e 1 in s). Acid molybdate of ammonium addod to a 

boiling solution >6f cup^RMfflpH^'thi^ws down a heavy green amorphous powder, con- 
sisting of a basic cupric md^wM^4Ci M 0.3Mo0 3 .5H 2 0, or 30u"MoO l .Cu / 'H 2 0 2 .4H ;! 0. 
By adding" molybdate of amittoniuui in excess to a cold solution of cupric sulphato, 
an ammonio-eupric salt is formed consisting of Ou"(NH 4 ) 2 Mo 2 0*.3MoO*.9H 2 0 or 
JCu''(NH 4 ) 2 H^jMo 4 0 2 ^6H 2 0. It is a white-blue crystalline powder which gives off 
4 at. water JSHteft -and 4 at. more at 200°. (Struve.) 

MolybiS^S^of Iron. Monoferrotis molybdate , Fe"Mo0 4 , is obtained in dark 
&*»» monoCfSnc prisms by fusing 1 pt. molybdate of sodium with 3 pts. ferrous chloride 
pts. common salt (Schultze). Ferrous sulphate added to a solution of potas- 
^JUb^bdate reduces the molybdic acid to a lower stage of oxidation ; but if chlorino 
Tflft passed through tho solution at. the same time, a bulky precipitate is formed, which, 
When dried ip tho air, forms n light yellow powder consisting of FeW.dMoOMdHK) 
.(Struve) 'A solution of hod molybdate of ammonium mixed with a neutral solution 
ferric chloride immediately produces a bulky sulphur yellow precipitate, which when 
lifed 4MoO , .7H«0. (Stei nacker, Jahresb. 1861, p. 238.) 

A inihcratlrom Nevada city in California, described by Owen (Jahresb. 1852. p. - 
887) a? a ferric molybdate, is, according to Genth (Sill. Am. J. [2) xxviii. 241;, very 
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turd of molybdjj^ 


v .. i rl.lo iu composition, and A] 
i rirnu h;i>uyitito. 

A m mimiu-Jrrric and Potassiofert^f m/^bdats^e&o outlined in the 
mentioned (p* 1037 ). 

Mo ly b<jk±t e of Lead. PbO.MoO* p^Pb^oO 4 . Thiesalt occurs native as 
ntitt or Yellow Uad are (GslbUriore) in mod iflod sqttart tables and octahedrons 

: » ^ L *- * r> ~T» ‘ 'Y 


ing to the dimetrie kystoin> the most freqh^nt rdfrins being P and P.oP.' '!#« 
1 574. AflgM$i£ : P in tK# terminal edges 90° 40'; fn thd l 


principal axis _ . „ _. r . , r . v , . 

edges — 131° 8 o'. (Cleavage indistinct parallel to P. It occurs also gnmuUriy massive, 
coarse or fine, firmly ooherent. Hardness m \76 to 3. Specific gravity — e*3 tq fi*9. 
Hast re resinous or adamantum* Colow wnw-y^dow. passing into orange-yellow, also 
siskin- and olive-green, yel^swisli-groy, gr^ih-wnite and-brourn. Streak white. Sub- 
transparent to subtmnsblqnrit. FracJtttro aubconclioYdal. llrittlc. When healed, it 
decrepitates strongly, and assumes a darker colour, disappearing however on cooling, 
and fuses to h yellow mass. When fused ou charcoal be fort' the blowpipe, it sinks into 
the charcoal, leaving globules of lead, the charcoal at the same tiipe becoming impreg- 
nated pith molybdenum and mnplybdide Of fend. It dissolve* easily in borax and in 
microcosmic *alt k exhibiting the reactions of molybdenum already mentioned (p. 1082). 

It dissolves in hot nitric acid, with Separation of yellowish-whips perinolybdic nitrate, 
(p. 1037). Strong hydrochloric acid dissolves it, forming a green solution, together 
with chloride of lead, which Separates more completely on uddition of alcohol It daft- 
solves also in miistia potash. * >• ' * ^ 

Molybdate of load occurs, with other lead ores, in veins of limestone, At Schwarten- * 
bnch/BWbpg, and Windish-Kappei, in Carinthia ; it is also found at Retxbauya, la 
Moldawa in tho Baunat, where the crystals arc red, ami Vicar coi> 
fcidorablc te**mblarfee to chromate of lead ; : in small quantities also «t the Southampton 
mid mine, Massachusetts, and in tine radish orange crystals, containing a trace of* 
chromic acid, arWheatley s lead mine near Phosnitfville, Ponnsylvuiiin. The specimeftf ?i 
from those several localities sre nearly pure, the proportion of inqiybdic anhydride 
found hy analysis varying from 37 65 to 40-5 per cent., and that '*iftflqftd-oxide from 
59 0 U 02-3 per cont., while the formula PbO.MoO* require* 118*5 per emit. MoU* and 
61 *5 PbO. The Bleiberg%iincnil contains n small quantity ’ O^Vitnadium. 

Mulybdatc of load is fbrmod iirtiflciuily by prucipithting nitrate qf load wi th neutral 
molybi^o qf ^hjgipnium ; alto, according to rtchulze, by fusing 2 pts^molybdi# 5 f 


sodi unv^hth chlqridq of lead and 1 pte. common salt. As - thus prepared, St 

forms crystals, white when pure, yellow if they contain a little phosphoric 
tun s, in varying^'oportion#, of molybdate of podium, chromato ^f potessiuin, chloride^ 
of lead, and common salt, yield crystal I j sod salts, whidh. whoa^ibey conUitt not more 
than li'per eent^hromato of load, are quadratic like those qf pure molybdate of lead, 
but with a deep^^ll colour ; with from 42 to 90 per teaV^WHUAteof lead, they are 
moftbelinic hiw vel lew. ‘ ' 

A -molybdate of lead from Pamplona, in South America, «** footolw Bulls* ing- 
ault ( AfHfcb'Oh • Pliys. 13] xlv. 325) to contain 73# per cont.Jf l |p|fe3<> , (#^MoO a , 2 9 
CIP, 1*3 0X 13 P*<)», 1*2 Cr*0\ 1*7 FeO*, 2*2 APO* and 981); he 

regards itssftfi a basic salt, Sl'bU.MoO* or Pb^MoOMfcPb 'O. 

Molybdate of Magnesium , Mg"Mo0 4 ._5H*O, is obtained in distinct crystt 
by boiling molybdic acid and magnesia alba with water, and evaporating tho tiltn 
it gives oif 3 at. water at 100°. (Struve.) •«’ 

-Molybdate of Manganese is obtained as a bem^g@|p|06|^^en^teUi n© powder, 
containing Mn"Mo0‘.U*O, V>y treating carlxmate ot With ttoolybduto of 

potassium or sodium ; it gives off its water abive 100<f, 18tfl«olV«s sparingly in boiling 
water, and when boiled for some time with the acid molybdate of potassium or sodifttn, 
yields double salts (Struve). Schultze, by fusing 1 pt. molybdate 5f sodiim* with 
3 pts. manganou s chloride, and 2 pts. common salt, obtained the u gj^yd rotn salt 
Mn“MoO‘, in Large dingy yellow crysUls having the aspect of bit ^ j^jy and ap- 
pearing under the microscope as small monoclinic [?} tablets. Togoth«Mp,W* »hlt , 
there are often formed Urge red-brown himin® of indeterminate form. 

Ammonia - and potaesio-mangonic molybdates are prepared by boilmg th# 
dates of ammonium and potassium with mangan c hydrate (pp. 1037, 1040). yf 
Molybdates of Mercury. On adding mercttrow( nitrate to a 
trimolybdate of potassium, a yellowish-white flocculent pt^pltote is formal wbidjM'* 
immediately collected on a filter, and washed till the wsifo-Water IftMT* *> ttjte 
on evaporation and ignition, consists of mercuroul dimolyidatt Or 
Hg ? 0.2MoO* or HgMoO\MoO*. It is yellowish -white and 
converted by prolonged washing, or more quickly by boiltng m the mother-liqu 
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golden-yellow needle-shaped crystals of Tieutral mercurous molybdate \ Hg 2 M oO 1 . 
.(Struve.) 

Molybdates of Molybdenum. There .are several oxides of molybdenum, inter- 
mediate in composition between the di- and tri-oxides, 'which aro probably molybdates 
containing molybdenum as their base. When a solution of molybdate of nynmoniiim is 
mixed with a solution of molybdic chloride, a blue precipitate is formed having tho 
composition ofamolybdic molybdate, Mo"0 2 . 4Mo T, 0 8 or Mo 4 *}’ 4 . The preeipi fate 
. thus formed is, however, a hydrate, which becomes nearly black when ignited. Tho 
same blue hydrate is formed by the oxidation of molybdic, or the reduction of permolyb- 
dic salts (pp. 1035, 1036). It is very sparingly soluble in sal-ammoniac, somewhat 
more in water, slightly also in alcohol. The aqueous Solution has a dark blue colour, 
remains unaltered at ordinal^ temperatures, but bleaches more and more by oxidatidti 
when evaporated by heat. A concentrated solution is resolved by alkalis immediately, 
a dilute solution on warming, into molybdic hydrate and molybdic anhydride. 

Another molybdic molybdate, supposed by Berzelius to hare the composition 
Mo0 2 .2MoO s =- Mo*0* J is formed when U mixture of the preceding compound with 
molybdic chloride is precipitated by ammonia, also when the blue oxide is digested 
with pulverised molybdenum, or when 2 pts. of the pulverised metal and l pt. molybdic 
trioxide aro digested with a large quantity of water in a closed vessel, the colour of the 
liquid then changing from blue to green. From these solutions pulverised sal-ammo- 
niac throws down the compound as an olive-green precipitate, which redissolves when 
wash$t with water. From the product obtained by the first method, water dissolves, 
first the compound J$oO a .4MoO* ( and afterwards molybdic hydrate. (Berzelius.) 

Molybdate of Nickel forms as a light apple-green precipitate. Schult 2 e, by 
fhsing molybdate of sodium with chloride of nickel, obtained it in leek-green mono- 
clinic prisms, together with lemon-yelloW crystals of indeterminate form. 

Molybdates of Potassium. — a. The neutral or monomolybdate, K 2 0.Mo0 3 , or 
K 2 MoO‘, is obtained by agitating the trimolybdate with alcoholic potash; it then 
separatee us an oily mass, which, when dried overtime and oil of vitriol, crystallises 
in four-sided prisms containing 2K 2 Mo0 4 .H*0. It is also produced by mixing a so- 
lution of molybdate of ammonium with excess of carbonate af^bissium, and evapo- 
rating to a syrup. 

3. When a solution of molybdic jacid in carbonate of potassium is mixed with strong 
nitric or hydrochloric acid, till a slight permanent precipitate appears, the liquid, after 
awhile, yields crystals of a salt containing 4K = O.0MoO*.6H*O, or (K*Il l0 )Mo*O 86 .l[*O ; 
and this salt is decomposed by water into the monomolybdate, which dissolves readily, 
and the trimolybdatc, which is sparingly soluble : 

2(4KX>.9MoO") - 3(K*O.MoO*) + 6(K 2 0.3MoO s ). 

The trimolybdatc dissolves easily in boiling water, and separates as a milky-white 
precipitate when the solution is quickly cooled ; but by slow cooling it is obtained in 
beautiful silky needles containing l^O.SMoCN.SIPO, or (K*H , )Mo 1 0 ,a .H*0. 

Nitric acid added in excess to a solution of molybdic. acid in carbonate of potassium, 
throws down a white precipitate, consisting sometimes of K a 0.4MoG*, sometimes of 
K z 0.5Mo0*, both anhydrous. (Svanberg and Struve.) 

Mo 6 0 24 .7H*0. — This salt, analogous in compo- 
sition to the ammonio-aluminlc molybdate already described (p. 1037), is prepared 
either by prolonged boiling of a solution of trimolybdate of potassium with aluminic 
hydrate; or by precipitating a solution of alum with a neutral molybdate, that of mag- 
nesium, for example, and boiling the washed precipitate, consisting of aluminic hydrate, 
sulphate, and molybdate (mixed perhaps w ith a little potash), with a solution of potassic 
trimolybdatc, and evaporating the filtrate to the crystallising point. It crystallises in 
group! of small white square tablets, soluble in 40 7 pts. water at 17°; is permanent in 
air at ordinary temperatures ; giv es off 6 at. w , ater at 1 00^ ; melts w hen more strongly 
heated, and solidifies on cooling to a yellowish crystalline mass, very slowly soluble in 
water and even in acids. (S t r u v e. ) 

The potassio-chromic salt of similar constitution, crystallise® in rose-coloured tablets 
soluble in 38*51 per cent, water at 17°, permanent in the air, giving off 10 at. water at 
100°, and behaving at higher temperatures like the aluminic salt. (Struve.) 

^Jfarhe yoiassio ferric salt forms yellowish-white crystals of the same formas the pre- 
ceding salts ; difficult to obtain in any considerable quantity. (Struve.) 

The potassfo-manyanie salt, 6K 3 O.Mn ? 0*.16MoO*.12H*0 or Mn" I Mo*0"2H 2 0, 

* H- J 

is prepared, either by boiling manganic hydrate with trimolybdate of potassium, or 


PoUissio-aluminie Molybdate, Al"' 
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better, by passing chlorine through •*. hot solution of potassic I ri molybdate, and 
gradually adding small quantities of manganous sulphate, as long as the solution. If 
thereby rendered darker in colour. The filtered liquid yields the double suit* after 
cooling or concentration, in shining orange-coloured rhombohedrons, haring the angle 
of their terminal edges - 107° 45‘. Ft dissolves in 884*3 pts. water at 17°, more 
easily in boiling water, by which however it is partially decomposed. It gives off 9 at 
water at 100°, 2 at, more at 160°, acquiring at the same time a darker colour; melta 
at a higher temperature, and solidifies on cooling into a brownish-red crystalline mass* 
With nitrate of silver, it forms a precipitate containing molybdic acid, manganic oxide, 
and silver-oxide, which decomposes during washing.' (Struve.) 

Molybdates of Silver . — fc. Neutral argentic molybdate, Ag J MoO*, is obtained by 
precipitating the neutral potassium -salt with qitratrof stiver as a yellowish-white, fioc- 
► eulent precipitate, which darkens on exposure to light, dissolves sparingly in water, 
easily in dilute nitric acid. 0. Trimolybdatc of potassium forms with nitrate of silver 
a yellowish-white floeculent precipitate, of somewhat variable composition, but agreeing 
best with the formula 2Ag 3 MoO*.8MoO\ (Svapborg and.Struve.) 

Arg (Titovs molybdate , AgHViMoO* ■» Ag 4 MoO\ is produced by the action of hydro- 
gen gas at ordinary temperatures on tin* neutral argentic salt ; or better, by passing 
hydrogen gas through a tube having a narrow aperture, into a saturated solution of 
the argentic salt in moderately strong aqueous ammonia ; the reduction then also takes 
place at ordinary temperatures, but much more quickly at 90° (at higher temperatures 
some of the silrer may be reduced to the metallic state), By the first inetliotl it is 
obtained as an amorphous mass ; by the second, as a black, shining, crystalline powder, 
consisting of regular octahedrons. It is dissolved by nitric acid, with evolution of 
nitric oxide, and decomposed by potash (not by dilute ammonia) with separation of 
black urgent oils oxide. (Wohlor, Ann. Ch. Pharm. exiv. 119 ) 

Molybdates of Sodium . — The neutral or disodie molybdate , NtcMoOMPO 
(commonly called the monomOlyhdate), is obtained by fusing molybdic anhydride with 
an equivalent quantity of crystal lisdfi carbonate of sodium. It is easily soluble in wafcef*, 
and crystallises in small octahedromqwhich melt and give off their water at a moderate 
heat. Sodio-hydrio giolybdato, NaHMoO 4 (or di molybdate , Na ? 0.2MoOMPO), ob- 
tained in a similar manner, crystallises in needles, and dissolves sparingly in cold, 
readily in boiling water. The disodio-h trabydric molybdate, Na‘ , lPMo*() n .6JPO (or 
trimolybdate , Nu*0.3MoO*.7H 2 0), is obtained, by adding nitric acid to u solution of 
tnolylnlic acid in carbonate of sodium, as a bulky white precipitate, more soluble than 
the coiresjKjnding potassium -Balt. Nitric acid, added in excess to a solution of 
molybdate of sodium, throws down nothing but molybdic anhydride. (Svanberg And 
S t r u v e.) 

Trimolybdatc of sodium boiled with alumina, chromic oxide, &c., forms double salts 
analogous to the potassium-salts above described. 

Molybdate of Strontium is obtained in well developed square pyramids by 
fusing together 1 rt. molybdate of sodium, 2 pts, chloride of strontium and 2 pts. 
common salt. (Schultze.) 

Molybdate of Zinc, Zu’MoO 4 , is obtained by fusing 2 pts. molybdate of sodium 
with 3 pts. chloride of zinc and (3 pts, common salt, in whit<* needles, with a tinge of 
yellow, appearing under the microscope as squure prisms, also exhibiting th« combi- 
nation P . rp; fusible without decomposition before the blowpipe. (Hchultze.) 

MOLYBDENUM, OXTBSOMIBES OI\ Molyltdous Oxy bromide, Mo'JIriO, 
is produced by heating rnolybdous bromide with dilute solutions of caustic alkalis; 
when treated with hydrochloric, hydriodic arid hydrobromic ftcid, it yields rnolybdous 
chlorobromide, &c. (11 1 om strand, see p. 1029 ). 

Permolybdic Uxy bromide, Mo’‘P>r 7 (P, in produce# by passing hrrmfne vnpcmr over 
the heated dioxide, or by fusing molybdic trioxide with boric or phosphoric anhydride, 
and heating the pulverised mass with bromide of potassium : 

MoO* 4* B*0 4 + 2KBr « 2KBO* + MoBriO*. 

When quickly sublimed, It % indistinct crystalline scales; by slow sublimation, 
more fully developed crystalline plates. It has a yellowish-red colour and fiitty lustre, 
deliquesces in the air, and forms a colourless solution with water. (BlomstrandA^ 

MOXT »P Wn g M , OZTCBIOBISZS OS*« Molybdcus OxyekloriMj^ 

ifoHJl^, is produced in the same manner ss the corresponding oxybromide and 
reacts in a similar manner with hydrochloric acid, &<*. j(Biomstran4 p, 1099.) 

Permolybdic Oxychlorides . «. Mo t 'C1 2 0* or Mod*. 2MoO*.— Discovered hy 
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Berzelius, first correctly analysed by H. Rose (Pogg. Ann. ad. 399). It is produced 
in. the amorphous state, when any other chlorine-compound of molybdenum is heated 
in contact with the air, and when the same compounds are exposed to moist air, even 
at ordinary temperatures (Bloinstrand, Jahresb. 1867, p. 193). In the crystal- 
line state it is obtained by the following processes : 1 . By passing chlorine over 
the heated dioxide (Berzelius). — 2 . By pouring strong sulphuric acid on a mixture 
of molybdic trioxide and potassic sulphate, evaporating the exgeg# of acid in a retort as 
completely as possible, then adding chloride of sodium, and heating again, whereupon 
the oxychloride sublimes ; but this process does not yield so pure a. product as the 
first (H. Rose). — 3. By repeated sublimation of the brown oxychloride (Blom- 
strand). — 4. By subliming a mixture of this brown compound and the amorphous 
modification of a (Blomstrand). It forms yellowish-white, delicate, crystalline scales 
(Berzelius); thin, translucent, nearly square plates of pale-reddish colour, or if 
obtained by the fourth method, thicker crystals of honoy-yellow colour and scarcely 
translucent (Blomstrand). Tastes sharp and astringent, with sweetish after-taste ; 
volatilises, without fusing, at a heat below redness; and is resolved by water into 
molybdic and hydrochloric acids, both of which remain dissolved ; it is soluble also 
in alcohol. 

A hydrate of the preceding compound, MoCl 2 0 2 .H 2 0, which may also be regarded 
ns a hydrochlorate. of molybdic trioxide , MoO s . 2 lICl, is obtained by parsing hydrochloric 
acid gus over the trioxido heated to 1 . 00 ° — 200 °, as a white crystalline, very volatile 
substance, which is resolved by heat into hydrochloric acid and trioxido of molyb- 
denum, but may be volatilised without decomposition in hydrochloric acid gas. It 
dissolves easily in water, but the solution when evaporated leaves nothing but 
molybdic trioxide (Debray. Ann. Ch. Pharm. cviii. 250). The permolybdic sulphate, 
nitrate, &c., described at p. 1037, are perhaps analogous in constitution to the compound 
just m«pt|ofled, but they have not been analysed. 

0 . Mo«Cft «0 or 2MoCl rt .MoO s ?. This is a green, easily fusible oxychloride, 
obtained by passing chlorine over an intimate mixture of molybdic oxide and charcoal 
(or even imperfectly reduced molybdenum still containing oxygen) heated by a 
common spirit-lamp. The bulky amorphous oxychloride which first forms M to be 
removed, and the sublimate which forms when the vapour has acquired a permanent 
blood-red colour is to be collected. It is indistinctly crystallised in dark g^ eeB tuft*? ; 
if formed at a somewhat stronger heat, in light, green metallic-shining scales. It 
molts and volatilises below 100 °, forming a dark red-brown vapour, and is decomposed 
by water, yielding hydrochloric acid and blue oxide of molybdenum. Hence, and 
from the results of analysis, Blomstrand regards if as Mo v Cl 9 if O h or 2 (MoCl < . 2 MoUP) + 
Mo 0 2 . 2 Mo 0 3 , but observes that the analytical numbers do not differ much from those 
required by the simpler formula above given. 

7 . Mo 4 Cl , 0 O s - (MoCM.MoCI s ).(Mo0 2 .MoO a ). This is a brown, easily fusible sub- 
stance, produced by the action of chlorine on a mixture of charcoal and sesquioxide of 
molybdenum (formed from the trioxido by the prolonged action of hydrogen at a red- 
heat, or by tlio reducing action of xiuc in the wet way). The latter part of the 
product is collected apart and purified by fractional sublimation in an atmosphere of 
hydrogen. When very slowly sublimed, it forms large brown or black-brown crystals. 
(Blomstrand.) 

5. Mo'-CPO* MoClMVfoO*. Produced, though only occasionally and in small 

quantity, by the action of chlorine at a moderate heat on a mixture of molybdic oxide 
uud charcoal, accompanying the green oxychloride 0 , which is formed towards the latter 
part of the process. It may be. freed fro nr the latter, and from any other compounds that 
may be preseut, by its inferior volatility, _ It forms well-defined prismatic ervstals of a 
dark violet colour by reflected, ruby-red by transmitted light ; it volatilises with 
difficulty, but without previous fusion. Water first dissolves it with slight rise of 
temperature, and then throws down u white precipitate, soluble in a larger quantity of 
Water. * 

MOITHBBNUM, PHOBPHIBB OF. Mo 2 Ph— A mixture of 1 pt. yellow tri* 
oxide of molybdenum containing phosphoric acid, and phosphoric acid 

containing lime,, is exposed for an hour in a charcoal the heat of a very 

strong coke fir^wheroby a grey blistered mass is formed^^pmf|Dg of small metallic- 
shining crystal# of phosphide of molybdenum, mixed withcWkic phosphate, and having 
its cavities lined with the same crystals. 

Phosphide of molybdenum forms a powder of specific gravity 6*107. The crystals 
conduct electricity.. It is very difficult to fuse; oxidises gradually in the ate without 
burning, bnt with incandescence on melting nitre . By hot nitric acid it is converted 
into phosphoric and molybdigt acids, ami dissolved. When gently heated in chlorine 
gas, it is converted, without visible combustion, into chloride of molybdenum and 
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chloride of phosphorus. In contact with cine it eliminates hydrogen from hydrochloric 
acid , and on addition of a copper salt ^ reduces copper on its surface. (Wohler and 
Rautenberg, Ann. Ch. Pharni. cix. 374.) 

MO&TBB1VVM, 8T7IPBXSB8 OF. Molybdenum unit on with sulphur in 
three proportions, forming the compounds MoS*. Mo8\ and MoS 4 . The hist two 
are sulphur-acids. Our knowledge of these sulphides and their salt* is almost wholly 
duo to the researches of ^Berzelius. 

Dlsulphids t»r Molybdlo Sulphide. Mo8 2 . — This compound occurs native aa 
Molybdenite (Molgbd&ngtanz, Wasscrldci\ generally in crystallo-laininar masses, more 
rarely in tabular crystals, ooP . oP' belonging to the hexagonal system, cleavabl* 
parallel to oP. Hardness « 1 to 1*5 ; easily impressed by the nail. specific 
gravity — 4*44 to 4*8. The mineral has a strung metallic lustre and pure lead-grey 
colour ; streak similar, but slightly inclined to green ; it forms a grey trace on pa^er, 
and a greenish trace on porcelain. It is oi*uque, scotile, and almost, malleable; lannmn 
highly flexible and elastic. 

Molybdenite is of frequent occurrence in primitive rocks, being sometimes found in 
metalliferous veins, especially of magnetic iron ore and tin ores. It is found in 
Cornwall, at Caldbeck Fell in Cumberland, in Saxony, Bohemia, Sweden, Norway, 
and Greenland, and at numerous loealities in the United Stales. It occurs nearly 
pure, but according to Svanberg and Struve, generally contains a small quantity of 
phosphoric acid (or phosphorus), a fact which must bo borne in mind when the 
mineral is used for the preparation of molybdate* of ammonium. 

Disulphide of molybdenum is produced artificially hy heating either of the higher 
sulphides, also by igniting the trioxido with sulphur. The artificial sulphide is a black 
shining powder. 

The disulphide heated in closed vessels, sustains a high temperature without fusing 
or undergoing any change, and according to H. Hose, iH not decomposed by ighition in 
dry hydrogen gas. When heated in the air, it is converted info mofybdie anhydride, 
with evolution of sulphurous anhydride. Before the blowpipe on charcoal it gives 
off sulphurous anhydride, covering the clmrcoui with a yellowish-white incrustation; 
but it bums with great difficulty, and the combustion is but imperfect. On platinum 
wire it colours the outer blowpipe flume green. It colours a bead of Itorax ^ mixed 
with nitre, dark brown in the inner flame, and light brown in the outer. 

It, decomposes vapour of water at a red heat slightly, but. at a higher tempera! uro 
with greater fftthlity. It detonates with nitre, forming u molybdate of potassium ; dis- 
solves readily in warm nitnonuriatic acid, producing molybdie and sulphuric acids, is 
easily oxidised by nilrir acid ; dissolves in l*>i!ing oil of vitriol with evolution of 
anhydride, and forms a blue solution. 

Trliulpblde. Sidphomolylnlic acid. MoS*.— This compound, the analogue of 
the trioxide, is formed by decomposing that compound with sulphydrie acid, viz. 
(1) by pussing the gas into a concent rated solution of an alkaline molybdate gttfi 
precipitating with an ucid ; or (*2) by adding sulphide of ammonium to the solution 
and then hydrochloric acid, both in excess. The whole of the molybdenum is then 
precipitated aa trisulphide, which settles down quickly, and must, be rapidly washed on 
a filter with water containing sulphydrie and hydrochloric acids, t.o prevent oxidation. 
As thus obtained it iH a black-brown powder which makes a dark brown streak on 
porcelain. When heated it gives off sulphur, ami iH converted into the disulphide. It 
dissolves, but not readily, in caustic alkalis, more easily at the boiling heat, under- 
going partial decomposition at the same time. It iH most easily dissolved hy alkaline 
monosttlp hides and tndphydrates, forming sulphur- salts called sulphornoly bdatos ; 
the alkaline disulphides do not dissolve it. 

The sulphornoly b dates are the analogues of the molyl dates, most of them 
being constituted according to the formula R 7 »S.Mo8* or IlfMoS*. There are also % 
few containing 2 fgb $ at. of the sulphur-acid. The sulphumolybdutea of the alkalK*- 
metals, alkaline £uth«Tnctals, und magnesium, are soluble in water; the rest arc insoluble. 
The alkali-metal ^a^tb^jPR- obtained by passing sulphydrie acid gas into concentrated 
solutions of the riiolybdatcs ; the insoluble salts by precipitating a 

neutral oxygen -sal with a soluble sulphomolyMate. J 

The aqueous soWfionSSftteutral sulphornoly Mates Imvc a fine r«Lf(|l<mrwhen pure, 
changing to brown, however, if they contain a small quantity of iroil or an excess of 
the soJpaur ftcsrdj.. During evaporation, they emit a constant odour of stdphydrie acid. 
Whc^cxpoeedjo the air, they remain unaltered, if they contain an excess of the sol- 
phur-acid ; in tws contrary ca.»-e, the solutions— and likewise the dry salts— are rapidly 
oxidised, the sulphide of the alkali -metal being converted into hyposulphite, while thus 
trisulphide of molybdenum is partly precipitated as such, partly con verted into triosd&f 
and blue oxide of molybdenum. The sulpho molybdates are decomposed by adAU’ 
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with evolution of yulphydric acid and precipitation of molybdic triaulphide. When 
heated to redneaa, they yield molybdous sulphide and a disulphide of the base, or give 
off 1 at. sulphur. 

Sulphomolybdate of Ammonium, (NH 4 ) 2 MoS 4 , soparyies from a concentrated 
aqueous solution mixed with alcohol in cinnabar- coloured scales, becoming dark brown 
on exposure to the air. The aqueous solution, if left to evaporatfj^yields at the 
edges a number of crystals which are green by reflected light, while in the middle it 
dries up to a black amorphous mass. The salt is sparingly solublo in alcohol. 

Bodenstatt (J. pr. Chem. Ixxviii. 186 ; Jahresb. 1859 , p. 108V by passing sulpliy- 
dric acid gas to supersaturation into a solution of impure molyibdic acid in hydro- 
chloric acid, mixed with a large quantity of sal-ammoniac and previously supersaturated 
with ammonia, obtained deep red crystals of a sulphoxy molybdate , (NII 4 ) 2 MoO*S 2 . 

Sutphomolybdates of Barium. — The neutral salt , Ba"MoS 4 , is obtained, as a* 
dark red amorphous mass, from the mother-liquor of the following salt. The trisul- 
phomolybdatCy Ba"S.3MoS 3 or Ba / 'MoS l .2MoS s , is obtained by boiling sulphide of 
barium with an excess of molybdic trisulphide, and separates from the hot filtrate on 
cooling, in small yellow shining crystals, which, whon laid on paper, crumble to a 
shining powder of the same colour. They give off water, and turn rod when heatod, 
and are decomposed by dilute, but not by concentrated hydrochloric acid. 

The cadmium- salt is a dark brown precipitate insoluble in water. 

An acid calcium-salt , probably Ca"MoSV2MoS 8 , is obtained like the correspond- 
ing barium-salt, and crystallises in short, shining, vermillion-coloured, needle-shaped 
crystals, permanent in air even at 100° ; hydrochloric acid blackens them by separating 
the sulphide of molybdenum. The mother-liquor of this salt, when evaporated, leaves 
the neutral calcium-salt in the form of a dark red varnish. 

Cerous sulphomol yhdate is a dark grey precipitate. On adding an alkaline 
sulphomolybdate to the solution of a ceric salt, only a slight precipitate is formed, but 
ammonia throws down from the resulting yellow solution a basic salt in the form of a 
brown gummy mass. 

The chromic salt is a dark brown precipitate, which turns green in drying. The 
cobalt - and copper*- salts, are dark' brown precipitates, the former soluble in sulphide 
of potassium. 

Tfie gold-salt ( auric ) is soluble in water, whence it separates after some time as a 
dark brown powder, becoming black when dry. 

Iron-salts. — The ferrous salt is soluble in water, forming a wine-red solution, 
which becomes darker and nearly black on exposure to the air ; when evaporated in a 
shallow vessel, together with sulphomolybdate of potassium, it ultimately separates 
from the latter as a black jelly, which, as well as the dilute solution, deposits a pale 
red-yellow powder by spontaneous evaporation. The ferric salt is a durk red precipi- 
tate which dissolves, with black colour, in excess of sulphide of potassium, but gener- 
ally separates again after 24 hours. When dry it is black and yields a brown powder. 

The lead-salt is a black precipitate, which when dry, forms a lead-grey, raetallic- 
shining streak on paper. 

Magnesium- salts. — By boiling molybdic trisulphide with sulphydrate of magne- 
sium, and cooling, a dark brown powder is obtained, consisting of an acid sulphomolyb- 
date of magnesium . The supernatant liquid contains the neutral-salt and dries up to 
a dark red varnish. 

Manganese- salts. — By digesting sulphide of manganese in excess with molybdic 
trisulphide, a brownish-yellow liquid is obtained, which dries up to a transparent 
varnish. Ammonia throws down from the solution a red basic salt, which is decomposed 
by a larger quantity of ammonia. Sulphide of manganese digested with excess of 
molybdic trisulphide forms an insoluble compound. 

Mercury -salts. — Mercurous sulphomolybdate is a nearly black, the mercuric salt 
a light brown precipitate. The nickel-salt resembles the cobalt-salt. The platinum- 
salt is a dark brown precipitate, black after drying. 

Pot as si um-sal ts . — a. The neutral salt, K*MoS*, is produced byheati ng a mixture of 
jvotassic carbonate, sulphur, charcoal powder and excess of molybdic trisulphide in a cru- 
cible, gently at first, afterwards very strongly. The black unfosed mass yields with water, 
after cooling, a dark red opaque solution. A similar solution is obtained by saturating a 
solution of potassic molybdate with sulphydric acid. When erapoceatlpih * cylindrical 
vessel at 40°, it yields four and six-sided prisms, with dihedral which are 

dark red by transmitted, but of a fine dark green colour by reflect edflqrbt, and yield a 
dark red powder, becoming green and shining by pressure. Alcohol added to the 
yed aqueous solution, throws down a dnrabar-colo ured powder, and the mixed 
liquid deposits scales of the same colour which acquire a green metallic lustre by 
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drying. The salt heated in an atmosphere of hydrogen is only partially decomposed 
into disulphide of potassium and ipolybdons sulphide, — J8. Another salt containing a 
larger proportion of molybdic trisulphide, is precipitated as a brown-yellow powder, 
when the solution of the neutral salt is mixed with a quantity of acetic acid sufficient 
to give it an acid reason. It is black after drying, and dissolves easily in boiling, 
slowly in cold-water, forming a yellow solution. A solution of the neutral salt, mixed 
with a small quantity of any other acid, becomes darker, in consequence of t he formation 
of this compound, but does not yield a precipitate. 

A compound of svlphonudyodaU and nitrate of jtotassium is obtained when a 
solution of equal quarts of the two salts is left to evaporate. It then separates in 
green metallic-shining scales, very much like sulphomolybdate of potassium, which 
bum away like gunpowder when heated. 

The silver- salt resembles the lead-salt in colour and streak. 

Sodium- 8d 1 1 s, — The neutral salt forms small dark red granular crystals, much 
more soluble in alcohol than tin* potassium -salt. It is almost completely reduced by 
ignition in hydrogen pis. There is also an arid sulphomnlyl slate of sodium, much 
less soluble than the neutral salt, and resembling the corresponding potassium-suit in 
all its properties. 

The stron ti u m -salts resemble the barium-salts. 

The uranium- and r »‘?j e- salts are dark brown precipitates; the stannou s 
salt is a black precipitate ; the s taunt c salt, a translucent brown precipitate becoming 
grey-brown wnen dry. 

Xetrasulpbide of Molybdenum. 1\ r.suhdtomofyhdic acid, MoH*. — This sulphide 
is thrown down by hydrochloric acid from the solutions of alkaline persulphomolybdiites, 
us a flocculent translucent precipitate of a line dark red coluur, shrinking togethiT when 
dry, into a coarse-grained mass, possessing a dark green metallic lqfctrc, and yielding ft 
dark red powder when triturated with "water. It is insoluble in Vat er and in acids. 
When boated in a ivtort, it gives oif water ami a small quantity of sulphurous 
anhydride, then a large quantity of sulphur, and leaves disulphide of molybdenum, 

l’ors ul phomoly bdat os. Tetrasulphide % of|nolybtlemim unites with basic metallic 
sulphides, forming salts roprosontod by the formula lt*RMoS* « lfMoS*. Most of 
thorn are durk rid and retain their colour unaltered when dry. The peratilphoipolyb- 
dates of the alkali-metals are soluble in water, and their solutions yield with acids iv 
precipitate of molybdic letrusulphide. 

The a mm on i u m-sa 1 1 is obtained by drenching moist molybdic tetmsulphidc with 
sulphydrute of ammonium, to whieh a little caustic ammonia may be advantageously 
added. A yellow powder is then formed, which becomes dark red when dry, is 
insoluble in alkaline liquids, sparingly soluble in cold, easily in hot water. 

Jlarium-sal t. — Yellow or red precipitate, insoluble in water, and not decomposed 
by dilute hydrochloric acid. Tin* ca lei tun- salt is precipitated after some time by 
alcohol from a mixture of thq, potassium -salt with chloride of calcium, as a cinnabar- 
coloured powder slightly soluble in water. 

The copper-salt is a precipitate dark coloured at first, but becoming red inclining 
to brown after it is collected. The gold -salt (nitric) is a brown precipitate which 
turns yellow and decomposes in drying, and when heated in contact with the air, burns, 
gives off sulphurous anhydride, assumes a golden-yellow colour, and when very strongly 
heated, yields a sublimate of molybdic trioxidc. 

Iron-salt . — Red precipitate formed on adding the potassium-salt to an excess of 
a ferrous salt. 

The lithium-salt resembles the potassium -salt. The magnesium- salt is an 
insoluble red precipitate.— The mercurous salt in a dark almost brown precipitate. 

Potassium-salts . — When sulphomolybdate of potassium is boiled' with molybdic 
trisulphide (such a mixture is obtained by decomposing an acid molybdate of 
potassium with Bulphydric acid), the boiling being continued for several hours in a retort, 
a large quantity of sulphydric acid is given off with the watery vapours, and a copious 
precipitate is formed. On collecting the precipitate after cooling on a filter and 
tall the wash-water gives a. dark red flocculent precipitate with hydrochloric 
acid, a residue is obtained from which water extracts pcrsulphomolybdate of potassium, 
leaving of molybdenum behind. The resulting solution is red, and 

generally yieidjObe salt on evaporation in the form of a red muss, having the 
consistence otjSrextract. On one occasion, however, Berzelius observed the salt 
to separate fcojn the boiled mixture on cooling, in small ruby -coloured crystalline 
gnumW which could be separated from the rest of the precipitate by Irrigation* 
They appeared under the microscope as transversely striated rectangular scales; were 
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insoluble in cold water, hydrochloric acid, and potush, but soluble in hot water. At 
a low red heat, they decrepitated, gave off wator^ a small quantity of sulphur, and 
sulphydric acid, after which water extracted sulphide of potassium from them, leaving 
disulphide of molybdenum. ' 

When a dilute solution of sulphomolybdate of potassium contaiMUg an excess 
of molydic trisuiphide is exposed to a heat of 60° — 80°, it.becomSs turbid and 
gradually yields a lighter coloured deposit of persulphomolybdate of potassium, which, 
after drying, forms a yellow coherent mass consisting of small crystalline particles 
having a silky lustre*. The same mass is obtained by drenching molybdic tetra* 
sulphide with sulphydrabe of potassium. It is insoluble in cold, but soluble iu hot 
water. 

Persulphomolybdate of silver is a dark brown precipitate, black when 
collected. 

The sodium • and strontium-salts resemble the potassium- and barium-salts 
respectively. 

Tin- 8 alt 8. — The stannous salt is obtained from stannous chloride by double 
decomposition, as a dark brown precipitate. If the mixture be left for several days in 
an open vessel, the stannic salt is formed and the supernatant liquid becomes red.— 
The stannic salt is only partially precipitated, the rest remaining dissolved with the 
same colour. 


MOXiYBX>ZSr. Syn.^rith molybdic ochre, or native trioxido of molybdenum. 

SKOMORDICA. According to Lepine (J. Pharm. [3] xl. 16), Momordica 
charantia yields a solid fat melting at 65°. — -On the amount of elaterin contained in 
the fruit of Momordica Elateriu??i at different seasons, see Walz (N. Jahrb. Pharm. 
xi. 21). 

MOMO&DXCXir. Syn. with Elaterin (ii, 373). 

MOIST AJ&D.A., OZ1 OI*. The essential oil of an American Labiate plant, the 
Monarda punctata. It easily separates into a liquid oil and a camphor. The oil or 
essence is a yellowish-red liquid, having an odour of thyme, becoming light yellow 
after rectification with water, boiling at 224°, and easily resinising by oxidation. The 
camphor or stearoptene, when purified by pressure and distillation, forms shining crys- 
tals, melting at 48° and solidifying again at 38°. Its composition, according to Arppo’s 
analysis, is C ,0 H N 0 ; that of the oil separated from the stearoptene appears to bo 
(C 10 H ,4 )*0. The crystals absorb 2 or 3 per cent, hydrochloric acid gas. (Arppe, 
Ann. Ch. Pharm. lviii. 41 ; Handw. d. Chem. v. 377.) 


MONAZITB. Edwards ite, Mengite , Eremite. — A phosphate of cerium and lan- 
thanum, also containing tliorinum according to some authorities, occurring in monoclinic 
prisms, usually small and flattened. Ratio of axes, a : b : c : = P0265 : 1 : 0 94715. 
Anglo of b and c ==■ 76° 14'. Observed planes, ooPoo , [ coPoo ], +Poo , —Poo , +P r 
— P, ooP, [ ooP2], and others. Cleavage basal, very distinct and brilliant. Hardness 
n 6 to 5 5. Specific gravity 4 9 to 5* 25. The crystals have a brownish-red, 
hyacinth-red, or yellowish-brown colour, and resinous lustre ; they are substransparent 
to subtranslucent and rather brittle. The mineral is infusible before the blowpipe ; 
dissolves slowly in borax, forming a bead which is yellowish -green or yellowish-red 
while hot, colourless when cold. 

Analysis . — a. From Slatoust in the Ural; Brooke’s Mengite (Kersten, Pogg. Ann. 
xlvii. 386). — b. The same (Hermann,/ pr. Chem. xxxiii. 90).— c. Rio Chico, 
Antioquia, in New Granada : > 
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MnO. 
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of fhorinum. The analytical 
or ( Ce ; La ; Th£?'0 B ; but 


The presence of thorinum in raonazite has been moi^liiKl by Berzelius and Wohler. 
Hermann, on the jdjjitrary, defies it, and is of opinio# that a basic sulphate of cerium 

formed in the ana|||p has ,be<^ mistaken for solj] 1 *^ * Jl ‘ mL — * 

results may be represented by the formula (Qe ; 
new analyses are required to fix^the formula with ceitapily. 

Monazite was first obtained from Slatoust. l£ occurs also at N orwich^^^lfc|ter- 
town in Connecticut; 4ft Yorktown, Cheater County, York ; aa& noNP&|p#^ler v s 
Mountain, North Carolina. ^ i / 

MOVAUTOZB . The name jjfMkbl Herman n*fj. pr. Chegt xfc A 
variety of monazite from the U ral, Jti|f)rilynshed by its w'tj nigh** |jkc » * 

• With trac«» oftfiante acW potash. 
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gravity (=*5 281), and by the presence of tantalum. Hermann found in it 17*94 par 
cent. P‘0 4 , 49-35 CeO, 21 30 LaO, 1 60 CaO, 1*36 H v O, and 6-27 TaO*. It gives off 
a small quantity of chlorine when treated with hydrochloric acid, and dissolves, leaving 
a cousidenibkyyellow residue. 

MOXfffiSXSf. A compound resembling saponin, contained in an extractive substance 
called Mon r si a, which appears to be obtained from the bark of Ch n/so phylltt m g/ycy- 
pJkBum* a Brazilian plant of the sapotaccous order. (lies rone, Henry and Pay on, 
Ann. Ch. Pharm. xxxvii. 352.) 

MOiraUMTHL Syn. with Kapnite (p. 445). 

MOVO-OOMPO ii h uS. .This terra is applied to compounds containing 1 at. of 
the element specified, e. g., C*ll*ClO J , monochloracttic acid , C*HMI a .N f monophenyl- 
► amine , &c. 


MONOPHANB. Syn. with Epistu.wtr (ii. 491). 

MONOTROPA. Aeconling to F. L. Wincklcr (N. .Talirb. Pharm. riii. 322), the 
herb of Monotropa hj/popit’/s, gtithcml when the flowers are almost fully expanded, 
yields by distillation with water, a volatile oil identical with that of Gauft/uriaprocutn- 
oens (ii. 8*25). The residue of the distillation contained an acid. 


MONSADXTB. A magnesio-ferrous silicate from Bergen in Norway, where it 
occurs massive granular; also foliated, with one distinct and another imperfect, cleavage 
inclined at 130°. Hardness «= 6 nearly. Specific gravity m 3*2073. It has a pale 
yellow colour inclining to red, and a strong vitreous lustre. Contains 66-17 percent, 
silica, 3P63 magnesia, 8*66 ferrous oxide, and 4*t)l water ( ** 100*40, agreeing nearly 
with the formula 4(^Mg.yl?V/'SiO*.JI*0. (Erdmann, K. Vut. Acad, llaudl. 1842; 
liana, ii. 280.) 


lMCONKO&XTB. Syn. with Kyanitij (p. 449). 

MONTAHTINB. An alkaloid said by Van Mens to exist in China montana , the 
bark of Exostrmma fiorihundnm. Wincklcr was not able to And it. 

IKOPTTXCBX.X.XTXZ. A variety of chrysolite (i. 968). 

MONTMORXXiLONrrB. A rose-red, fragile, argillaceous substance found at 
hlotitmorillmi near OonfoleiiH in Clni rente, and near St. Jean do Colic in Dordogne. 
Contains 50 04 percent, silica, 20*16 alumina, 068 ferric oxide, 1*46 lime, 023 mag- 
nesia, 1*27 potash, and 26*0 water. (Dam our, Bull. Soc. geol. do France [2| iv. 464.) 

MOOVSTOKTE, A variety of translucent felspar from Ceylon. (Seo F ki.sc ah, 
ii. 620.) 

MOR9ABTTS. Sec Dyki.no (ii. 352). 

MORDENITB. A fibrous //-oil to fi*om the trap of the Bay of Fundy, Nova Scotia, 
the name being derived from Morden, a village near which it is found. It occurs in 
email concretions or geodes of white, yellowish or pinkish colour, and strong silky 
lustre, weathering dull; cleaves readily in directions parallel to the fibres ; is translu- 
cent on the edges. Hardness a little alnive 6. Specific gravity -■ 2*08. Rather 
brittle. Before the blowpipe it fuses at n strong heat to a glassy head, without intu- 
mescence; with hydrochloric acid it does not gelatinise but yields slimy silica. Contain* 
(mean of analyses) 68*40 per cent, silica, 12 77 alumina, 3*40 lime, 2*36 soda, and 13*02 
water ( = 100), agreeing very nearly with the formula, I ijNa.^ V')O.Ar‘ £ (J , .98iO*.GlDO, 
which is roduciblo to that of a mo bud Li cate, M*(R*)* , JI ,# Si‘ , 0*Mi*0. (How, Chera. Boc. 
J. xvii. 104.) 


MO&XC ACXX>, Morin. (R. Wagner, J. pr. Cbcm. Ii. 82 ; Hlasi wetz and 
Pfaundlcr, ihid. xc. 445.)— An acid existing in old fustic {Morux tinctoria ), and de- 
positfsl as a calcium-salb together with morintimnic acid, from an infusion of the wood 
on cooling To extract it, the deposit (sometimes called morin) is t rented several timed 
with boiling alcohol ; the alcoholic liquor is diluted with six tfmes its bulk of water, 
which precipitates the moral* of Calcium in the form of a yeHcw eryaUllmc powder, 
while the whole of the morintartaic add remains dissolved. The$*Ieium-sult is then 
dissolved in boiling alcohol, the precipiUted bfoxa. iio adgg^xid the moricttcid 

- |com the hot filtrate, njr water, purified by in alcohol and re* 

"by water, and finally dried over the waler-bath oat of contact with air 
masiwetz and B&andler treat the deposit above Mentioned twice with 
pre^ng^ and - * 


(p,A049), and a residue 
restdsie jxbdtted with fttft and a hille 
water and dlssol 
twJmm ot " Wt water, 

ia j*Uow cry*taU, wliieh pnnfled 

3 X 



obtain a solotffli of morin tannic add 
add and nitrate of calcium. This 
iC add (to decompose the calcfora- 
_ alcohol. The filtrate mixed with 
the greater part of the morie seid 
lotion in weak alcohol (using filters 
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free from lime and iron), and formation of a email quantity of lead- sulphide in the 
solution, to carry down resinous matters. 

Moric acid is a white crystalline powder, which gradually turns yellow in contact with 
the air. According to Hlasiwetz and Pfaundler, it crystallises in needles several lines 
long, mostly grouped in tufts. It is very sparingly soluble in water , requiring 4000 
pts. at 20° and 1060 pts. at 100° to dissolve it; very soluble in alcohol and in ether 
(Wagner)', sparingly soluble in ether, insoluble in sulphide of carbon (Hlasiwetz 
and Pfaundler). The solutions have a deep yellow colour, and slight acid reaction. 
Dried at 120°, it contains, according to Wagner, 55*2 per cent carbon, and 3'2 hydro- 
gen, numbers which may be represented by the formula C ,8 H ,4 0® H 2 0. This compo- 
sition differs but little from that of morintannic acid; indeed Delffs (Zeitschr. Chem. 
Pharm. 1862, p. 143) concludes, from his own experiments, that Wagner’s moric acid 
is nothing hut morintannic acid contaminated with colouring matter. On the other «, 
hand, Wagner (Chem. Centr. 1862, p. 399) still maintains the distinctness of moric 
from morintannic acid, inasmuch as the former is colourless, much less solublo in water 
than the latter, und reacts differently with alkalis. The difference between the two 
acids is further established by the experiments of Illasiwetz and Pfaundler. 

Moric acid bears a rather high temperature without decomposing. At 300° it 
blackens and gives off a considerable quantity of carbonic anhydride, together with a 
yellow oil which partly concretes on cooling, and consists of a mixture of phenol and 
oxyphenic acid (pyrocatcchin). It dissolves in weak acids without coloration; in 
strong sulphuric acid with brown-yellow colour, and is precipitated by water in its 
original state. The sulphuric acid solution decomposes when heated, giving off sul- 
phurous anhydride and phenol. Strong nitric acid converts moric acid into oxypicric 
acid. With caustic alkalis and their carbonates, inoric acid form solutions of a fine 
yellow colour : paper impregnated with it affords a delicate test for free alkalis. The 
solution does not precipitate qclatin , but it stains animal skin yellow. Ferric chloride 
colours the solution garnet-red (W agn or), deep olive-green (II 1 as i we tz and Pf au n d' 
lor). A solution of moric acid boiled with cujiric sulphate or acetate , after addition of 
potash, yields a precipitate of cuprous oxide. From an ummoniacal solution of silver- 
nitrate, it immediately reduces metallic silver. 

Moratc of Barium is produced by boiling the acid with recently precipitated car- 
bonate of barium : the resulting solution when evaporated yields the salt in tho form 
of a red-brown powder, apparently containing 3C l8 H ,s Ba0^ ,K H N 0 9 .lF0. The cal- 
cium-salt exists ready formed in fustic, and is deposited from its alcoholic solutiou in 
sulphur-yellow crystals which apparently contain C ,8 H ,3 CaO°.Il*’t), and give off their 
water at 100°. (Wagner.) 

IVXOllXtfDXir. A substance obtained by A nderson (Ed. Phil. Trans, xvi. [6] 
436; Ann. Ch. Pharm. lxxi. 216) from the root of Morinda citrrfolia , the “Al” root of 
the Hindoos, frequently used as a dye-stuff in the Madras Presidency. When this 
root is exhausted with boiling alcohol, the first decoctions deposit brown fiocks of 
morindiu contaminated with a red colouring matter, but the layt portions yield it in 
small radiated yellow crystals. The wholo is purified by repeated crystallisation from 
dilute alcohol slightly acidulated with hydrochloric acid. 

Morindin forms crystals having a fine yellow colour and satin lustre. It is spar- 
ingly solublo in cold, more soluble in boiling alcohol , especially when dilute; in abso- 
lute alcohol it is less soluble, and quite insoluble in ether. Cold water dissolves it but 
sparingly, sufficiently however to acquire a yellow colour; boiling water dissolves it 
easily, and deposits it on cooling as a gelatinous mass, destitute of crystalline structure. 

Morindin dried at 100° gives by analysis 55*4 per cent, carbon and 6*1 hydrogen, 
whence Anderson deduces the formula • c {F*IP s O ii or C* s H so O ,s (requiring 55*4 percent. 

C, 4*9 H, und 39*6 O). Roehleder regards it as identical with the ruberythric acid 
(64 *6 C, 6*2 H, 40*3 O), which he obtained from madder. 

Morindin dissolves in alkalis , forming orange-red solutions. Strong sulphuric acid 
colours it deep purple, or violet in thin layers ; the solution, if diluted with water alter 
24 hours, deposits yellow flocks of unaltered substance, quite insoluble ia cold water. 
And forming with ammonia, not an orange-red, but a violet solution. 

Hitric acid of specific gravity 1*38 dissolves morindin slowly in the cold, acquiring 
a deep red colour; on heating the liquid, a brisk reaction takes place; the solution 
boiled with nitric acid and neutralised with ammonia does not precipitate calcinm-salte, - 

Basic acetate of lead precipitates morindin in crimson flocks, which are not ify* 
stable and cannot be washed without loss of colouring matter. Solutions of baryta, 
strentia and lime form bulky precipitates sparingly soluble in water. 

Ferric Moride produces a brown Coloration, but no precipitate. An ammoniacal 
solution of morindin forms with alum a reddish liquid, and witbjfor& chloride a pre- 
cipitate having* the colour of ferric oxide. 

Morindin heated in a close vessel melts and boils, giving off orange-coloured vapours. 
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which condense in long slender yellowish-red needles of alizarin (Anderson’s 

u iorindone). , 

When powdered morinda-root is boiled with moderately dilute sulphuric acid, as in 
the ordinary garuncin process, its moriudiu is converted mto alizarin ; but the large 
quantity of brown matter produced at the same time, greatly diminishes the value of 
the dye-stuff obtained, as it renders the colours dull and the whites difficult to clear. 
The “ Al ” root is therefore never likely to compete successfully with madder, at least 
in Europe; nevertheless it affords the best known source of pure alizarin, this sub- 
stance, when prepared from it, being quite free from purpuriu, which, as is well known, 
is very difficult to separate completely from the alizarin prepared from ordinary 
madder. (Stenliouse, Chem. £>oc. J. xvii. 331.) 

MORZNDOKE. * Sec the last article. 

MORINGIC ACID. C'Tl'^O*.— Ail oily acid, homologous with oleic acid, 
obtained, together with stearic, palmitic and henie acids, by the supoiiiJicution of oil of 
ben ( Morimja aptera), It is colourless or faintly yellow, has a density of 0 008, a 
mawkish taste, which irritates the throat, and a faint odour. It redden* litmus paper; 
is very soluble in common alcohol, even in the cold ; sol id hies at the tree/.iug jxiint of 
water; is decomposed by heating with sulphuric acid. Waller found in it 7 0 0 per 
cent, carbon, and 117 hydrogen, the above formula requiring 7 10 t\ 11*8 H, and 
13-3 O. ( Gvrhurdt' s Trade de Chim. on/, ii. 88*2.) 

MORINTANNZC ACID. Mnclnrin. C- ,3 II ,W < >*. (R. Wagner, J. pr, ('hem. 

li 82. lilftsi wotz and l 1 fail ndler, rW. xc. 115 ; .lahresb. 1803, p. *701.) A variety 
of tannic acid which constitutes the chief colouring matter of old fustic {Moras thu'turia, 
or according to Hlasiwctz and lTaundler, Madura iincturia). H forms a large portion 
of the deposits found ill tlm interior of faggots of that wood, and may 1)0 obtained by 
treating these deposits with boiling water and leaving the extract to cool. Ihe acid is 
then deposited in the form of powder and maybe purified by crystallising it several 
times from pure water, and dissolving the cryst alline deposit in water slight ly acidulated 
w ith hydrochloric acid, to separate a resinous substance, and filtering the solution when 
it is no longer turbid. (Wagner.) li% . . ... 

A strongly concentrated aqueous decoction of fustic left to itself for some days yields 
ail abundant crystalline deposit, which when pressed and twice boiled with water 
Yields a residue consisting of crude moric acid and morale of calcium, and a solution of 
morintniinic. ticid, which deposits a portion of the acid on o V «|«mitiou, tl.o rest on nddt- 
tion of hydrochloric acid. It may he freed from resinous impurities hint, by c^atal- 
llsatioi. from water acidulated with hydrochloric and, and Anally l.v adding ><? »lj“ 
solution a small quantity of acetate of lead, and preeipilAting with sulpbydric aetd w 
presence of free acetic acid. (Illasiwetz and l’taundler.) > 

F Moriutannic acid is deposited from its solution as a light yellow crystalline now (It r, 
composed of microscopic prisms. It dissolves in 04 pts. of cold, and 214 ptn.of 
umttr. the solution having a slight acid reaction, and sweetish astringent taste, f asov also 
in aloohul, wood-spirit, and ilhcr ; hut is insoluble in oil of tunientiiio and in filed 
oils. The ethereal solution is greenish by reflected and brown by transmitted bght 

tV Tho n composi‘io“ ® f moriutannic acid is shown by the following analyses and 
calculations : 


At l 30 rj -» 4 <*\ 


At 100°. 


Calculation. 


c ,# 

69*64 

59-30 

H ,# 

3-81 

413 

O® 

36 05 

30-51 

C^H^O® 

100 00 

10000 


Hia*iw*;tz ami 
Pfauntilor. 

69-2.5 
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86 '57 
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n u 
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Calculation. 

66 71 
4*29 
4000 


W.i)jrjpr. Delffd. 
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5517 

4'4l 

jlO-42 

10000 


Ml 

4-4 

41-6 
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wizards the compound dried at 100° as identical witn mono bcm , uut » 
el read v observed (p. 1047), the difference between the two acids may be considered os 
s J t ! (^tablished by the recent researches of Hlasiwctz and Pfsuudlcr. 
^ntL^Smelto at 200- blackens and gives off water and acid vapour, at 
Im^lwea complete decomposition at 270°, yielding a large quantity of car- 
wi St^^Tn oTly dietiUati which partly solidifles on rolling, and leaving a 
Sty A. The dialled oil is a «Uta» of phend Mid 
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Bomefays, yields * brick-red deposit of rufimoric acid This acid is also depos.tcj 
ttftor n while from the solution of morintannic field m boiling dilute hydrochloric acid, 
Jiy boiling concentrated hydrochloric acid, and by oxidising agents, morintannic acid is 
decomposed, giving off the odour of phenol. With peroxide of manganese and sul- 
phuric acid, it gives off a large quantity of carbonic anhydride, together with formic 
acid. Strong nitric acid converts it into styphnic (oxypicric) acid. Chromic acid de- 
composes it easily and completely. Chlorine passed into its aqueous solution throws 
down yellow resinous flocks. (Wagner.) 

, The acid mixed with a solution of 3 pts. hydrate of potassium and evaporated in a 
jrflVer dish till it has become pasty is resoived into phloroglucin and protoea- 
iechuic acid. (Illasiwetz and Pfaundler): 

C l3 H ,d O a + H 2 0 = C 6 H a 0 9 + C 7 H 6 0 4 

Morintannic Phloro- Protocate- 

aci<1 * glucin. chuie acid. 

Morintannates. Morintannic acid unites directly with caustic alkalis and decom 
poses the alkaline and earthy carbonates when boiled with them ; the solutions oi 
the alkaline morintannatcs are yellow, but quickly turn brown or black in contact with 
the air, so that those salts cannot be obtained pure in the solid state. A solution of 
the acid forms a greenish precipitate with f err oso- ferric sulphate , yellow with acetate 
of lead , brown with potassio-antinwnic tartrate , yellowish-brown with cupric sulphate, 
yellowish-red with stannous chloride , yellow and flocculent with platinic chloride. It 
does not immediately precipitate a solution of alum, but on adding carbonate of potas- 
sium, a yellow lake is thrown down. 

A moderately concentrated solution of morintannic acid mixed at the boiling heat 
with a dilute solution of neutral lead-acetate , and quickly Altered, deposits small, yellow 
laminar crystals containing, when dried at 110°, which temperature they sustain with- 
out alteration, 33'0i> per oont. carbon, 2*00 hydrogen, and 45*76 lead-oxide, agreeing 
with the formula C^H^Pl/'O'^PI/'HH) 2 , which requires 32*84 C, 2* 10 II, and 40 00 
PbO (Illasiwetz and Pfaundl or). Wagner found in the lead-salt dried at 100°, 
32*01 per cent. 0, 2*17 H. and 44*27 PbO, which agrees nearly with the formula 
C 20 H ,8 Pb"0 1 9 . Pb"H *0* + IPO. 

MOROXITE. A greenish-blue variety of apatite, found at Arondal in Norway, 
and Pargas in Pin land. 

MOROXYLIC ACID. A volatile crystalline acid, said by Klaproth to exist 
as a calcium-salt in the stems of the mulberry tree (Morns alba). La n d erer found 
the same calcium-salt in the so-called Lachrymee Mori, which exude from mulberry 
stems. (Ilandw. d. Chem. v. 142.) 

MORPHETXNE. A product of the oxidation of morphine (p. 1032). 
MORPHINE, or MORPHIA. C ,7 1P 8 N0 3 .— This alkaloid, the most important 
of tlio opium-bases, was known in an impure state, as Magistcrium opii , in the seven- 
teenth century ; but it was not obtained as a well-defined organic base till 1816, when 
Sertiir nar published a series of important researches upon it (Gilb. Ann. iv. Cl ; Ivii, 
192; lix. 60). It has been further examined by Robiquet (Ann. Oh. Phys. [2] v. 275* 
li. 232); Pelletier and Cavcntou (ibid. xii. 122); Dumas and Pellet her (ibid. 
xxiv. 182); Lassaigne (ibid. xxv. 102) ; Dub lane (ibid, xxvii. 84); Liebig (ibid. 
xlvii. 105; Ann. Ch. Phurtn. xxvi. 41); Merck (Ann. Ch. Pharm. xviii. 79 ; xxi. 202; 
xxiv. 46); Kegnault, (Ann. Ch. Phys. {2] lxviii. 131); Laurent (i/mf. 1 3] xix. 361); 
Lefort (J. Pharm. [3] xl. 97); and Guibourt (ibid. xli. 97, 177). Good Smyrna 
opium generally contains from 10 to 15 per cent, morphine. Egyptian opium from 
6*8 to GG per cent. ; East Indian from *6*3 to 77 per cent. 

Preparation. — 1. Opium is exhausted with cold water; the extract after evaporation 
to a syrup at a gentle heat, is heated while yet warm with a largo excess of carbonate 
of sodium as long as ammonia continues to escape ; the resulting precipitate is collected 
after twenty-four hours, and washed with cold water ; and when the wash-water is no 
longer coloured, the precipitate is treated with alcohol of 86 per cent., again dried, and 
exhausted in the cold with very dilute acetic acid, care being taken not to add too much 
acid at once, and to wait till each portion is neutralised before adding more. The so- 
lution is then filtered, decolorised with animal charcoal, and precipitated by ammonia, 
care being taken to avoid an excess ; and the precipitate, after being well- washed, is dis- 
solved in boiling alcohol. The liquid on cooling deposits crystals of morphine, and an 
additional quantity may be obtained by concentrating the mother-liquors. (Merck.) 

2. Twenty pts. of opium cut in slices are boiled in sixty prs. water for half an hour, 
or until all the slices are opened out; the liquid is then strained, and the residue m 
squeezed apd again twice treated with fresh water in the same way. The united ex- 
tracts are boiled down to half their bulk, then stirred into a boiling lime-lye composed 
of 3 pta. slaked lime and 40 pta. water ; the liquid is boiled for a quarter of an hour. 



MORPHINE. 


1051 


and then strained ; and the calcareous residue is pressed and again twice boiled in 50 
pts. water. The whole of the calcareous liquors are now boiled down to 40 pts. nud 
mixed at boiliug heat with 2 pts. sal-ammoniac ; the hear is kept up for an hour, or <M 
long as ammonia is given ofF; the liquid is then allowed to cool; and after eight days the 
morphine, which separates in the form of brown granules, is collected: the mother-liquor 
yields another crop if further boiled down and left to itself. The product may be purified 
by w tushing in cold water, solution in hydrochloric acid, repented boiling with excess of 
milk of lime, and precipitation with sul ammoniac. ^Molir, Ann. Cln Pluirm. xxxv, 120.) 

3. The process most generally employed is that of Robertson, modified by 
Robiquct and Gregory (Ann. Ch. Phann. v. 87 ; vii.201). — Opium is macerated in 
water of 38°, till alt the soluble principles are extracted; the solution is evaj>oratc$ 
w'ith carbonate of calcium, which neutralises tho free acids; and when the liquid i$ 
sufficient ly concentrated, chloride of calcium is udded, whereby a precipitate of moeo- 
nute of calcium is formed, which carries down with it a considerable quantity of 
colouring matter. The opium bases remain in tho solution as hydroehloratos, and tho 
liquid, when again concentrated, first deposits more mcconato of calcium, and afterwards 
crystals of hydroehlorate of morphine mixed with hydroehlorate of codeine. Thoso 
salts arc easily purified by repeated crystallisation, with addition of animal charcoal. 

The two hydroehloratos are next dissolved in water and treated with ammonia, 
which precipitates the morphine, leaving the codeine dissolved. The morphine is 
finally purified by crystallisation from alcohol. 

Morphine prepared by either of the preceding processes is often contaminated with nar- 
cotine, from which however it may he freed by either of the following processes : — 1. Hy 
digestion in ether, which dissolves narootme mueh more easily than morphine. — »■ % 
dissolving the mixed bases m hydrochloric acid, evaporating to the crystallising point , and 
pressing the crystals, which consist entirely of hydroehlorate of morphine, the narcotine- 
salt remaining in the uncrystallisahle mother-liquor. — 3. Hy mixing tho hydrochloric 
acid solution with common Halt, which renders the liquid milky, and throws down tho 
narcotine after some days in crystalline agglomerations ; the morphine rimy then bo 
precipitated by ammonia. — 4. Iiy pouring a weak solution of caustic potash into the 
dilute solution of the hydroehlorutes ; the morphine then dissolves in a slight excess of 
potash, while the narcotine is deposited ns a curdy precipitate, which may bo separated 
by filtration. 

For a full account of the various methods used for the preparation and purification 
‘of morphine, see Gindin's Handbook, xvi. 410-423. 

Prnjur firs. — Morphine crystallises in colourless transparent prisms usually very short, 
belonging to the tri metric system. Observed combination: oq F . oo Pm . tV> . Angle 
c fiV : *r 127° 30'; c*P : ooP*: ll(i° 20* ; P*> : - 13*2° 20'; Pm : Pm 

™ 05° 20'. Cleavage parallel to o&Po© . It is inodorous but has a persistently bitter 
taste, and is extremely poisonous, exerting a strong narcotic action. In small doses it 
is much used in medicine as a soda live. 

Morphine is but vsry slightly soluble in cold water ; boiling water dissolves about of 
it, depositing the greater part of it in the crystalline form as it cords. Cold alcohol 
dissolves but little of it; boiling alcohol a larger quantity. It is insoluble in ether, and 
may thus la easily separated from narcotine, which is dissolved by ether. Morphine is 
likewise insoluble in volatile oils. Aqueous alkalis , even lime-water, dissolve it readily ; 
ammonia , however, but sparingly. 

Morphine turns the plane of polarisation of a luminous ray to the left. In the sftBtfe 
of concentrated solution in water acidulated with hydrochloric acid, its molecular rotar 
tory power is expressed by [a] — - 88 04. It ha# likewise about the same amount of 
rotatory power when dissolved in alcohol. 

The crystals of morphine melt when heated, giving off 5*04 per cent. («■* 1 at.) 
water of crystallisation ; at a high temperature they become carbonised. 

The composition of morphine dried at 120° is expressed by tho formula C l7 H ,# NO - , 
as seen from the following results of analysis : 
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The base called pseudomorphine or pliorminc, occasionally, found bv Pelletier 
In the aqueous extract of opium containing a large quantity of nareotine, and tb* meta- 
mo rp hi ne of Wittatein, found on one occasion only in the residue of the preparation 


* Aon. Ch. Ptoarm* sxri. 41. 
t lbto. xx*b 44* 


f Arm, Ch. Phy». Isvtlf, Ul. 

i Itfift. [3J %it. mi. , 



T052 MORPHINE. 

of opium-tincture, were probably nothing but impure morphine. (See Gindin's Rand, 
book, xvi. 440.) 

Reactions.— Morphine and its salts are very sensitive to the action of oxidising agent* 

1 Iodic acid is reduced by morphine either free or combined, the liquid turning brown 
and emitting an odour of iodine. This reaction will indicate the presence of l P t of 
morphine in 7000 pts. of liquid (Serullas). Periodic acid acts in the same manner 
Ammonia deepens the colour of a solution of iodic acid and morphine (J. Lefert 
J. Pharm. [3] xl. 97). When solid morphine or a morphine-salt is moistened with a 
solution of 1 pt iodfoacid in 15 pts . water, and a solution of 1 pt starch in 400 pts 
water is added a bins colour is produced, by which $±jth of a grain may he detected • 
if a drop of the starch-solution be previously evaporated with the morphine, the reac- 
tion will suttee for the detection of^—th of a grain. If a layer of very dilute ammo- 
nia he poured upon a solution of morphine mixed with, iodic acid and starch, then, 
even if only pt. of morphine is present, two coloured rings will be formed at the * 
surface of contact, the upper being blue, the lower brown; in more dilute solutions only 
the brown ring is produced. Other substances capable of reducing iodic acid may like- 
wise produce the blue ring, but not the brown ring at the same time. (A. Dupr6, 
Chem. News, viii. 267 ; Jahresb. 1863, p. 704.) 

2. Morphine and its salts slowly reduce nitrate of silver. 

.3. Ghloride of gold colours them blue, from reduction of the metal. 

4. They reduce permanganate of potassium , which acquires a green colour 

5. Ferric salts impart to morphine and its solutions a blue colour, which however is 
not permanent, and is destroyed by excess of acid, by heat, or by contact with alcohol. 
This reaction is characteristic of morphine (Robinet). A solution of morphine in 
sulphuric acid previously heated is coloured deep red by ferric chloride, the colour 
changing after awhile to dirty green. (Ilusemann, Ann. Ch. Pharm. cxxviii. 305.) 

6. When sulphate of morphine mixed with dilute sulphuric acid is boiled withper- 
oxide of lead, till the liquid is no longer precipitated by ammonia, the excess of sulphuric 
acid then removed by carbonate of lead, and the lead by sulphuretted hydrogen, the 
filtered liquid yields on evaporation a brown amorphous slightly bitter substance ( mor - 
phetine), which reddens litmus, is soluble in water, sparingly soluble in strong alcohol, 
acquires a darker colour by contact with alkalis, and is not precipitated by acetate of 
lead. By continued action of the peroxide of lead, it is converted into a yellow deli- 
quescent acid body. 

7. Nitric acid communicates to morphine an orange-red colour gradually changing to 
yellow. In this reaction, an acid body is produced which when boiled with potash 
gives off a volatile oil. (Anderson, Ann. Ch. Pharm. lxxv. 80.) 

8. Warm dilute sulphuric acid converts morphine into sulpliomorphide. 

9. Morphine dissolved in strong sulphuric acid containing a little nitric acid forms 
a violet-red solution (J. Erdmann, Ann. Ch. Pharm. exx. 88). According to A. 
Ilusemann {ibid, cxxviii. 305), this reaction maybe rendered much more certain and 
delicate by first dissolving the base in strong sulphuric acid, in the proportion of 
0*002 to 0 004 grm. to 6 or 8 drops of the acid, and then adding a drop of nitric acid, 
whereupon, if the morphine-solution has been recently prepared, a rose-colour is pro- 
duced, changing after a few seconds to yellow, then to greenish, and finally to brown. 

If a small qnantity of water be added to the solution of the morphine in sulphuric acid, 
so that the mixture becomes hot, the colouring produced by the subsequent addition of 
nitric acid is of a much deeper carmine-red, and much more durable. If the solu- 
tion be heated for a few miuutes to 100° — *150°, the addition of a drop of nitric acid 
produces, after cooling, a splendid deep jriolet colour, which gradually disappears from 
the centre outwards, passing through blood-red. If the temperature be raised above 
160°, the liquid acquires of itself at a certain moment, a violet-rose colour; at still 
higher temperatures, a dirty green colour is produced. On adding a drop of nitric 
acid, after cooling, the liquid immediately turns red, without passing through violet. 

A solution of morphine in sulphuric acid, left, to itself for 12 to 24 hours at ordinary 
temperatures, behaves as if it. had been heated to 100° — 150°. 

Hypochlorite of sodium, chlorine-water , and chlorate of potassium exhibit vhh mor- 
phine the same roactions as nitric acid. * 

With regard to the sensibility of these reactions, Husemann finds that Jth of a milli- 
grammeof morphine is sufficient to produce a very bright carmine colour ; Xth mgr. gives 
a very distinct reaction, and -^th mgr. still gives a perceptible tint after naif a minute. 

10. When chlorine is passed into water containing morphine in suspension, the mor- 
phine firdt acquires an orange colour, then dissolves completely ; and if the passage of 
the chlorine he continued, the liquid turns yellow, and deposits flakes partly soluble in 
alcohol, (jpelletier.) 

11. Iodine unites with morphine, forming the so-called iodomorphine (p. 1056). 
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Morphine heated to 200° with excess of hydrate of potassium, yields an alkaline dis- 
tillate containing methy lamina. 

12. Morphine heated with the iodide* of methyl and ethyl , yields hydriodate M 
methyl-morphine or of ethyl-morphine* 

To detect the presence of morphine when mixed with animal mutter, the sabstaocw 
Is mixed with alumina, dried between 100° and 110^, then well pulverised and mace- 
rated in cold water acidulated with acetic acid. The solution treated with tanmonia, 
deposits morphine, which may tlion be recognised by tho char^pters above described* 
especially by its reactions with iodic acid, ferric salts, aud nitri^acid. 

Estimation of Morphine in Opium . — 15 grms. of opitugi cut in pieces are triturated 
with 60 grms. alcohol of 71 per cent. ; the solution is st rained through linen; and the 
residue, after being pressed, is again treated in the same With 40 grms. alcohol. 
The alcoholic tincture mixed with 4 grms. of aqueous’ ammonia yields in 12 hours 
crystals of morphine and narcotiuc, which are collected, washed several times with 
water, and stirred up in the water ; tho crystals of morphine then sink to the bottom, 
while those of narcotine, being lighter, remain longer suspended and maybe separated 
by decantation (Guillermond, J. Phnrni. j[H] xvi. 17). Ttiegcl (Jahrb. pr. Phurtn. 
xxiii. 202) removes the narcotine precipitated together with the morphine, by washing 
with ether or with chloroform. According to Kevoil and Guibourt, the quantity of 
alcohol employed by G u i 1 1 e r in o n d is not sufficient for t he exhaust ion of t he opium, and 
1 2 hours is not t itne enough for complete crystallisation. U u i b o u rt t herefore treats dry 
powdered opium, or the aqueous extract of opium, with alcohol, either warm or cold, 
allowing it in either case to stand in the cold for 24 hours, to permit the separation of 
the resin, the wax, and a portion of the narcotiuc. The tincture is drawn oiT with a 
pipette, the residue washed with alcohol, and the entire liquid precipitated by a slight 
excess of ammonia. After evaporation of the excess of ammonia, the morphine is 
allowed to crystallise out completely, then collected and washed with alcohol of 60 per 
cent., afterwards with alcohol of 4 0 per cent., and finally with ether. Tho extract 
prepared with cold water from 20 to 30 grms. of opium may also be rodissolved in cold 
water; the solution precipitated l>y ammonia; and the precipitate collected after 36 
hours, washed with cold water, then with alcohol of 40 or 50 per cent., and crystallised 
from boiling alcohol of 85 per cent. (G ui bou rt.) 

F. F. Mayer (Am. J. Phorm. xxxv. 28) has given a volumetric process for estimat- 
ing morphine and other alkaloids founded on their proripifability l>y potatwio-mrrcurio 
iodide. The standard solution contains 1 3*516 grins, (k at.) mercuric chloride and 
49'8 grms. iodide of potassium in a litre; it is to bo added to tho solution to be tested 
(and not the contrary), and gives a perceptible precipitate with 1 pt.of morphine in 2500 
pts. water. The formation of the precipitate is not interfered with by extractive 
matters, but is prevented by alcohol; ammonia, and acetic acid ; to obtain greater 
accuracy, the excess of the precipitant may bo estimated by a standard silver-solution. 

On tho estimation of morphine, see further Fordo s (Compt. rend. xliv. 1256; 
Kopp’s Jahresb. 1867, 603); Meurein (J. Fharin. (3j xxiii. 176 and 262); Yu 
Kieffor (Ann. Ch. Pharm. ciii. 271) ; A. Petit (J. Phurrn. [3J xliii. 45); on an older 
process b/ Guillermond, see J. Pharm. xiv. 430. 

On tho detection and identification of morphine in ruses of poisoning, see Lass nig ns 
(Ann. Ch. Phys. [2] xxv. 102); Mermcr (J. Chim. xxiii. 12); Stas (J. Pharm. 
[3J xxii. 281); Flandin (Compt. rend, xxxvi. 517); Otto (Ann. Ch. Pharm. c. 46); 
v. Uslar and J. Erdmann (Ann. Ch. Phono, exx. 121); .J. Erdmann (Ann. 
(Ch. Fharin. exxii. 360); Helvig, Das Mikroscop in drr Toxicologic, Maiutz, 1864, 
p. 6 ; also the article, Alkaloids, in this Dictionary, i. 126. 

Balts Of IWorptxlne. — Morphine dissolves easily even in dilute acids, forming 
perfectly neutral salts. It decomposes certain salts of lead, iron, copper, and mercury, 
combining with their acids. Most morphine-salts are crystullisable, inodorous, bitter, 
and very poisonous ; they are soluble in water and in common alcohol, 'insoluble in ether, 
and in amylic alcohol. The solutions exhibit tho reactions jiItovc described for 
morphine. According to Lawwi^no and Feneulle, they deposit in tlic circuit of the 
volta^fyittery, needles of morphine at the negative, and tho ncid at the positive polo. 
TbehtniipH-ouH solutions mixed with amrtumia, potash, soda, baryta, lime , or magnesia 
deposit morphine as a crystalline powder solublo in excess of the precipitant, except 
fn the case of magnesia, difficultly soluble in excess of ammoma. According to 
Anderson (J. Pharm. [3] xiii. 143), the precipitate formed by ammonia b i composed 
of microscopic rhombohedral crystals. Morphine-salts are precipitated by the neutral 
carbonate* of the aUcali-metals, and the precipitate is not soluble in excess. The acid 
carbonate* of the alkali-metal* precipitate only a portion of the morphine from neutzml 
morphine-salts ; and do not form any precipitate in cold acid solutions. Tartaric add 
movents the precipitation of morphine by the acid carbonates pf the alkali-metal* 
(Oppermann, Compt rend, xxi, 210.) 
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With fluosilicic alcohol (a saturated alcoholic solution of fluoride of silicium) morohin. 
salts yield a crystalline precipitate ; withphosp^molybdipacid (p. 1037), a pale yZ ‘ 
flocculent precipitate ; they are also pTecipitatedbyphosphotunystic acid (a mixture of 
sodic tungstate and phosphoric acid), and by.phosphanttmonic acid (prepared bv 
dropping pentachloride of antimony into aqueous phosphoric acid), not, however whl 
the solution is diluted 1000 times. (F. Schultze.) ’ ’ 

Acetate of Morphine crystallises by spontaneous evaporation in tufts of 
needles very soluble in water, less soluble in alcohol. Its solution when evaporated 
by heat, is partly decomposed, giving off acetic acid and depositing crystals of 
morphine; by rapid evaporation , however, a varnish-like residue is obtained. 
Aspartate of Morphine is a gummy mass containing shining crystals, very 

soluble in water, 

Bromomercurate. — Besembles the iodomercnrate (p. 1055) and is obtained in a 

similar manner. (Groves.) 

Carbonate. — Morphine dissolves in water strongly charged with carbonic acid 
underpressure; and the solution cooled to a low temperature deposits carbonate of 
morphine in shortened prisms soluble in 4 pts. water, and decomposed by heat 
Alkaline carbonates added to solutions of morphine throw down the free base. 

Chlorate of Morphine forms long slender needles which decompose suddenly 
when heated, swelling up and carbonising. 

Chlorhydrate or Hydrochlorate of Morphine , C n H l# N0*.HCL3H*0, crys- 
tallises in silky fibres, soluble in 20 pts. of cold water, in 1 pt. boiling water and 
still more soluble in alcohol. 

Tho chloromercura te, C l7 H l9 NO s .HC1.21Tg"Cl 2 , separates as a white crystalline 
precipitate, on mixing tho solutions of its component salts, and tho filtered liquid 
deposits, after a while, tufts of silky crystals, having the same composition. It is very 
sparingly soluble in water, alcohol and ether at ordinary temperatures, more soluble 
in boiling alcohol, which deposits it in tho crystalline form. Hydrochloric acid 
dissolves it easily and deposits it by spontaneous evaporation in large crystals. 

The chloroplatinate, 2(C l7 JI ,0 NO*.IICl).PtCl 4 , is obtained as a yellow curdy 
precipitate; a certain quantity, howover, remains dissolved and may be crystallisod by 
evaporation at a gentle heat, 

Croconate of Morphine is a darkyollow uncry stalli sable bitter mass, soluble in 
water and in alcohol. 

Cynoplatinate of Morphine , 2(C ,7 H ,9 NO s .HCy).PtCy 2 . — Cyanide of platinum 
and potassium throws down from tho aqueous solution of acetate of morphine, au 
amorphous curdy precipitate which soon becomes crystalline, causing the liquid to 
solidify into a brilliant white mass. It forms shining globules and funnel-shaped 
depressed discs consisting of small microscopic needles having a silky lustre when 
dry; becomes dark -yellow when heated and white again on cooling; melts partially at 
160° to a brownish-yellow mass, and when further heated, swells up, gives off 
cyanogen, and burns with a sooty flame. It does not give off any water of crystallisa- 
tion at 125°. (Schwarfczenbach, Chem. Centr. 1860, p. 304.) 

Cyanurate of Morphine forms tufts of long needles mixed with crystals of 
cyanuric acid, even when morphine is present in excess. It is decomposed by reciys- 
tailisation, with formation of a white amorphous mass. 

Fluorhydraie or Hydrofluate of Morphine forms long colourless prisms 
sparingly soluble in water, insoluble in alcohol and ether. 

Formate. — Small bitter prisms fusible and easily soluble in water. 

Gallotannate . — Morphine-salts form with gallotannic acid, or tincture of galls, 
a whito precipitate sparingly soluble in water, freely in acetic acid, gallic acid, and 
mineral acids, soluble also m alcohol. 

Hip pur ate . — Transparent amorphous mass. 

Hy dr of err icy ana te. — Aqueous ferricyanide of potassium added to fltqtteous 
hydrochlorate of morphine forms, after a while, a crystalline easily decomposible 
precipitate (Dollfus); according to Neubaner, on the other hand, no precipitate 
is formed. — Hy dr of err o cyan ate. — Hydroferrocyanic acid throws down from an 
alcoholic solution of morphine, after long standing, small, white, easily decomposible 
needles, (pollfus.) 

lod hydrate or Hydviodate , C^H^NO^.HI.JHK)? — On mixing the solutions 
of 1 pt. iodide of potassium and 2 pts. acetate of morphine, small shining 
pr jgm n are obtained, moderately soluble in water, and containing 28*8 per cent, 
iodine. (Winckler.) 
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lodomerrurates . — Iodomcrcurate of potassium throws down from aqueous sulphate 
or hydrochlorate of morphine, ft pulverulent precipitate, which soon becomes gelatinous, 
and is insoluble in hydrochloric acid (Vv Plant a, Dolffs). When morphine, mercuric 
chloride, and iodide of potassium ore 'brought together in aqueous solution, a double 
salt, CHH-NOUIgH [or C‘ , NIl«0*.Hl.IIg > 'I*?] is precipitated, sparingly soluble in 
water, more soluble in alcohol. It is crystallise ble, free from water of crystallisation, 
not decomposed by dilute acids, even on tailing, or on addition of iodide of potns- 
aium; decomposed by caustic alkalis. (Groves, Ohem. iSoc. J. xi, 97.) 

Rinata of Morphine is a transparent gum exhibiting traces of crystallisation. 

Mee.onate of Morphine is unerystulli sable, very soluble in water mul in alcohol; 
reddens ferric salts. This suit is contained in aqueous oxtruct of opium. 

Mellitate. C ,7 H' v NO*.C 4 H*OV — The solution of morphine in hot concentrated 
aqueous mell.it ic acid soon deposits white, microscopic, needle-shaped crystals, which 
give off 2 per cent, of their weight at 110°. They are rather more soluble in cold 
than in hot water, freely in aqueous ammonia and potash, not. in alcohol or in ether 
(Iv arm rod t, Ann. Ch. Pharm. lxxxi. 171). A dihasia nuUitate appears to be formed, 
as a brown amorphous brittle mass, when cold aqueous mellitic acid is saturated with 
morphine, and the solution is evajHirated. (Karin rod t.) 

Nitrate of Morphine forms stellate rays soluble in 1^ pt. water. 

Veciate . — Hecently precipitated peel ic acid dissolves morphine., even in the add, 
forming a thick gum which, after dilution with water, is thickened again by acids. 
(Hraconuot.) 

Phosphate*. — Two phosphates of morphine appear to exist, the neutral aalt. crystal- 
lising in cubes, the aoid salt in ‘ufts. Phosphate of sodium added to solut ions of mor- 
phine-salt#, forms a crystalline precipitate very soluble in hydrochloric acid. 

Piarate.—. Picric acid forms with morphine-salts a sulphur-yellow pulverulent pre 
cipitate (v. PI ant a); no precipitate with the acetate.’ (A1 erck.) 

Pt/rotart rate . — Fissured gum, soluble in water and in alcohol. (Arppe.) 

Rhodiaonate, — llyacintli-red ; soluble, with reddish colour, in water aud in 
alcohol. (Holler.) 

Sulphates. — The next rat salt (C IT H lu NO s ) 2 .H*SOMoIPO, crystallises in tufts of 
colourless prisms, very soluble in water and having a silky lustre. They giveolf 1187 
percent. ( = 10 at.) water at 1 30°. There appears also to exist an arid sulphate of 
morphine, which is obtained by supersaturating I ho preceding salt with sulphuric acid, 
evaporating to dryness, and removing the excess of acid wilh ethor. 

When morphine is dissolved in dilute sulphuric acid, the solution ovnjioruted till it 
begins to decompose, and col l water then j.anired into it, a substance called sulpho- 
morphide is precipitated, having a constitution sirndar to that of an amide — that is 
to say, it may be regarded as produced from sulphate of morphine by elimination of 
water : 

(C ,7 H , *N0 , ) 2 IT 3 S0 4 - 2IPO ~ C«TT*N*0»& 

Sulphate of iworphino. Sulphomorphhlo. 

Sulphomorphide recently prepared is white and amorphous, but soon turns green 
even in scaled tubes. It dissolves in dilute acid and alkaline liquids. Strong acids 
and alkalis decompose it, forming a brown substance. 

Sulphoci/anatc, C ,r If lB NO a .CvHS.— An alcoholic solution of morphine saturated 
with moderately concentrated sulphocyanic acid yields small, shining, limpid needle* 
which melt at 100°. 

Neutral solutions of morphine are not precipitated by sulphocyanate of potassium. 

Tartrate s. a. Neutral , C ,T H , *NO l .C 4 H <, 0 <, .;iH 2 0.— When a solution of cream of 
tartar is neutralised with morphine, cream of tartar crystallises out first, then nodule® 
of the morphine-salt, which must be removed in time, so an to keep them separate from, 
the neutral tartrate of potassium which afterwards crystallises out. The salt may 
also be obtained by slow evaporation of an aqueous solution of tartaric acid neutralised 
with morphine. It forms nodular groups of crystals consisting of closely aggregated 
needles; effloresces on the surface at 20® ; loses on the average 6 '54 oer cent, water at 
130° (3 at — 6-8 per cent.), no more at 145°. Exhibits crystal-electricity (ii. 411) 
when heated to 130° or 140°, and retains it for an hour after cooling. Soluble in alcohol. 
The easily formed aqueous solution is not precipitated by caustic alkalis, alkaline carta* 
nates, chloride of calcium, or ammonio-chloride of calcium. (Arppo, J. pr. Cheat 
iiL 332 ) 

& Add salt, C' T H ,t N0 , .C 4 H*0 , .JH ? 0.— Obtained by mixing the solution of the 
neutral salt with as much tartaric acid as it already contains. Crystallises by spoil* 
taneous evaporation in tufts of long rectangular flattened prisms. The air-dried salt 
gives off 1*99 per cent, (^ at.) water at 140 . 



J056 morphium-mother.liquoe. 

Urate of Morphine is obtained by boiling uric a cid and morphine with water, and 

crystallises on cooling from a solution saturated at the boiling heat, in short brownish 
prisms which decompose when recrystallised. (Elderhorst.) 

Valerate of Morphine forms fine large crystals having a fatty lustre and 
smelling strongly of valerianic acid. The crystals belong to the trimetric system, and 

are always hemihedral. Observed combination cop . ocp oo . P go . . Angles measured 

& 

w P T> 

approximately, coP t ooP = 100°; £ : f* oo = 125° 47’ *, Poo : — = 148° 28'; ^ : a>P 
= 130°. (Pasteur, Ann. Ch. Phys. [3] xxxviii. 455.) 

Derivatives of Morphine . 

Iodomorpiiine, 4C l7 H ,# NO*.3P (?). — A mixture of equal pts. of iodine and mor- 
phine dissolves completely at the boiling heat, forming a brown liquid, which by spon- 
taneous evaporation deposits this compound in the form of a brown-red substance, the 
mother-liquor retaining hydriodate of morphine. The same compound is obtained by 
heating a solution of sulphate of morphine with iodine. It- dissolves in acid and alkaline 
liquids when heated therein. It gives by analysis 35*34 per cent, iodine, the formula 
requiring 39*87 per cent. 

Iodomorphine triturated with metallic mercury and a little alcohol gives up part of 
its iodine to the mercury, and is converted into a yellow amorphous mass, insoluble in 
cold water, sparingly soluble in boiling water, moderately soluble in alcohol, very 
soluble in alkaline liquids, insoluble in acids. Treated with nitrate of silver it yields a 
large quantity of iodide of silver. It melts when heated, giving off ammonia, without 
any trace of iodine. (Pelletier, Ann. Ch. Phys. lxiii. 185.) 

Methyl and Ethyl-morphine. The iodides of ethyl and methyl act upon 
morphine, producing hydriodates of bases in which 1 at. of the hydrogen of morphine 
is replaced by ethyl or methyl. 

Hydriodate of Methyl-morphine, C ,7 H ,8 (CH 8 )N0 a .HI.H 2 0, is very soluble in hot 
water, and is deposited on cooling in colourless rectangular needles, containing 4*04 
per cent, water (=1 at.). The solution treated with oxide of silver yields a brown 
amorphous mass, which is quickly attacked by iodide of methyl. 

Hydriodate of Ethyl-morphine , C l7 H , *(C 2 H 5 )NO a .HI.II 2 0, produced by heating 
morphine with iodide of ethyl and a small quantity of absolute alcohol, in a sealed 
tube, is very soluble in boiling water, and crystallises on cooling in slender needles, 
containing 1*98 per cent, water. It is sparingly soluble in ubsoluto alcohol, more 
soluble in ordinary spirit, permanent in the air. The aqueous solution is not precipi- 
tated by potash or ammonia. Hence this salt is probably analogous to iodide of tetre- 
thyl-ammonium, and the group C ,7 H lp 0 3 in morphine appears to bo equivalent to 3 at. 
hydrogen. 

The hydriodate is decomposed by oxide of silver, yielding a very caustic liquid which 
when evaporated leaves a dark brown amorphous mass. (II. How, Cliom. Soc. Qu. 
J.vi. 125.) 

MOSPBZUM. Syn. with Morphine. 

MORPHOUTES. Earthy concretions found in Sweden, consisting of marl with 
between 47 and 49 per cent, carbonate of calcium ; they have a slaty structure with 
lam i nee of unequal thickness and dissimilar colours. (See Imatra stones, p. 245.) 

MORTAR. Sec lire's Dictionary of Arts, Manufactures, and Mines , iii. 199. 

MORTrEtflTZ:. A brilliant variety of baryto-harmotome found at Strontian in 
Argyleshire (p. 13). 

MOSAIC GOLD. Or molu . An alloy of copper and zinc in equal parts. (See 
CorpER, Alloys of, ii. 49.) 

MOSAXTOJtXTE. A silico-titanato of cerium, calcium, &c., found in radiate 
masses and imperfectly developed (monoclinic ?) prisms, imbedded, together with lecuo- 
phane, titaniferous iron, fluor-spar, &c., in the syenite forming the islet of Lammarsk- 
jarct, at the entrance of the Langesundfjord, near Brevig in Norway. It has a dark 
red-brown colour, vitreous to fatty lustre, and is usually more or less weathered. Hard- 
ness = 4. Specific gravity =*- 2*93 to 2 98. Contains 29*93 per cent, silica, 9*90 
rifnnic anhydride, 26*56 oxides of cerium, lanthanum, and didymium, 1*83 ferricoxido, 
0*76 magnesia, 19*07 lime, 0*52 potash, 2*87 soda, and 8*90 water ( 100*33). 

(Erdmann, Berz. Jahresb. xxi. 178.) 

MOSS AOATS, See Agate (i. 62). 

MOTR RR-tT QTTOR or Mother-water. The portion of a mixed solution which 
remains after the less soluble salts or. other bodies have crystallised out 
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KOVaiR-or«flAA&. The hard ml very brilliant internal layer of several 
kinds of shells especially oyster shells, often exhibiting brilliant iridescence arising 
from the striated structure of its surface (see Light, p. 008). It contains about 66 par 
cent, carbonate ot calcium, 2*5 orgauic matter, and 31*5 water. 

MOtTKTAXV COBJL or MOUIfTaiH LBATHBE. A variety of asbestos 

in which the fibres are so interlaced that the fibrous structure is not apparent. 
MOUNTAIN BXJTX2. Syn. with ArruiTR. (See Cauhonates, i. 783.) 
MOUNTAIN GREEN. Syn. with Malachite. (Sec Cauhonatks, i. 783.) 

MOUNTAIN SOAP. See Stratitr. 


MUCAMIDE. C‘H ,J N*0« 


11 4 

(CH1 4 0*)*» 

H 4 


O* 

N 2 * 


(Malnguti, Compt. rend. xxii. 


854.) — Produced by the action of ammonia on mncic ether. It is white, very slightly 
soluble in boiling water, and separates on cooling in microscopic crystals having the 
form of an octahedron with rhombic base, truncated on both summits, and looking like 
bevelled plates. It is tasteless and insoluble both in alcohol and in ether. Specific 
gravity 1*5HJ) at 13*5°. Jlented with water to 13G°-140°, it is converted into mu eat* 
of ammonium : 

C*H M N*0« + 211*0 - C*1I"(NH 4 )*0". 


A boiling solution of mucamide mixed with nnmioninral acetate of lead forms a pre- 
cipitate of ammoniacal muoate of lead or nnu'ttfr of had ami jdumhammamum, 
C ,7 Il ,fl PlV’(NHlMd> , ')O u .(iHH). A boiling saturated solution of mucamide forms with 
ammoniacal nitrate of silver a specular deposit <>f metiillie, silver. 

Mucamide turns brown when heated a few degrees above 200°, and yields by dry 
distillation, water, dipyromneamide, a small quantity of pyromucic acid, earhonio 
anhydride, and carbonate of ammonium; the residue contains carbon and prim- 
cyanogen. 

JVTUCIC ACID. OH'W - (CMPO*)" 

1,3 

aci<l, was discovered by Schcclo in 1780, and has been examined chiefly by Laugier 
(Ann. Chim. xli. 70); llerzeliu*(iW. xcii. 141; xeiv.fi; xcv. 31); Malnguti 
(Ann. (’ll. Phys. [2] lx. 105; lxiii. 86); Liebig and Pel ouze (Ann. Cli. Pliurm. xix. 
258) ; Liebig (ibid. xxvi. 10) Hagen (Pugg. Ann. Ixxi. 531); Johnson (Ann. Oh. 
Pluirm. xciv. 225); Hud rich w a n c r t (i’5A/. cxvi. 227 ) ; see also Gm. xi. 502; Oorh.ii. 143. 

It is dibasic, and was formerly represented by the diatomic formula ^ ^ Jo^but 

from its relation to the sugars, it is now regarded as derived from the hcxatomic alcohol 
C 6 1I“0 8 by the substitution of 2 at. 0 for 4 at, II, being accordingly represented by 
H 4 ) 

the formula (C 8 li 4 0 , )*‘ [ 0*, the number of its basic hydrogen-atoms being, ns in other 


0*. — This acid, isomeric with saccharic 


similar eases, equal to the number of oxygen-atoms which have entered into it by 
substitution. (Kekul6, Is hr buck, ii, 237.) 

Mucic acid is formed by the oxidation of milk-sugar, lactose or gnlnctoso (p. 1023), 
roelitose, dulcite, and various kinds of gum (viz. gum-arabic, tragneunth, &c„). It is 
prepared by heating milk-sugar with moderately dilute nitric acid. According to 
Guckolborger (Ann. Ch. Pharm. lxiv. 348), the best proportions are l pt. milk- 
sugar to 2 pt*. nitric acid of specific gravity 142, the vessel being warmed till the 
reaction begins, then cooled, and afterwards gently warmed towards the end of tho 
process. The product thus obtained, amounts to GO — G5 per cent, of tho milk-sugar 
employed. According to Pasteur, lactose treated with nitric acid yields twice 
as much mucic acid as milk-sugar. Gum-arabic may also 1w used for the prepara- 
tion of mucic acid, 1 pt. of it being heated with 4 pts. nitric acid of specific gravity 135 ; 
but the acid thus obtained contuins calcium- salts. 

Crude mneic acid is purified by recrystmUUation from boiling water, or better, espe- 
cially if it has been prepared from gum, by dissolving it in ammonia, repeatedly 
crystallising the ammonium-salt from boiling water, and finally precipitating t he % 
mucic acid from the solution by nitric add at the boiling lieat. 

Mudc add crystallises in colourless tables with square base. It is sparingly soluble 
in cold water, soluble in 6 pts. of boiling water, and insoluble in alcohol. Sulphuric 

acid dissolves it with crimson colour. . . # 

Mode add boded for some time with water undergoes an isomeric transformation, 
and is converted into an aod (para mucic acid) mow soluble and mow energetic 
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than mucic acid : its salts are also more soluble than the mucates, but their snl *• 
in boiling water deposit mucates on cooling. niQtl °n8 

Mucic acid heated per se first melts, and then decomposes, fielding amon 

products, pyrom ucic acid and carbonic anhydride: ’ S ott a 

O>H‘°0 s = C S H‘0 3 + CO 1 + 3H s O. 


When oxidised by boiling with nitric acid ' it yields racemic and oxalic acids (Carlet), 
Distilled with sulphuric acid and peroxide of manganese, it gives off formic acid. By 
heating with caustic potash, it is converted into a mixture of acetate and oxalate: 
C a lV°O n = 2C 2 H 4 0 2 + C-H 2 0 4 . 


Mucic acid is converted by p cntnchloride of phosphorus into a peculiar dibasic 
chlorinated acid, C u H ,t Cl 2 0 4 , which has not been thoroughly investigated, but evidently 
stands to mucic acid in the same relation as chloromaleic acid, CTPCIO 4 , to tartaric 
acid, C 4 H a O e (Li -Bod art, Ann. Ch. Pharm. c. 325). Mucic acid heated with ////- 
driodic acid is converted into an acid having the composition of adipic acid, C ,0 H I0 6\ 
(Crum Brown, Ann. Ch. Pharm. exxv. 19.) 

Mncates. Mucic acid is dibasic. Its salts are for the most part neutral, of 
the form OH 8 M 2 0* ; but a few acid mucates of tho alkali-metals are also known. 
The alkali-metal mucates are very soluble in water; the rest arc mostly insoluble. 
The soluble mucates are decomposed by acids, with deposition of mucic acid. The 
mucates when heated give off the odour of caramel. 

Mucates of Amwonium. — The neutral salt , C°II K (NII 4 ) 2 0 8 , is obtained by super- 
saturating the hot solution of the acid with ammonia, and repeatedly crystallising the 
salt which forms on cooling. The crystals are colourless fiat four-sided prisms, 
which become soft and yellow at 220°, and between 220° and 210° arc resolved into 
water, carbonic anhydride, carbonate of ammonium, pyromucic acid, and dipyro- 
mucamide, whilo small quantities of charcoal and parnyanogen remain behind : 
C 6 II R (NIP)*0‘ t = CMI-'O* + CO "(Nil 4 ) 8 + 2 IPO 

M m ate of l'yromuclc Carbonate of 

ammonium. at id. ammonium. 

and C e n*(NH 4 )*0* = C 5 H«N*0 + CO 2 + 5IPO. 

Dipyroniucinnidp. 

Possibly the pyromucic acid, formed as in the manner represented by the first equation, 
is convertod into dipyromucaniido by the action of the carbonate of ammonium formed 
at the same time. 

Mucate of ammonium dissolves sparingly in cold, more freely in hot water: 
according to Malaguti, it is more soluble than the corresponding paramucate. 

Acid mucate of ammonium , G 8 1P(N1P)0 8 .IP0, prepared by neutralising 1 pt. of 
mucic acid with ammonia, and then adding an equal portion of t he acid, crystallises in 
colourless needles or thin prisms which, after drying over oil of vitriol, give off 7 '32 
per cent, water (=1 at.) at 100°. It is more soluble in water than the neutral salt, 
and when distilled yields the same products, together with a small quantity of a yellow 
oil, which is soluble in water, appears to boil below 100°, and quickly turns brown 
when exposed to the air. 

The mucates of barium, strontium, and calcium are precipitated on adding mucate of 
ammonium to the chlorides. The barium-salt dried at 100° is 2C°IPBa // 0 , ’.3H 2 0 ; tho 
calcium-salt dried at 100°, has a similar composition. 

Cupric mucate , C a ]P0u / 'O 8 .H 2 O (at 100°), is a bluish-white precipitate. 

Ferrous mucate , C‘H 8 I'V'O s .2H-0 (at 100°), is a yellow powder precipitated by 
alkaline mucates from ferrous sulphate. It is permanent at ordinary temperatures, but 
takes fire between 100° and 160°. 

Mucates of Lead . — A kexhasio (?) salt is obtained by precipitating basic acetate 
of lead with mucato of ammonium. The neutral salt , C°H 8 Pb"O t ‘.H*0, is obtained by 
precipitating nitrate, chloride, or neutral acetate of lead, with mucic acid or mucate 
of ammonium. It gives off its water at 130 J . 

Mucates of Potassium. — Tho neutral salt forms white granular crystals, con- 
taining 2C 6 H 8 K-0 8 .H i O, which remain unaltered at 100°, but turn yellow and give off 
1 at. water at 150°. The salt dissolves in 8 pts. of hot water, and separates almost 
completely on cooling; it is insoluble in alcohol. The acid salt, prepared like the acid 
ammonium-salt, forms transparent crystals, which when dried in the air or at 100° 
contain (^H # K0 8 .H*0. 

Mucate of Silver , OH’Ag 2 ^)®, is obtained by precipitating nitrate of silver with 
mucic add or a soluble mucate. It does not give off anything at 100°. 

Mucates of Sodium . — The neutral salt forms large transparent crystals con- 
taining 2C*H 8 Na 2 0 8 .9ll'0 which give off 8 at, wate^at 100°, and obstinately retain 

tlio l»«f rtfnm Thrt onlntinn if rnnirllv Jw^ilwT Hfttrn flpnn«lfi a wViit« iv>v^«r 
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containing 2C 3 IPNa*0*. H*0. — Th© acid sodium-salt, colourless shining prisms, oon- 
taining 2C*H # Nh0*,7H*0 : they give off their water at 100°. 

KUOIC BTEBB8. Amyl- in uric acid , C*H»(C*H ,l )0", iw produced by th© action 
of sulphuric acid on a mixture of amylic alcohol and mucic acid. It is crystallisable, 
diasolves in boiling water and in alcohol. 

Mucates o f Ethyl. The neutral compound, Cll’^O’ — (M1 R < O'lPy^O", commonly 
called mucic ethtT, is prepared by gently heating 1 pt, of mucic acid with 4 pts. of 
sulphuric acid till it turns black, then leaving it to cool, and adding 4 jpls. of alcohol of 
specific gravity 0814. The mixture left to itself for 24 hours solidifies it) a macs, 
which must bo shaken up with alcohol, thrown on n filter, washed with alcohol, and 
purified by repeated crystallisation from boiling alcohol. 

Mueate of ethyl crystallises in transparent four-aided prams, terminated by a single 
perpendicular face. It is insipid at first, but leaves a bitter aftertaste. It nielli at 
I50 u , and solidifies in a crystalline ma'-s at 1 !J5°. At a higher temperature )t is re- 
solved into alcohol, water, carbonic anhydride, ae»-tie acid, carburet ted hydrogen, pym- 
mucie acid, ami charcoal. It is insoluble in ether, Very soluble in ladling alcohol, very 
sparingly in cold alcohol; very soluble also in lanling water, which deposits it in well- 
defined crystals on cooling. The alkaline hydrates decompose it like other: ethers : 
ammonia converts it into mueamido. 

Ethyl much acid or Mucovinic acid, CH ,4 G» - C*U 0 (C 5 II ')()". In the preparation of 
neutral ethylie mueate, it sometimes happens that an aqueous solution of that com- 
pound not yet pure, gives off all at once a very dreidisl alcoholie odour, and yields by 
ovapomtion a substance totally different in appearance from the neutral ether. It is 
purified by treatment with alcohol, which removes tin* neutral ether, and the residue is 
crystallised two or three times from water. Th© product is pure when its solution is 
no longer rendered turbid by ammonia. 

Ethvlmucio acid is white, of asbestos-1 iko aspect, the form of its crystals Vicing that 
of a right prism with rhombic base. It is moderately soluble in water, very slightly 
in alcohol. It has a pure acid taste, and melts at with decomposition. Tho 

melted mass assumes a vitreous aspect on cooling, but after a considerable time it 
softens and again becomes opaque. 

i. thy l mueate of ammonium, C H Jl n (NH 4 )0", is very soluble, tasteless, and lias a slight 
acid reaction. Its solution precipitates tin? salts ot lead, silver, copper, barium, and 
strontium, very slightly those of calcium, and forms no precipitate with sails of cine, 
magnesium, &e. All the precipitates arc soluble in acetic acid. 

When a solution of ethylinncie acid is boiled with oxide of silver, carbonic anhydride! 
is evolved, a portion of t!io oxide is reduced, and a silver-compound is formed, which 
explodes when slightly heated. 

Mueate of Methyl , C1I H 0* - is prepared like mueate of ethyl, 

and crystallises from water or alcohol in lamina*, or hi flattened six-sided prisms, 
colourless, non- volatile, and tasteless. It is very soluble in boiling water, very little in 
boiling aleoliol. It decomposes at 103° without melting, and then chunges to a bluck 
liquid, which swells up, and gives offgases containing carbon. 

MUCKSINZLE. From experiments on 111© growth of these fungi (Jacopkora 
nigrans), Rani in (Cornpt. rend. lvii. 771) concludes flint they require for their normal 
development the elements of phosphate and sulphate of ammonium ami of tho carlxi- 
nutea of potassium, magnesium und manganese, hut that these elements rtro not all of 
equal value to them. If 20 grms. of t he plant are produced in a given time in a liquid 
containing all th© substances above mentioned, then in the mime time there will b© 
formed, in the absence of manganese, 5 grms. ; of sulphur, 2 ; of potassium and 

magnesium, only 1 grm. ; and in the absence of phosphorus, only half a gramme of th© 
plant. Experiments in which these fungi were developed in a confined volume of air, 
showed that the nitrogen of the air was not essential to their growth., Similar results, 
so far as regards the mineral constituents, have been obtained with plants of higher 
orders, by G. Ville (Cornpt. rend, lvii, 27d). 

M UCI LA OIt Tho gum of seeds, roots, &c. (See Gum, ii. 955.) 

mffgnr. The name of one of the constituents of gluten (ii. 873) ; also of th© chief 


constituent of animal mucus. 

BUTOVS. The normal secretion of mucous membranes. It is found in the resptrflr 
tory genito-urinary, digest ive. &c. passage# of animal bodies, mingled in certain «»tua- 
tTons with specific fluids furnished by special glands. It is very doubtial, howev^ 
whether theaerretion ought to be eonaidered a* the aame in all cawa, whether in fact 
ttie« ie a one thing, muctu, modified by the add.tion of other mattera ftom time to 
tim7 lid Z. a dherent auction altogether for each membrane or organ. : When ob- 
tained in a etata of approsimtte purity, mocue appear* ae an alkaline fluid of a Wty 
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peculiarly glairy, ropy nature. Under them, croupe are seen, besides fatty and otha 
granules, epithelial scales, varying in form and kind according to the nature of u e 
membrane from which the mucus is obtained, and the so-called mucus-corpuscles, 
which differ in no essential respect from pus-corpuscles. Ihese morphological ele- 
ments vary exceedingly in number in different specimens f but are rarely, if ever, wholly 


absent. 

Among the chemical constituents, the most important is mucin, a colloid substance, 
existing in the liquid in an undissolved condition. To its presence is due the peculiar 
ropiness of the secretion. - 

Mucin is insoluble in water, and can be separated from it byflltration, though Scherer 
found on one occasion a mucus which was soluble in water and readily passed through 
the filter. Heat produces no coagulation ; on the contrary, a real solution seems to be 
thereby effected. It may be precipitated by alcohol as a flocculent stringy mass, which 
on the subsequent addition of water, will swell up into its former colloid state. Dilute 
acetic acid and mineral acids precipitate it; concentrated acids dissolve it readily; 
alkalis, especially when dilute, also dissolve it. From its solution in weak acids it may 
be precipitated by alkalis added with caution. Ferrocyanide of potassium produces no 
precipitate either in alkaline or acid solutions, except, when a solution in strong acetic 
acid has been boiled. Tannic acid and basic acetato of lead throw it clown from a 
faintly alkaline solution ; the neutral acetate and mercuric chloride produce only a 
slight turbidity. Concentrated liot nitric acid colours it yellow. The addition of a 
large quantity of water generally coagulates it, probably owing to some of the solvent 
alkalis being thereby withdrawn. The difficulty of obtaining it pure detracts from the 
value of any elementary analysis. According to Scherer, 100 parts of it contain 
carbon 52*4, hydrogen 7*0, nitrogen 12*8, oxygen 27*8. It contains no sulphur, but 
gives 4 percent, ash, consisting chiefly of phosphate of calcium and alkaline carbonates. 
Mucin is found not only in ordinary mucus, but also in synovia, in tho contents of 
various cysts, in the pathological product known as “ colloid tissue ” and in the un- 
formed connective tissue of the umbilical cord and embryo. 

Besides mucin, mucus contains a very small quantity of fat, various extractive 
matters, and salts. Among the latter are sulphates and phosphates of the alkali-metals, 
with earthy phosphates and especially alkaline chlorides. According to B e rz el i u s, 1 00 
parts of nasal mucus contain 93*37 water, 5 33 mucin and *56 alkaline chlqjidc. Albumin 
is very often found in mucus, but may bo regarded as an abnormal constituent. In 
certain pathological states, various forms of albumin are poured out in abundance on 
the surface of mucous membranes, as transudations. The secretion is also said at 
times to chango from mucous into muco-purulent or purulent (see Pus). 

It has been thought that mucus was generated by the breaking-up of the epithelium 
of the mucous membranes. The want of relationship, however, between tho number of 
*mch epithelium scales and the amount of* mucin in any given quantity of mucus, and 
the presence of mucin in embryonal connective tissue, negative such an idea. Probably 
mucin is not secreted by the mucous membrane us such, but is developed on the free 
surfaces out of some unknown antecedents, perhaps in some such way as fibrin is 
formed out of its peculiar antecedents. 

The great use of mucus seems to be to lubricate the passages where it is found. A 
ferment-action has been largely attributed to it. The mucus present in urine is said 
to be a chief cause of the change which urea speedily undergoes into carbonate of am- 
monium in exposed urine. The weak power of converting starch into sugar possessed 
by many mucus-bearing fluids, not containing saliva, has been supposed to be due to 
the mucus. This however is doubtful. The catalytic action of urine on starch cer- 
tainly does not reside in its mucus (Cofi nheim). In the mucus of the respiratory 
passages (sputa) during certain pathological states (bronchitis), the alkaline chlorides 
are much increased. M. F. 


MUBASZir. An extractive matter obtained from mndar-root, the root of Asclcpia 
gigantea, L. (A. Duncan. Fontenelle, Ann, Ch. Pharm. xvii. 210.) 

MnrDBSXG ACX3). A product of the oxidation of mudesous acid. 

MVBH80V8 ACXX>. C^H^O 8 (?)-- Ah organic acid, which, in combination with 
alumina, forms the mineral called Pigotita, ffrund coating the walls of certain granite 
taverns in Cornwall. Pigotite is brown ; yields a yellowish powder ; is insoluble in water 
wntd alcohol ; gives off 27 per cent, water in drying ; and decomposes at higher tempera- 
tures, giving off erapyreumatic products, and leaving alumina mixed with charcoal. 
The acid separated from the alumina is dark-brown, permanent in the air, soluble in 
water, forms a deliquescent ammonium- Balt, and gives brown precipitates with metallic 
salts. Nitric acid converts it into mudeeieacid, a brpwnish-yellow substance, said 
to contain 2 at. oxygen more. Mudesous acid is supposed to have been formed from 
the remains of plants, its aqueous solution dissolving the alumina of tho decomposed 
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granite as it percolated through the cavities. (Johnston, 1 1 and w. d. Chem. r. 400; 
vi. 502.) ' 

A substance from Wicklow in Ireland, probably identical with Pigotite, has been 
examined by Apjohn (Jahrosb. 1852, p, 903). 

MULBOV8B BLUB. A blue dye, obtained by prolonged boiling of an alkaline 
solution of shellac with umlinc-red. (Schaffer and Oros-Konaud, Ball. Hoc. In- 
dustr. de Mulhouse, xxxi. 238; I\Ap. Chini. npp. iii. 278.) 

MULLER'S GLASS, or Hyalite. A variety of Ova^ (y. v. ). 

MULLXRITB. Syn. with Sylvanitr. 

MULLXCZTB. Syu. with Vivianitr. 

MULTIBLXBB, or Galvano meter (see Elkcthicity, ii. 443). 

MUNJEBT. liuhia Munji&ta. — This plant, also called Etutt Indian madder, is 
extensively cultivated in India, its root being used as a dyestuff for producing colours 
similar to those obtained from ordinary madder. The colouring mutters contained in 
it are, however, by no* means identical with those of common madder; in fact, 
Sten house has shown that it contains no alizarin, but that its colouring matter is a 
mixture of purpurin and an orange-dye, called m u nj is t i n (sec the next article). The 
colours which it produces are brighter than those of ordinary madder, but not so 
durable. 

The tinctorial power of munjoet was first examined by Uunge in 1835, who reported 
that it contained about twice as much available colouring matter as ordinary madder; 
but subsequent experiments, both by German and by English dyers, have shown that 
this result was incorrect, and that the colouring power of munjeot is actually much 
less than that of ordinary madder. 

The actual amount of colouring matter in munjoet, is indeed very nearly the same 
as in the best madder. St on house llmls that the garaueiii from lmuijcot, has about 
half the tinctorial power of that made from tho U>st madder, viz. Naples roots ; these, 
however, yield only about 30 to 33 jw*r cent, of garuneiu, whereas munjoet, according to 
the experiments of Mr. Higgin of Manchester, yields from 52 to 55 per cent. 

'1 iie inferiority of munjoet as a dyestuff results from its containing only the com- 
paratively feeble colouring matters purpurin and munjisfin, only a small part of tho 
latter being available, while its presence in large quantity appears to be positively 
injurious; so much so, indeed, that munjeobganiucin, freed by boiling water from tho 
greater part of the munjistin which it contains, yields much richer shades with 
alumina- mordants limn before. (Stenhouse, Proc. Roy. Hoc. xiii, 148.) 

MOTNJTXSTnr. Cl 1*0*. (StenhouBO, Proc. Roy. Hoc. xii. 033; xiii. 86, 145.) - 
An omnge colouring matter contained, together with purpurin, in munjoet or East 
Indian madder. It is rnyirly related in composilion to purpurin, C^lPO 3 , and alizarin, 
C^IPO 1 , differing from the former by 1 at. ami from tho latter by 2 at. carbon. It 
exists in munjoet in considerable quantity, and may be extracted by the following 
process ; — 

Each pound of munjoet in fine powder is boiled for four or five hours with 2 pounds 
of sulphate of aluminium and about 16 pounds of water, the operation being repeated 
two or three times; tho red liquor thus obtained is strained through cloth filters whilo 
still very hot ; and tho door filtrate is saturated with hydrochloric acid, whereby a 
bright-red precipitate is soon produced, which goes on increasing In quantity for 
about twelve hours if tho liquid is left at rest. This precipitate is collected on cloth 
filters, and washed with cold water till the greate r part of tho arid is removed ; then 
dried, pulverised, and digested in a percolator with boiling sulphide of carbon, which 
dissolves the crystallisable colouring principles of tho munjoet, ami leaves a considerable 
quantity of dark-coloured resinous matter. The excess of sulphide of carbon having 
been removed by distillation, the bright- red extract, consisting chiefly of a mixture of 
munjistin and purpurin, is repeatedly treated with moderate quantities of boiling 
water and filtered, the clear yellow filtrate consisting of b solution of munjistin, while 
nearly all the purpurin remains on the filter. The solution acidulated with hydro- 
chloric or sulphuric acid deposits the joflujistin in Large yellow flocks, which are 
slightly washed on a filter with cold Water, then dried by pressure, and dissolved in 
boiling spirits of wine, slightly acidulated with hydrochloric acid, to remove any adher- 
ing alumina. As the munjistin does not subside from cold alcoholic solutions, even 
when they are largely diluted with water, about three-fourths of the spirit must be 
distilled oft, after which the munjistin is deposited in huge yellow scales. By two or 
three crystallisations from spirit, in this manner, it may be rendered perfectly pure. 

Muqjistin may also be extracted directly from munjoet by boiling with water, acidu- 
lating the dark brownish-red filtrate with bydrochlonc acid, and treating the precipi- 
tate as above; but the process above described yields a better product The colouring 
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matter of munjeet may also be extracted by boiling solutions of alum ; but sulphate 
of aluminium is better adapted for the purpose, as the alum, by its tendency to crystal- 
lise, greatly impedes the filtration of the liquids. E. Kopp’s process with sulphurous 
acid (p. 749), is not applicable to munjeot. 

Properties. — Munjistin crystallises from alcohol in golden-yellow plates of great 
brilliancy. It is but moderately soluble in cold, but dissolves pretty readily in boiling 
water , forming a bright-yellow solution, from which it is deposited in flocks on cooling. 
It dissolves to some extent in cold but more readily in boiling alcohol , and is not 
precipitated therefrom by 'water. It dissolves, with bright-red colour, in aqueous 
carbonate of sodium ; with ammonia , it forms a red solution, having a slight tinge of 
brown ; with caustic soda , it produces a rich crimson colour. 

Munjistin, in some of its properties, bears considerable resemblance to the rubiacin of 
Sc hu nek (madder-orange ofliunge, p. 742); but according to Stokes (Proc. Roy. Soc. 
xii. 637), the two substances are perfectly distinguished by the colours of their solutions 
in carbonate of sodium, when a small quantity only of each is used, the solution of 
munjistin being red inclining to pinkish-orange, while that of rubiacin is claret-red; also 
by the absorption-bands which are seen on examining the spectra of these solutions 
(see Light, p. 638); both present a single minimum in the spectrum ; but while that of 
rubiacin extends only from about D to F, that of munjistin extends from a good way 
beyond D to some way beyond F. A farther distinction is afforded by the characters 
of the fluorescent light of the ethereal solutions of these substances, that of rubiacin 
being orange-yellow, while that of munjistin is yellow inclining to green. 

Munjistin sublimes more readily than either purpurin or alizarin, forming golden - 
yellow scales consisting of the unaltered substance. Neither sublimed munjistin, 
nor that obtained by crystallisation from alcohol and drying in a vacuum, loses any 
weight at 100°. When carefully heated in a tube it melts, and crystallises again 
on cooling. When strongly heated on platinum-foil, it readily takes fire, and burns 
away without residue. 

Munjistin dissolves readily in cold sulphuric acid , forming a bright-orange solution 
which may be heated nearly to boiling without blackening or evolution of sulphurous 
acid, and on dilution with wator, deposits tho muujistin in yellow flocks appa- 
rently unalterod. By digestion with moderately strong nitric acid, it is converted (like 
alizarin and purpurin) into phthalic acid, C"H‘ i 0 4 , together with a small quantity of 
oxalic acid. 

Pro mine-water added to a strong aqueous solution of munjistin throws down a 
pale-coloured ftocculent precipitate, which when dissolved in hot alcohol, yields tufts of 
crystals, evidently a substitution-product. 

Baryta-water forms a yellow precipitate with solutions of munjistin. Acetate of 
copper forms a brown precipitate very slightly soluble in acetic acid. Acetate of lea l 
added either to the aqueous or to the alcoholic solution, throws down a bright-crimson 
precipitate, which when washed with alcohol and dried in a vacuum, contains, on tho 
average, 34'8 percent, carbon. 19 hydrogen, and 48’5 load-oxide: agreeing nearly with 
the formula Pb"0.6C 18 I£ lo Pb"0*, analogous to that of the lead-compound of purpurin, 
Pb"O.5O 18 H l0 Pb"O t ‘, described by Wolff and Streeker (see Puuruuitf). 

Both the aqueous and alcoholic solutions of munjistin, when boiled with alumina , 
form a beautiful lake of a bright orange-colour, almost the whole of the munjistin being 
withdrawn from solution. This lake is soluble in a large excess of caustic soda, pro- 
ducing a fine crimson solution. Munjistin dyes cloth mordanted with alumina a bright 
orange ; with iron mordant it yields a brqwnish-purple colour, and with Turkey-red 
mordant a ploasing deep orange. Theso colours are moderately permanent, and bear 
the application of bran and soap tolerably well. 

When an ammoniacal solution of munjistin is exposed to the air, in a warm place, 
tho munjistin is gradually but completely decomposed, the greater part being changed 
into a brown humus-like substance insoluble in ammonia; while the remainder forms a 
non-crystalline colouring substance, analogous to purpurein (the product formed in like 
manner from purpurin, q. v.), and capable of dyeing unmordanted cloth of a brownish- 
orange colour. 

WUWTr S MSTAL. An alloy of copper and zinc used for sheathing ships, and 
for other purposes (see Copper, Alloys of, li 49). 

MHXltC JXXSON XTE A yellowish-grey or flesh-red variety of felspar from 

Heavitree, near Exeter. 

MxnRBZAN. Dialurimide (Laurent). — Discovered by Prout in 1818 (Ann. Ch. 
Phys. xi. 48), who called it Purpuric acid: further examined by Kod weiss (Pog£. 
Ann. xix. 12), and by Liebig and Wohler (Ann. Civ Pharra. xxvi. 3271k It is 
formed by the decomposition of murexide by the stronger acids, sulphuretted hydro- 
gen, or potash. It is obtained by adding sulphuric or hydrochloric acid to. > boiling 
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solution of mnrcxide in water or potash: the crystalline precipitate is purified by 
dissolving it in cold sulphuric acid, and precipitating by water; or by dissolving it 
in potash, and precipitating it by an acid. It is thus obtained as a heavy white 
powder, lustrous lik*< uramil, infusible, tasteless, and does not redden litmus. It 
turns red in air containing ammonia. It is almost, insoluble in cold water, re- 
quiring more than 10,000 pts. : insoluble in alcohol, ether, dilute sulphuric, hydro- 
chloric, or phosphoric acid, or in aqm*ons, acetic, tartaric, or citric acid. It is soluble 
in cold strong sulphuric acid, and reprecipitated by water also in aqueous alA'atis, 
without neutralising them, forming solutions which are colourless when air is ex- 
cluded. 

Murexan is decomposed by dry distillation^ yielding evanie acid ami other products. 
It is dissolved and decomposed by chforinc-umtrr, without yielding cyanic acid. 
When heated with strong nitric acid if is dissolved with effervescence, giving off 
nitrous ami carbonic anhydrides, and yielding on evaporation crystals of oxalate of 
murexan (Kod weiss). When heated with sulphuric acid , it evolves carlnmic anhy- 
dride and a little nitrogen, and forms a brown solution, containing ammonia, and not 
preeipitablo by water. Its colourless solution in ammonia turns purple whoa ex- 
posed to the air, and on evaporation yields crystals of in u rex i do : 

+ O + NIP = C a H"N*0* + IPO. 

Murexan. Murextdn. 

The purple solution is decolorised by exposure to oxygen-gas, oxalurate of ammonium 
being formed. 

Under certain circumstances murexan appears to combine with acids. It dissolves 
in warm dilute nitric acid without effervescence, and yields on evaporation small 
rhombohedra, which appear to bo nitrate of murexan. Win n dissolved in oxalic acid 
containing a little nitric acid, or when heated with strong nitric acid, it yields crystals 
by evaporation, which, according to Kod weiss, are oxalate of murexan. 

The composition of murexan is very variously stated. The analyses of Liebig and 
Wohler, and of Kod wo iss, yield very conflicting results: the former agrees toler- 
ably with the formula C*IPN"(.)**, which is accordingly adopted by Lie big and W 6 h lor. 
(ferhardt ( Clam . on/, i. 151 7) considers murexan as identical with dialurami 1c, 
CTPNW: a view which is advocated by Jlcilstein (Ann. Ch. Tharm. evii, 191), 
according to whose analyses murexan contains 29 51 percent, nitrogen, which agrees 
tolerably with 29*38, the calculated percentage in UMPNH)*. timclin adopts tin 
formula C*IPN 4 O a which gives percentages intermediate between the analyses, ami 
leads to the simplest equations. Laurent ((-ompt. rend. xxxv. 029) adopts the same 
formula, and regards the compound as dialurimide - N.C B Jl*N*OMl. 


calc. L. and W. 

I.. and W. 


rale, (.metis. 

C* 36 

33*33 

*33*32 

30*58* 

C* 96 

35 69 

H* 4 

3*70 

3 72 

2*22 

H T 7 

2*60 

N‘ J 28 

25*93 

25*72 

28*45 

N* 70 

26*02 

0 s * 40 

37-04 

37 24 

32*75 

( )* 96 

35*69 

CIILVO 2 * 108 

100 00 

100*00 

100*00 

C" Ji ’N ‘O 0 209 

100*00 


F. T. C. 

KiraEZZDB. See Puupvaats& 

Mtnuszozv, A product formed by the joint action of air and ammonia on 
amalic acid, and crystallising from warm water or alcohol in vermilion -coloured 
four-sided prisms, two faces of which reflect light, with gold-yellow colour. The solu- 
tion of this compound resembles that of murexidc, excepting that it is decolorised 
instead of being turned blue by potash, also by evaporation. When dried at 100°, 
it gives by analysis numbers agreeing approximately with the formula G**IP % 2P*(J xk , 
(Kochleder, J. p. Cbeiu. li. 398; Jahresb. 1850, p. 434.) 

MUBZACZTB. Syn. with Ahhydjiitk (i. 295). 

MnnfcXATZO ACID. The old name of chlorhydric or hydrochloric acid (l 890). 

KUBOXOaTZTB. A variety of orthite (q. v.) from Baden near Marie n berg in 
Saxony. 

MUSA. The ripe fruit of the Banana (Musa paradiriaca), grow n in Bengal, con- 
tains, according to Corenwinder (CompL rend. Ivii. 781), 739 per cent water, 4*82 
albumin, 0*2 cellulose, 0 63 fata, 19*66 cam-sugar and inverted sugar (together with 
organic acids, pectose, and traces of starch), 0 06 phosphoric anhydride, and 0 73 
lime, alkalis, iron, chlorine, &c. The ash of the busk of the ripe fruit was found to 
contain 47*98 carbonate of potassium. «*58 carbonate of sodium, 25 18 chloride of 
Voi* III. 3 Y 
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potassium, 5 66 alkaline phosphates (with a little sulphate), 7 ‘50 charcoal, 7‘lOlinu* 
silica, earthy phosphates, &c. (~ 100). 

In the milky juice of the flower-stem of the same plant, Comnille (J. Pharm. [3], 
xliii.^GO) found 25*27 per cent, potash, 9-52 soda, 15*85 lime, 5-00 magnesia, 0-87 
alumina, with a trace of ferric oxide, 6*30 chlorine, 0*96 sulphuric anhydride, 0 87 
phosphoric anhydride, 0 81 silica, and 3417 carbonic anhydride (calculated from the 
bases). 

MUSCLE. See Muscular Tissue. 

MUSCOVITE. Potash-mica. (See Mica, p. 1010.) 

MUSCULAR TISSUE. A. Striated 'muscles , — Voluntary Muscles, — Muscles of 
animal life, — Muscles taking part in energetic movements . — These consist of parallel pri- 
mitive bundles of fibres bound together with fatty and connective tissue, the latter 
affording gelatin, not proper to muscular tissue itself. Each fibre may be considered 
as a tube consisting of — 1. A sheath or sarcolemma, resembling, physically and chemi- 
cally, elastic tissue ; — 2. Nuclei, whoso exact chemical composition is unknown ; — 3. The 
muscle-substance or fluid (semifluid) contents of the sheath, marked with t lie transverse 
stria* ; — 4. Granules , &c M mostly fatty ; — 5. Terminations of nerves &c. (?) 

The living fibre is contractile, and very extensible (slight but very perfect elasticity) ; 
its substance is transparent. When the nutrition of a muscle is arrested, contractility 
is lost, and the condition known as rigor mortis comes on. The fibro is then opaque, 
is shorter and thicker than during life, and has lost much of its extensibility. The 
peculiar rigidity thus brought about passes away as putrefactive decomposition sets in. 

The rapidity with which rigor mortis appears in the muscles of an animal, after 
somatic death, depends upon a variety of circumstances. An apparently identical 
rigidity may be instantaneously brought about by plunging muscles in water or oil, at 
a temperature of 40° (for cold-blooded animals, 49° — 50° for mammals, 53° for 
birds; Kiihne, Myolog. Untersuch.), or by injecting into the blood-vessels various sub- 
stances, such as chloroform (Kiissmaul, Virchow Archiv. xiii. p. 289). Kigor mortis 
has been considered tis a species of contraction, — u the last vital effort of the dying 
muscle,” or the natural condition into which a muscle falls, when no longer sustained 
by life (Itadeliffe). It seems more probable, however, as will be seen below, that it 
is duo to a spontaneous coagulation of the muscle- substance. 

The reaction of the living fibro, when freed as far as possible from blood, is neutral 
or ampin chromatic. After death, with the onset of rigor mortis, it becomes acid, and 
continues so until changed by ammoniacal compounds generated in putrefaction. Tlio 
acid is probably formed first in the interior of the fibre, for the natural surface of the 
muscle remains neutral the longest; and if it be due to any process of oxidation, the 
oxygen must be furnished by the muscle-substance itself, since the presence of external 
oxygen is wholly unnecessary. The reaction cannot be attributed to the acid phosphate 
of potassium, for the mark on litmus is permanent, which in that case it would not be. 
It is generally supposed to be due to lactic (sarcolaet.ie) acid. When rigor is artifi- 
cially produced by a temperature of 40° (frogs), the reaction at the same time 
becomes acid. When muscles, however, are plunged into water at 75°, they coagulate 
immediately, with a distinctly alkaline reaction, and at intermediate degrees are 
neutral, with a tendency to acidity or alkalinity. The alkaline reaction at 76° is not 
due to any destruction of a temporarily formed acid, or to any neutralisation of it by 
the alkali set free by the coagulation of the albumin ; for muscles which Imre once 
become acid remain so, even when immers/d for some time in boiling water. So also 
muscles coagulated by being plunged into alcohol remain neutral. There seems, there- 
fore, to be no causal connection between rigor mortis and the post-mortem acid reaction. 
(I) u B o i s-Il e yiuon d, Moleschott. U ntlirsuch, 1 860, p. i. ) 

Though rigor mortis may be considered as a sign of death, the injection of blood 
through the vessels of a rigid limb will remove rigidity and restore contractility. 
(Stannius, Brown -Sequard). Kiihiie, however (op. cit.), denies that any such 
revival can take plaeo when rigidity and acidity have fairly set in. The rigidity 
nevertheless may be removed by an injection of chloride of sodium, and Kiihne makes 
(Untersuch. nber Protoplasma) the interesting observation that the acid reaction dis- 
appears at the game time ; and Preyer (Central-blatt. raed. wissensch. 1864, p. 769), 
states that if a blood- inject ion follow the chloride of sodium injection, contractility 
may be restored. 

The muscle-substance, whose fluidity is indicated by the wave-like phenomena of its 
contractions, by its movement towards the negative pole during the passage of an 
electric current (Kiihne). and by the behaviour of living parasites lodged within the 
sarcolemma, was supposed by B r ii c k e, and has been shown Dy Kii h n e (op. cit.), to con- 
tain a body whose spontaneous coagulation brings about the rigidity and opacity of the 
dead fibre. If a frog be opened, a 1 per cent, solution of chloride of sodium driven through 



MUSCULAR TISSUE 


1065 


the blood-vessels until all blood is removed, the muscles I hen rapidly chopped up trod 
subjected to firm pressure, a liquid will be obtained, which in a short time seta into a 
firm coagulum, while the remaining fragments of muscle show a great lack of rigidity. 
In such an experiment, however, much of the muscle-substance will, through the treat- 
ment, be rendered rigid before the liquid can be expressed from it. In order to obtain 
an nm'-iuit of coagulation sufiieient to justify the idea that the rigidity is due to tv 
coagulation of the musclo-substams' itself, and not of any lymph or plasma bathing the 
fibres, muscles freed from blood by the injection of the (1 per cent. 'I solution of chloride of 
sodium are frozen, minutely divided, mixed with four times their volume of snow contain- 
ing 1 per cent, of chloride of sodium, and the mass pulverised as far as possible. At — 3° 
the mixture will become sufficiently liquid to be filtered through linen; at 0° it may 
l-e rapidly passed through tillering paper. Tho filtrate then appears as a slightly opa- 
lescent fluid, which, excised to ordinary temperature, will spnxlily set into a coagulum 
ho firm, that the containing vessel may bo turned over without any fear of spilling the 
contents. At a temperature of coagulation takes place instantaneously. On 
standing the coagulum contracts, alter the fashion of a bloud-elot, but allows a great 
tendency to the production of Hocks and flakes, ami leaves the surrounding liquid highly 
opalescent. Adopting the phraseology used in speaking of blood, tin* fluid parts of 
muscle may be described as forming a muscle-plasma, which separates into t he musclt!- 
clot and muscle-serum. 

The act of coagulation may fairly J*e supjwjsod to be, like t hat of blood, 1 he union 
into an insoluble compound of two soluble factors. Kiihne found Unit, one of the 
factors of blood-coagulation, viz. globulin, increased and hastened the coagulation of 
muscle-plasma. The cause or determining circumstance of the coagulation is un- 
known. 

J/ year w (the name given by K ii line to the muscle-clot ) is, when thoroughly washed, 
completely neutral, forms when wet a white mass of little transparency, when dry a 
yellow horny substance. It gives the usual protein reactions, and contains sulphur. 
It is insoluble in water, alcohol, and ether, exceedingly soluble in very dilute acids, 
and alkalis, and in solutions of neutral sails of all degrees of concent rut ion. In a 
10 per cent, solution of chloride of sodium it is especially soluble, and may by this 
in uns bo extracted from muscles already coagulated, (lienee in brine there is id ways 
to be found a considerable quantity of it.) If such it solution in chloride of sodium bo 
added drop by drop to distilled water, the myosin is precipitated ju flakes or lumps, 
sometimes as little vesicles. The precipitate so formed is unaltered myosin, and 
is readily rcdissolvcd in tho chloride of sodium solution. The precipitate obt uined, 
however, by the neutralisation of dilute acid or alkaline solutions of myosin is no longer 
myosin; it lias ehang<*d in character, is no longer soluble iu the chloride of sodium 
solution, and exhibits the react ions of syntonin. 

In muscle- serum (that is, muscle-plasma minus muscle-clot or myosin) Kiihne re- 
cognises at. least three forms of albumin: — 

1. An albumin whose coagulation depends in great part on the degree of acidity 
possessed by the serum. If abundance of acid be present, coagulation will occur at a 
temperature so low us 30°. In this body Kiihne recognises the mixture of potassio 
albuminate and sodic phosphate d<*wribid by RolJett. 

2. An albumin coagulating at 

3. A large quantity of albumin coagulating at 7ii°. There are also in untouched 
muscle other forms coagulating at 90 u . The first form had been previously recognised 
by Harless (Ifcnlc u. Meissner’s IJcricht, 18.W, p. 471), and was regarded by him as 
the chief cause of rigor mortis. And even though the formation of myosin, which is 
quite independent of the formation of acid, be considered as the child part of rigor 
mortis, yet the subsequent coagulation caused or favoured by the presence of tho acid 
will undoubtedly increase that condition. 

Before the researches of Kiihne, muscle was considered to consist of a small 
quantity of albumin and of a large quantity of syntonin. Myosin is not the same 
thing as syntonin. Kiihne contends that syntonin docs not exist as such in l.lio un- 
touched muscle, but is an artificial product due to the action of the dilute acid on 
myosin and other albuminoid bodies. He attributes the rapidity of the solution of the 
muscle-substance to the conjoined action of jx'psin (the presence of which in muscles 
has been shown by Briickc), and affirms that a formation of syntonin always precedes 
that of the peptones in every digestion of albumin, v. Wittich (Kdnigsberg. mcd. 
Jahrb. iii 210) also adopts the same view (see Sywtontk). Hence muscle-fibrin or 
syntonin prepared by Liebig’s method would be regarded as consisting'of myosin and 
the albumin coagulating at 30° ; muscle-juice as a mixture of the other forms of albumin. 

The Heart is singular in being an involuntary muscle, and vet being composed of 
striated fibres. It is remarkable for containing inosite, which is not found in other 
muscles. Tbs alcoholic extract exhibits that excess over the watery extract which is 

3 t 2 
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characteristic of muscles actively exercised. Its reaction is the same as that of other 
striated muscles. (Du Bois-Rey m ond.) 

B. Non-striated, smooth muscles , — Involuntary muscles, — Muscles of organic life , — 
Muscles taking part in slow movements, — Contractile fibre-cells. — These consist of long 
spindle-shaped cells, or riband-like fibres, marked with peculiar rod-like nuclei, and 
bound together with connective tissue, bloodvessels, nerves, &c. Greater difficulty is met 
with in the analysis of this variety, since the fibres are but seldom found in large 
isolated masses, and are much mixed up with other tissues. The “juice” is less in 
quantity and often mixed with other fluids. Lehmann found the reaction of the j uice of 
the muscular coat of t he pig's stomach distinctly acid, that of the middle coat of arteries 
feebly acid, that of Tunica Dartos neutral ( Lehrbuch , iii. p. 62). Du Bois-Eeymond 
however, found the muscles of the gizzard of fowls and pigeons always faintly alkaline 
after death, as also the muscular coat of intestines and arteriesof oxen. Schultze too 
(Ann. Ch. Pharm. Ixxi. p. 277) had previously observed the same reaction. Yet 
Siogmund (Verb. phys. med. Gesellsch. Wurzburg, iii. 50) discovered in the uterine 
muscle3, acetic, formic, and lactic acids. From the smooth muscles a substance appa- 
rently identical with the syntonin of striated muscles may be obtained ; and since the 
former exhibit rigor mortis, they also probably contain a form of albumin capable of 
coagulating spontaneously. Schultze (op. cit.) obtained from tho smooth muscles of 
the middle coat of arteries a large quantity (7 to 21 per cent, of total dry matter) of a 
substance which he believed to be casein. Creatine is found in small quantities. Tho 
proportion of potash to soda is much less than in striated muscles — 38 : 62 in the 
muscles of the stomach, 42 : 58 in the middle coat of the arteries. This would seem to 
imply a great mixture of blood-serum. 

C. Muscles of Inver tebrata. — These are in some classes striated (o. g. Articu- 
lata) ; in others, non-striated (e. g. Mollusca), and yet more closely allied with the 
striated than with the non-striated variety of vertebral a. 

They probably agree in their* main chemical feature with ot her muscles. Bernstein 
(Centralblaft fur med. Wissenseh. 1863, p. 437) found tho muscles of the crab neutral 
or faintly alkaline when living, but becoming acid with the onset of rigor mortis. He 
also obtained a spontaneous coagulation of tho expressed muscle-juice. In bivalve 
muscles he found the foot neutral, the adductors always acid. Both gave a spontane- 
ously coagulating juice. 

Valenciennes and Frimy (Ann. Ch. Phys. i. 129) found oloo phosphoric* acid to 
replace the acid phosphate of potassium in the muscles of the crab, and in molluscs they 
ascertained the absence of creatine and creatinine and the presence of taurine. 

D. I > roto2^lasm'U, — -Sa rcode. — Therbodies of many of the lower animals consist 

in great part somifluid substance, capable of peculiar movements. A similar 

matter is also found in vegetable cells and in the cells of certain parts of animals (cornea, 
connective tissue). From the researches of Schultze ( Das Protoplasma) and K ii h n e 
(op. cit.) it appears that this protoplasm is contractile, spontaneously coagulating, 
and exhibits other reactions which bespeak for it a close alliance with muscle- 
substance. 

Metamorphosis of Muscular Tissue , — The chemical changes taking place in 
the living muscle, though most imperfectly known, may be generally described as those 
of oxidation. Living muscles consume oxygen and produce carbonic acid (Liebig, G. 
Muller’s Archiv. 1850, p. 409; Matteucci, Compt. rend. 1856, i. 1 1 ; Val entin, Archiv. 
Physiol. Heilk. N.F. i. p. 285); the excretion of carbonic acid is continued when the 
muscle is placed in hydrogen-gas. Products of oxidation of nitrogenous material 
are always present in muscle — creatine, creatinine, inosie acid (proteic acid), hypoxanthine, 
taurine, leucine, &c. 

On comparing the chemical composition of muscles at rest with that of muscles at 
work, it is found that by the act of contraction, the substances soluble in alcohol are in- 
creased and those soluble in water diminished (II elmh oltz) ; the carbonic acid exhaled 
and the oxygen consumed are increased, the proportion of carbonic acid to oxygen 
being at the same time also increased (Matteucci, Valentin, op. cit.; Sczelfcbw, 
Zeitsch. nut. Med, xvii. p. 106); the substances given up to the blood are increased, 
(Cl. Bernard, Mod. Times and Gaz. 1861, ii. p. 26); creatinine is increased partly 
at the expense of creatine. Heidenhain ( Mechanise he Lcistung , $ c., bet der MuskeU 
thatigkiit) finds the amount, of acid produced to be proportional to that of tho actual 
energy liberated during the contraction (Sarokow, Virchow’s Archiv. 28, p. 544). 
A muscle when tetanised becomes acid from a development of lactic acid (Du Bois- 
Rey mond, op. cit.). It is uncertain whether this acid is a product newly formed 
or a permanent constituent temporarily increased in amount, Borszezow (Wiirbuig. 
n&ttir. Wissenseh Zeitsch. ii. p. 65) finds no lactic acid in living hearts; Folwarczny 
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(Henle u. Meissner, 1861, p. 295), however, finds it With regard to creatine, 
Borszczow (op. cit.) believes that it is formed at the expense of creatinine, while 
Neubauer (Zeitseh. analyt. Chem. 1863, p. 2*2) regurdH creatinine as an artificial 
production and no natural const ituent of muscle. • 

The position of the carbo-hydrates in muscle is a very uncertain one. In the muscles 
of the embryo, glycogen is found in abundance (Bernard, Journal de Physiolog. ii. 
p. 39; Itouget, ibid. p. 333); in the muscles of adults, occasionally. (Mci)onnell, 
Nat. Hist. Rev. iii. 638.) 

Besides inositc, which exists in the muscles of the heart, Meissner (llenlc n. Meissner, 
1861, p. 296) 1ms found in tho muscles of the system, a fermentable sugar (not arising 
from food), which presents, as he thinks, some differences from hepatic sugar, and is 
probably due to muscular metamorphosis. II n r 1 ey ( llrit. For. Med. Cliir. Review, 1867 ) 
and Chauveau (Gaz. Med. No. 23), however, find reason to believe in the destruction 
of sugar in the systemic capillaries (and therefore in part at least in the muscles), 

Since exereise, ctetcri* parihun, inereasi s rigor inort is, it might be infernal that one at 
least of the factors of myosin was developed during muscular metamorphosis. In tho 
generally adopted views, the. nitrogenous muscle-substance, the ‘plastic’ element, id 
supposed to supply by it* conversion the force of muscular movements. Others (Trail he) 
have maintained that the hydrocarbons mid carlo- hydrates (of Mood and muscle) are 
to be regarded ns the main source of power. M. F. 

MUSENA BARK. This bark, used in Abyssinia as an anthelmintic, contains, 
according to Thiel (.1. Pluirm. [3| xlii. 176), a sharp-tasting colloidal substance called 
mu sen in, soluble in water and m alcohol, insoluble in ether. 

MU8BNZTZL Cobalt -pyrites from Miisen, near Niegen, in Prussia (i. 1060). 

MUSHL. Afa*c, AJorchus. A u odoriferous resinous substance contained in a bag 
near the navel of the male musk-deer, a small animal inhabiting Tompiin and Thibet. 
Muse occurs in commerce in brownish clots, often mixed with hair, sand, fill, and resins 
It has a bitter taste*, a persistent odour, is very inflammable, and partially soluble in 
water and in alcohol. According to an mndysiH by Geiger and Reinmnn, if contains 
in lot) parts, IT parts fat, 4*0 cholesterin, 6*0 bitter resin, 7*6 alcoholic extract (lactic 
neid-salts), 36 5 salts soluble in water (potash and ammonia, combined with a peculiar 
a ilium] matter). 15*5 ammonia combined with lactic acid and wider, and 0*4 wand. 
(Pelouze ef Freiny, Trait *\ vi. 240. *See also Ur*' a J)i<t. of Art a, iff*., iii. 211.) 

MUSSRX.-SHSX.X.S. See Smtu.s. 

MXJS8ITX. Syn. with diopside or white augite (see Aroirp., i. 476). 

nillSBOltrZTX. Syn. with Pahisitk. 

MUST. The juice of ilie grape, expressed for making wine, but nut yet fermented 
(see W ink). The same term is also applied to the freslily-expressea juice of apple, 
and pear**, previous to conversion into eider and perry by fermentation. 

MUSTARD. The seeds of black and white mustard (Sinapu iiitjro and S. alba), 
when ground and sifted, furnish til a flour of mu* tar d used as a condiment. 

The seed of white mustard yields an ash containing 2678 per cent, potash, 0 83 
soda, 19*10 lime, 5*90 magm sia, 0 30 ferric oxide, 279 sulphuric anhydride, 1*31 
silica, 44*97 phosphoric anhydride, and a truce of chloride of sodium: 100 parts of 
the fresh seeds yielded 4 07, and 100 parts of the dried seeds 476 parts ash ; 100 
parts of the air-dried seeds were found to contain 8*60 parts moisture ami 1‘212 
parts sulphur. (Way and Ogston, Jahrcsb. I860, Table B, p. 660,) 

MUSTARD, Q ZM OF. a. Fixed OH*. While mustard -Seed yields by pressure 
about. 36 per c«-ut. of a yellow nearly inodorous oil, which h;u* a specific gravity of 
0*9145 at 15°, and is not solidified by cold. When saponified with soda, it yields 
glycerin and a soap which is perfectly soluble in water, and wh^n decomposed by 
hydrochloric acid, yields a solid crystalline acid, called erucic acid (ii. 601), and an 
oilv acid having nearly the composition of oleic acid. 

Black mustard-seed yields 18 per cent of au oil similar to the preceding, having a 
density of 0*917°, but solidifying at temperatures below 0°. According to Darby (Ann. 
Ch. Phann. lxix. 1), it yields by miponifioat ion, stearic acid, crucic acid, and an oily acid. 

0. Volatile Oil. When the flour of black mustard, after being freed by pressure 
from the fixed oil, is moistened with water, left to itself for several hours, and then 
distilled with water, it yields a very pungent volatile oil, having the properties and 

ON I 

composition of sulphocyanate of allyl, C'H*NS - It is especially distin- 

guisbed by its behaviour with ammonia, with which it immediately unites, form- 
ing crystalline thiosinn ami no or sulphocyanate of allyl-ummonlam, 
H*tC t il*)N.CNS (aeo gvjuraocYAiue Ethehs). 
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This volatile oil does not pre-exist in the seed of black mustard, but is produced 
from m vronii acid (p. 1073) contained in the seed, under the influence of water 
sveculdr ferment called myrosin (p. 1075), likewise existing therein. Accordingly, 
it in not produced unless the mustard-dour is macerated with water for some time 
previous to distillation. Its formation is likewise prevented by drying the flour at a 
high temperature , or by heating it with alcohol or acids, as by these processes the 
myrosin is rendered inactive. 

The quantity of volatile oil obtained from black mustard is but small, amounting to 
only 0*2 per cent, according to Boutron and Robiquet, 0*55 per cent, according to 
Aschoff, and 0*5 per cent, according to Wittstock. 

White mustard does not yield any volatile oil, because it does not contain myronic acid. 


HKYC^OCXiOlffB. Syn. with Cerebrote (i. 830). 

MYCODERMA. A generic name of the fungi (also called Torvula), which, 
according to Pasteur and others, are essential to the processes of vinous and acetous 
fermentation. See Pasteur (Bull. Soc.Chim.de Paris, 1861, p. 94; Jaliresb. 1861, 
p. 726 ; Compt. rend. lv. 28 ; Jahresb. 1862, p. 475); also the articles Fermentation, 
Vinegar, and Wine, in this Dictionary. 


MYCOMELIC ACID. Allo.renidc (Laurent), Alloxanamidc (Gerhardt), 
C'H^NHPAH-O. (Liebig and Wohler, Ann. Ch. Pharm. xxvi. 304.) — When 
aqueous alloxan is heated gently with ammonia, it becomes yellow, and on cooling 
deposits a yellow transparent jelly of mycomelate of ammonium (see Alloxan, i. 137), 
from the hot aqueous solution of which salt sulphuric acid precipitates mycomelic acid. 
When freshly precipitated, it is transparent and gelatinous ; but when washed and 
dried it is a looso yellow powder, which reddens litmus. It is scarcely soluble in cold 
water, more soluble in hot; insoluble in alcohol and ether; soluble in alkalis with- 
out forming cry. stall isablo salts: its solution in potash is decomposed by boiling, with 
evolution of ammonia. It decomposes alkaline carbonates. 

It is a monobasic acid. The only mycomelate known, beside the ammonium -salt, is 
the silver-salt, which is precipitated in yellow flakes when the ammonium-salt is added 
to nitrate of silver. 

According to Liebig and Wohler’s analysis, the acid retains its J atom of water 
when dried at 100°. Gerhardt {Traits, i. 514) regards it as alloxanamidc (alloxan 
+ 2NTF — 211*0); Laurent (Compt. rend. xxxv. 629), as alloxanide (alloxanic 
acid + 2NH 3 - 3H 2 0). 

According to II 1 as i wetz (Ann. Ch. Pharm. ciii. 211). mycomelic acid is formed 
when uric acid is heated with water to 180-190° in a closed vessel. F. T. C. 

IVIYCOSE or TREHALOSE. C ,2 IT"0". — Wiggers in 1833 (Ann. Ch. Pharm. 
i. 173), observed in ergot of rye a peculiar kind of sugar, which was more exactly in- 
vestigated in 1857 by Mitseherlich {ibid. evi. 15), who designated it as my rose. 
Borthelot in the same year (Ann. Ch. Pliys. [3] liii. 232, lv. 272, 291), obtained 
from trehala-manna, the produce of a species of Kchinops , growing in the East, a sugar 
which he called trehalose, and at first regarded as different from my cose ; but on 
further examination he was led to infer that the two are identical. (See Gindin's 
Handbook, xv. 299-301.) 

Myeose is obtained from ergot of rye by precipitating the aqueous extract of the 
fungus with basic acetate of lead, removing the lead from the filtrate by sulphydric acid, 
evaporating to a syrup, and leaving the liquid to crystallise. Trehalose is obtained 
from trehala-manna by exhaustion with baling alcohol. 

Myeose (trehalose) forms shining rhombic crystals, containing C 1S H 22 0 M .2H 2 0, 
which melt when quickly heated to 109? [ but if slowly heated give off their water 
even below 100°. It has a strongly saccharine taste, dissolves easily in water and in 
boiling alcohol, but is insoluble in ether. The aqueous solution is dextro-rotatory. 
For trehalose, Berthelot found [a] «= + 199° (for C ,2 H"0".2H 2 0); the specific rota- 
tory power of myeose is, according to Mitseherlich, [a] — 192*5°. 

By several hours boiling with dilute sulphuric acid, it is converted into dextro- 
glucoso. With strong nitric acid it forms a detonating nitro-compound ; Mated with 
dilute nitric acid it yields oxalic acid. In contact with yeast it passes slowly and im- 
perfectly into alcoholic fermentation. It is not altered by boiling with alkalis , and 
does not reduce cuprous oxide from alkaline cupric solutions. Heated with acetic of 
butyric acid , it yields sacchurides, not distinguishable from those which are formed 
in like manner from dextro-glueose (ii. 854, 859). 

MYE L IN. A kind of kaolin, found at Rochlitz, of a yellowish or reddish colour, 
and containing, according to Kersten, 37*62 per cent, silver, 60*50 alumina, 0.82 mag- 
nesia, 0*63 manganic oxide, and a trace of ferric oxide. 

The name myelin is also applied by Kir chow and Ben eke (Ann. Ch. Pharm. 
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rxxii. 249) to a peculiar fatty substance obtained by evaj>orating the alcoholic extract 
of hard-boiled yolk of egg, brain-substance, crystalline lenses, and other animal tissues. 
This substance — which is especially characterised by shooting out iuto peculiar spiral 
threads, or loops, when immersed in water or in a solution of sugar -is found, according 
to Beneke, in some of the lower animals ( e.g . in lh l is l\>matin y p. HO), and likewise 
in plants, viz. in young chlorophyll, in some flower-stalks, in certain seeds, especially 
in peas, and always accompanied by cholesterin. (Juhresb. 1862, p. 607.) 

MYftZCA-T ALLOW . MyrtU-was . — A solid fat, obtained by pressing the 
berries of Myrica cerifrm (or M.cordi folia. John) with water. It is pale-green, trans- 
lucent, brittle, and friable in the cold; of splintery fracture, less extensible when wnrin 
than beeswax; 1ms an aromatic taste anil odour. Specific gravity 1 005 (Moor<% 
Sill. Am. J. [2] xxxiii. 113). Melts at 47° to 49° (Moore), When pnritied by 
treatment with boiling water and cold alcohol, it melts at 47*6 v) , and contains 74 03 pef 
cent. 0, 1207 II, and 13 70 O (Lewv, Ann. Ch. l'hys. |_3j xiii. 448). It eontuinw 
a large quantity of palmitic and a small quantity of myristtc acid, for the most part in 
the free state, but to a smaller extent combined with glycerin ; no oleic nor any volatile 
acid. (Moore.) 

It dissolves in 20 pts. of hot alcohol, a portion (palmitin, according to Moore) re 
nmining, however, nndissolved, and on cooling -4 separates out ; the solution, formed 
wilh aid of heat, solidities on cooling. and when perfectly cold is no longer preoipi 
table by water. It is nearly insoluble in cold ether, but dissolves in 4 pts. of boiling 
ether, the solution, as it cools, depositing the greater part of tin* tallow without colour, 
and itself retaining a fine green eulour. Cold oil of turpentine softens, and hot oil of 
turpentine dissolves fa pt. of it. the solution on cooling depositing white opaque granules. 
It likewise dissolves easily in fixed oils. 

MYftICXN. (Jlrodie. Ann. (Mi. Pharin. Ixxi. 214). — Tho portion of beeswax 
which is i n soluble in boiling alcohol. Jt is prepared by exhausting beeswax with 
boiling alcohol till the alcoholic liquid no longer gives a precipitate w ilh acetate of lead. 
The myricin thus obtained melts at 01°, and has a faint waxy odour. It consists 
chiefly of palmi t ate of my ricy 1, C w JI ! '*0* ■» C'Ml'bi , ami by dissolving it 

in tier, and leaving tho solution to evaporate, the palmilate «»f myricyl is obtained in 
light plumose crystals, melting at 7l’5 u or 72'-, and easily saponified hy potash, 
especially in alcoholic solution, yiilding palmitic arid and hydrate of myricyl. ('rude 
myricin yields, by saponification, the same products, together with small quantities of 
another acid, and a neutral substance resembling hydrate of eery) (i. 838). Crude 
myricin yields by dry distillation a number of fatty acids, of which palmitic acid forms 
the largest portion, together with solid and liquid hydrocarbons. (Set* Mki.wnk, p. 868), 

(output) » 

MTKICTL, RTSAATS OF. M<H**ic uladud, Mrli»sin,{y* t \\ ai O - > 0. 

(Brodio, Phil. Trans. 1848; Ann. Ch. Plnmn. Ixxi. 144.) This compound, which is 
tin* highest known alcohol of the series, is oblainetl by J In* action of melting 

{ '•otash upon myricin. On dissolving flu* product in water, precipitating tho milky 
iquid, which contains the alcohol in suspension, with chloride of barium, exhausting 
tho precipitate with ether, and leaving tin* solution to evaporate, hydrate of myricyl is 
deposited, und may be purified by crystallising it from ether, till it melts at. 85 '. A 
good mode of purification also is to exhaust the precipitate with boiling alcohol, and 
dissolve the substance which is deposited from t he; alcohol in rock-oil or rectified, coal- 
tar oil. 

The mother-liquor then retains in solution a small quantity of another substance 
which melts at 72' and gives by analysis the same numbers as hydrate of myricyl. 
Brodic supposes it to be an alcohol of similar constitution. When treated witli potash- 
lime it yields an acid containing L u9 /l tf, (J*. (?) 

Hydrate of myricyl is a crystalline substance having a silky lustre, Jt contains, ac- 
cording to Brodies analysis, 82-02— 82*77 per cent. C, and 13*97 H*26 If. (calc, 

83* 19 0, 14*15 H, and 3 66 O.) 

When subjected to dry distillation it partly sublimes unaltered, and is partly 
resolved into water and a solid hydrocarbon (rnejem*, p. 868). Heated with potash- 
linu- it given off hydrogen, and is converted into melissale of potassium : 


C*°H«0 + KUO ~ C w H"KO f + H». 

With strong sulphuric acid it forms acid sulphate of myricyl. Chlorine convert* it 
into a resinous body ( ch/orometdl ), which gives by analysis numbers corresponding to 
the formula C-H^ ^Ol^ K). 

acnZSTIC ACID. CW-^jo. (Playfair, Phil. Mag. [3] xvttL 

202* Ann. Ch. Fharm. xxxrii. 153. — Heintz, Potrg. Ann. lxxxvii, 267; xc. 137 i* 
xcii.429 and 688. — Summary of the Results, J. pr. Cbem.lxvi. 1. — C ricoeehea, Ann. 
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Ch. Pharm. xc. 369. — Schlippe, ibid. cv. 1. — Ou deman ns, J. pr. Chem. Ixxxi. 366 
and 367. — Ora. xvi. 209). 

This acid was discovered by P 1 a y f a i r, and obtained pure by H e i n t z. It occurs, as 
myristin (myristate of glyceryl), in nutmeg-butter (Playfair), in otoba-wax (Uri- 
coechea), in dika-bread (ii. 330), amounting to more than one-half of the fatty acids 
contained therein ; also in small quantity, together with many other fatty acids, in 
cocoanut-oil (Gorgeu, Ann. Ch. Pharm. Ixvi. 314), in common butter (Heintz) ; in 
croton-oil (Schlippe); and in combination with ethal, or an analogous body, in 
spermaceti (Heintz). According to Heintz and Scharling, it may be produced 
artificially by heating ethal with potash-lime; but its formation in this way is doubtless 
due to the presence ofmethal or myristic alcohol (p. 1072) in the ethal employed. 

Preparation, a. From Spermaceti . — When the fatty acids obtained, together with 
ethal, by the saponification of spermaceti, as described under Laubic Acid, (p. 474), 
are dissolved in alcohol, a mixture of palmitic and stearic acids crystallises on cooling, 
while a portion of both these, and the whole of the myristic and lauric acids, remain in 
solution. By fractional precipitation with acetate of magnesium (at last, in presence 
of excess of ammonia) the alcoholic solution is again divided into two parts, the stearic, 
palmitic, and a portion of the myristic acid being thrown down as magnesium-salts, 
while, the lauric acid and the rest of the myristic acid remain in solution. 

Treatment of the precipitated magnesium-salts. — The magnesia is separated from the 
fatty acids by boiling them with dilute hydrochloric acid ; the melting-point of each 
portion of acid so obtained is determined ; and those portions which molt, nearly at 
the same temperature, and do not differ essentially in their mode of solidifying, are 
mixed together. When, now, the mixture of acids is repeatedly crystallised from 
alcohol, and the melting-point of the crystallising portion determined every time, 
several successive crops of crystals are obtained from each mixture. These are to be 
considered pure: — 1. When their melting-point remains the same after repeated crys- 
tallisation; 2. When they solidify, on cooling, in crystalline scales; and 3. When, on 
fractional precipitation of their alcoholic solutions with acetate of magnesium, portions 
having one and the same melting-point are obtained. The several portions of the 
same acid show also, when pure, the same melting-point after being mixed together as 
when separate. Sometimes, especially in the preparation of myristic acid, it is neces- 
sary to subject the single crystallisations anew to fractional precipitation, and to 
repeat the above treatment and examination of the magnesium-salts thus obtained. 
(Heintz, Pogg. Ann. xeii. 429.) 

In this way Heintz obtained, by tlio first precipitation with acetate of magnesium, 
nineteen magnesium-salts, from each of which he separated the acids. He mixed 
together the first six portions o f acid, the melting-points of which varied from 42*7° to 
46°, allowed them to separate from alcohol, and repeated the crystallisation fourteen 
times: but even the last crystallisation proved to bo a mixture of palmitic and stearic 
acids, and in no case was a pure acid obtained. By precipitating the mother-liquor 
from the first nine crystallisations in seven portions with acetate of magnesium, he 
succeeded in obtaining, from the first, second, and third portions, after eight or nine 
times repeated crystallisation, pure, or nearly pure, palmitic acid. The fourth and 
fifth portions, yielded by seven times repeated, the sixth and seventh by three times 
repeated crystallisation, myristic acid melting at 637, which showed the above 
signs of purity. Of the remaining acids of the nineteen magnesium-salts, the seventh 
and eighth portions did not yield a pure acid by repeated crystallisation, but were 
recognised as mixtures of palmitic and uiyristic acids. The 9 — 17 th portions were 
mixed together. The part which first, separated from an alcoholic solution did not 
yield a pure acid on repeated crystallisation ; after returning it to the mother-liquor, 
therefore, a portion of the acids present was precipitated by the addition of a little 
acetate of barium. The filtrate mixed with water deposited, in the cold, crystals 
melting at 63'8°. which yielded, on roerystallisation, pure myristic acid. The acid 
separated from the eighteenth and nineteenth portions, proved, after three crystallisations, 
to be also myristic acid. The quantity of myristic acid obtained from Bpermaceti 
is but small. 

3. From common butter. — The mixture of acids obtained by saponifying butter and 
decomposing the soap, is freed from volatile acids by boiling with water, and from 
oleic acid by treating the lead-salt with ether, afterwards dissolved in alcohol and 
allowed to crystallise. After removing by recrystallisation as much of the acid present 
as can be obtained with a melting-point of 66° or 57° (containing palmitic and stearic 
acids), the collected alcoholic mother-liquors are subjected to fractional precipitation 
with acetate of magnesium ; the myristic acid is thrown down in the last portion* of 
the precipitate, and may be obtained therefrom by recrystallisation, removing, if 
necewary? the substances at first precipitable by acetate of barium. (Heintz.) 

y. The acids obtained by the saponification of dika-fat yield myristic acid on repeated 
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crystallisation from alcohol* while a second portion of the acid, together with laurie acid, 
remains in solution. This latter portion may he recovered by precipitating tho solution 
in several parts with acetato of magnesium, separating th<smagnesia, and crystallising 
the separate portions of acid until tho melting point rises to 63-8°. (Oud ema n n s.) 

5 . From Myristin . Playfair saponifies the myristin of nut meg-butt or with strong 
caustic potash; washes the soap repeatedly with solution of common salt ; and after- 
wards decomposes the hot aqueous solution with hydrochloric acid. The acid, which 
separates as a colourless oil, solidifying on cooling, when freed from all traces of hy- 
drochloric ucid by washing witli water, yields, on repeated crystallisation irom alcohol, 
Playfair’s myristic acid, having a melting-point of 49*8° (impure, therefore, and con- 
taminated with an acid containing a smaller proportion of carbon). ( H ointz.) 

c. By saponifying otofw fat, acids are obtained, from an alcoholic solution of which 
acetate of magnesium precipitates only, or cli icily, inyri.st.ie acid, while oleic acid 
remains in solution. (Uricoeehea.) 

Properties . — Myristic acid forms white, shining, crystalline lnminir, resembling 
palmitic acid. It lias an acid reaction, is perfectly insoluble in vat*r, but dissolves 
easily in hot alcohol, crystallising on cooling ; it is perfectly insoluble in ether. It 
melts at 53 8°, and solidifies on cooling in crystalline scales. (Utiinlz.) 


Table of the Melting-points of Mixtures of Laurie and Myristic Adds , according to 

llrintz. 


A mixture of — 

Meltl At 

fsoliillfiea 

Mode of tmlUHtylng. 

Mvrutic 

Mild. 

I.nuric 

acid. 

At 

‘JO 

10 

618° 

4 7*3° 

Crystalline scales. 

80 

20 

490 

44 6 

Very fine crystals, not distinguish- 
able as either needles or scales. 

70 

30 

43-7 

39 

Ditto ditto 

CO 

40 

43 

39 

Uncrystallised, with isolated lus- 
trous spots. 

60 

60 

37*4 

367 

Largo crystalline laminin. 

40 

CO 

30*7 

33 6 

Uncry still lined, with isolated lus- . 
trouH spots. ‘ 

30 

70 

35 1 

323 

ITncrystallised, wavy. 

20 

80 

38f» 

33 

Ditto ditto 

10 

90 

41*3 

36 

Crystalline needles. 


It will be observed that when the laurie acid amounts 1o 40 per cent, or more, tho melt- 
ing-point of the mixture lies below that of either constituent. Tin’s is generally the 
ease in mixtures of fatty acids, when the quantity of tho more fusible constituent 
exceeds a certain portion of the whole. 

Decompositions.— 1. Myristic add subjected to dry distillation , is partly decom nosed 
and partly volatilised unaltered.— 2. On boiling with nitric arid, apart, is converted into 
soluble products, with evolution of red vapours, the remaining undissolved portion 
behaving like unchanged myristic acid (PI ay fair).— 3. By the dry distillation of tho 
calcium- salt, my ristone is produced ( O v e r b e e k ).— 4 . A mixture oi my n state and format* 
of calcium yields a repulsive-smelling oil, which deposits a small quantity of a solid 
product This lust, purified by recry wtallisation, forms small, white, crystalline scales 
■oiituinine a larger proportion of carbon and hydrogen than would be contained in 
myristic aldehyde (Limuricht, Ann. CJ». Phurm xevii. 371). A Myristate of potas- 
sium heated with oxychloride of V k>* V h»rus, yields myristic anhydride; with chloride 
of benzoyl, benzo- myristic anhydride. (Chiozza and Malcrba.) 

Mvwstatm.— Myristic acid is monobasic, the general formula of the myristatea 
j cku^MD* or C”H”M"0\ according as they contain mono- or di-atomio metals. 
The myristates of the alkali-metals are not decomposed by water (like the stsaraU*) 
with formation of add salts. (P J a y f a i r. ) 

Mvristatc of Barium, C*TI m Bh"0« ( is obtained from chloride of barium and 
mvristate of potassium by double decomposition (Play fa i r). II e i n tz precipitates hot 
alcoholic myristic add with a hot concentrated aqueous solution of acetate of barium, and 
wishes the precipitate with weak alcohol and hot water. Oudemanns precipitates the 
Ammonia acid with chloride of barium. It is a very light crystalline powder, comnsUnj 
of thin microscopic nacreous lamina#. It is very shgntly soluble in water tm 

alcohol, and decomposes before melting. 
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Myristate of Copper, C ! >H»Ci i"0 4 , is obtained by precipitation as a very light, 
loose, bluish-green powder, consisting of microscopic needles . It becomes deeper- 
coloured when heated above 100°, and cakes together before melting. 

Myristate of Lead, C 2 *II 5 'Pb"0 4 , obtained by precipitation, is a white, loose, 
amorphous powder which melts a 1 100° — 1 20°, and solidities on cooling, in a white, opaque, 
amorphous mass (Heintz). An aceto-myristate of lead, C 4 H a Pb ,/ Oh4C‘ ;8 H 54 Pb / O l , 
is obtained as a heavy white powder, insoluble in water, by heating myristin for several 
days with basic acetate of lead. 

Myristate of Magnesium. C 2s H 34 Mg"0 4 . — Myristic acid, to which ammonia 
and sal-ammoniac have been added, is precipitated by sulphate of magnesium, and the 
precipitate was! led with water. Very light powder, consisting of microscopic needles ; 
becoming transparent at 140°, semi-fluid at 150°, and decomposing at a higher tempera- 
ture. The salt dried in the air contains 9 54 per cent, water (3 at. = 10*15 per cent. 
H 2 0). (Heintz.) 

Myri state of Potassium. C H H 27 K0 2 . —Myristic acid is digested with concen- 
trated uqueous carbonate of potassium ; the product evaporated to dryness, and t,ho 
myristate of potassium extracted by absolute alcohol. It forms a white crystalline 
soap, easily soluble in water and in alcohol, insoluble in ether. (Playfair.) 

Myristate of Silver , C N H‘ 7 Ag0 2 , is obtained by double decomposition, from 
the sodium-salt and nitrate of silver, as a white, light, amorphous powder, turning 
slightly grey when exposed to light. It decomposes above 100°, without melting 
(Heintz); dissolves in aqueous ammonia, and forms, by spontaneous evaporation, 
large transparent crystals. (Playfair.) 

Myristate of Sodium , C M H 27 Na0 2 . — A boiling aqueous solution of carbonate of 
sodium, quite free from sulphate and chloride, is added in excess to boiling alcoholic 
myristic acid, and the mixture is evaporated completely to dryness in the water-bath. 
The residue is then extracted with boiling absolute alcohol, and filtered boiling hot. 
The filtrate, which solidities to a jelly on cooling, is liquefied by warming, and mixed 
with water in the proportion of one-eighth of the alcohol employed, whereby a mother- 
liquor is formed which takes up any foreign salts present. On again solidifying, the 
salt is collected on linen and strongly pressed. (Heintz.) 

pMTT29 ) 

MYRISTIC ALCOHOL. Methal. C n H 30 O = [ O.— This alcohol is sup- 

posed to exist together with cetylic alcohol or etlial, C ,6 H 3l O, and others of the sumo 
series, in commercial spermaceti. When this substance is saponified, salts of stearic, 
palmitic, myristic, ami lauric acids are obtained, together with crude etlial. Now when 
the latter is recrystallised from alcohol, pure ethal or cetylic alcohol (i. 841,), crystallises 
whilst the homologous compounds, steihal C 38 H 8 0, methal C N H so O, and lethal C l '‘Il 2<J 0, 
remain in smaller quantity in tho mother-liquors, inasmuch as the alcohols obtained 
from these mother-liquors (after the removal of the admixed fatty acids by repeated 
treatment with alcoholic potash and addition of water), yield, when heated with 
potash-lime to 2/5° — 280°, as long as hydrogen continues to escape, stearic, palmitic, 
myristic, and lauric acids. (Heintz, Ann. Oh. Pharm. xcii. 299; xcvii. 271; J. pr. 
Chcm. lxvi. 19.) 

MYRXSTIC ANHYDRIDE. C M H 54 0 3 — (C H H 27 0) 2 .0. (Chiozza and 

Malerba, Gcrh. Traite , ii. 789.) — Obtained, like other anhydrides of the same series, 
by the action of oxychloride of phosphorus on myristate of potassium. It is a fatty 
substance, which scarcely exhibits any crystalline texture. Its melting point is a few 
degress lower than that of myristic acid. When slightly heated, it gives off 
vapours having a disagreeable odour. It is lint slowly saponified by boiling caustic potash, 

MTRXSTIC ETHERS, a. Myristate of Ethyl, C H H 27 (C 2 H*)0* — Diy hy- 
drochloric acid gas is passed into a hot solution of myristic Ibid in absolute alcohol, and 
the oil which separates on cooling is washed repeatedly with cold, and afterwards dis- 
solved in a small quantity of warm alcohol. The layer of oil again formed on cooling, 
after being separated from the alcohol and cooled, deposits large, hard, very easily fusible 
crystals, from which the mother-liquor is to bo decanted (Heintz). The specific 
gravity of myristic ether is 0*864 (Playfair). It dissolves easily in hot alcoho* and 
in ether. 

j8. My ri state of Glyceryl. Myricin . C 45 H M 0* =• ^ c"H 27 0)* [ * a 7 * a i r * 

loc. cit .) — When nutmegs, after exposure to the vapour of boiling water, are pressed 
between hot iron plates, a fatty matter called nutmeg-butteris separated, consisting 
j>f an oily liquid, which has not been examined, and a solid crystal l isablo fat, which is 
myristin. To separate the latter, tin* crude fat is digested with alcohol of ordinary 
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strength ; the myristin, which floats on the surface of the liquid, is dissolved in boiling 
ether; and the crystals which separate on cooling are pressed between bibulous paper, 
then redissolved, and submitted to alternate pressure and crystallisation till they melt 
constantly nt 31°. (Playfair.) 

Myristin thus prepared is crystalline, and has a silky lustre. It is soluble in all 
proportions in boiling ether, less soluble in boiling alcohol, insoluble in water. liy 
dry distillation it yields acrolein and a fatty acid. Digested in the water-bath with a 
solution of basic acetate of lead, it yields insoluble myristato of lead and a solution ot 
glycerin. 

Myristin contains, according to Playfair’s analysis, 75*61 — 7 PIS per cent. C, and 
12 2*2 — 12*3(5 II, numbers agreeing nearly with the formula C l,H II !, ‘ - 0' 4 (calc. 7 -P51 C f 
12*22 II, and 13*27 O), according to which myristin contains the elements of 4 at. 
myristic acid and 1 at. glycerin nanus 7 at. water: • 

C'^IP^O' 4 - 8C H Il*’ H CP + 2C*I1"0* - 7 IPO. 

Such a constitution is, however, not very probable, no corresponding example of it 
being found among glycerides of well-known constitution. The above formula 
proposed by Welt /.ion, requiring 74 82 percent, carbon and 11*01 hydrogen, agrees 
satisfactorily with the results of Playfair’s analyses. 

The fat or wax of the fruit, of Myristica officinalis, and that of M. scbifcra t possess 
properties similar to those of nutmeg-butter. 

MYRISTICA, A genus of plants, including tbo nutmeg ( Myristica monehnta\ 
the, fruit and seeds of several species of which yield solid fats or waxes. Rich uhyba- 
U'fi.v is obtained from Myristica Ricuhyba ; Ocaba-wax from M. Or a ha or M. sebifra , 
Otoha-wa,r, or Otobitc, from M. Otoba (see Wax). The needs and arillus(mace) of M. 
woschata also yield volatile oils by distillation with water. (See Mack, p. 740 ; and 
Nutmeg.) 

MYEI3TICIN. Tho camphor or st&iroptene of volatile oil of nutmeg. (Seo 
Nutmeg.) 

MYRISTIN. See Myristic Ethers. 

.VIYRIBTO-BENIOIC ANHYDRIDE. Myristatc of Jl ncoffl or Rnicoatc of 
Myristyl. »=■ C M H 2, < UVIPO.t ). (Chiozza ami Malerba, lor. rit.) — 

Produced by ihe action of chloride of benzoyl on myristato of potassium. Crystal" 
list's in lamina* having a silky lustre and agreeable odour. Melts at 88°; solidifies 
at 36°. Not very soluble in ether. 

ltTYRlSTOTYE. (PMP'O * C H H vr O.C ,s IT ?T . (Overboek, Pogg. Ann. Ixxxvi. 
691.)— A product obtained by distilling myristate of calcium by small portions and at 
a gradually increasing temperature. It is purified by repealed crystallisation from 
boiling nlcohol, and decolorised if necessary by animal charcoal. 

Mynstono forms colourless nacreous scales, inodorous and tasteless; they become 
electrical by friction. It melts at 76°, and solidifies in a radiated mass on cooling. It, 
gave by analysis 81*81 per cent. C, and 14 07 — 13*96 II, whence Overbeck deduces the 
formula OMI ^O (calc. 81*90 C, 13 06 11). Oerhardt suggested the formula above given 
(calc. 82*23 C, 1 3 *7 H, 4*07 O), representing tho compounds as the acetone of myristic 
acid. 

jUYRISTTTX, BYRRIDB OF. C’MI” ^ C 14 !! 20 .!!.- -This alcoholic hydride, 
more properly called hydridoof tet radecaty I, is contained, together with many 
other hydrides of the same scries, in American petroleum. It boils between 230° and 
240°. (See Petroleum and Tktrahkcatyl.) 

MYRONIC ACID. C , 0 H ,d NS 2 O 10 (from pupov, a sweet- smelling ointment). — An 
acid occurring in the form of a potassium-salt in the seed of black mustard, and giving 
rise, by its reaction with myrosin, to tho production of tho volatile oil of black 
mustard (sulphocyanatc of allyl). It was discovered by IS ussy ( J. Pharm. xvi. 39) ; and 
its existence, which was afterwards called in question by Thielau (Vierteljiihrsschr. 
pr. Pharm. vii. 161), has been fully confirmed by tho experiments of Ludwig 
and Lange (Zcitschr. Chem. Pharm. 1860, pp. 430 and 677) and of Will and 
Kdrner (Ann. Ch. Pharm. exxv. 267; Jahresb. 1863, p. 496). According to 
Winckler (Jahreab. 1849, p. 436), myronato of potassium likewise exist# in horse- 
radish. 

Preparation of the Potassium-salt.— Two pounds of black mustard-seed pulverised 
bat. not freed from fixed oil by pressure, are boiled with 2k to 3 pounds of alcohol of 80 
to 85 per cent, in a glass flask placed in a water-bath till about half a pound of the 
alcohol has passed off ; the powder is then pressed, and the residue is subjected to tho 
same treatment The press-cake (weighing from 660 to 670 gnus.), after being well- 
dried and pulverised, is next macerated for about twelve hours with 3 pts. of cold water ; 
the liquid is removed by decantation and pressure; tho residue is again treated with 2 
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pts. water ; the watery extracts are evaporated to a syrup , with addition of carbonate of 
barium (carbonate of lead would give rise to the formation of sulphide of lead) ; tho 
syrup is boiled with 3 or 4 pounds of alcohol of 85 per cent. ; and the undissolved residue 
is treated in the same manner with 2 pounds of alcohol. The united alcoholic extracts 
are filtered after standing for 24 hours; the alcohol is distilled off) and the clear residue 
left to crystallise in shallow dishes. Lastly, the crystalline mass which separates after 
a few days is stirred up to a thin pulp with alcohol of 75 percent, then strongly pressed 
between linen cloths, and the nearly white cake thus obtained is repeatedly crystallised 
from alcohol of 84 to 90 per cent. Two pounds of mustard-seed thus treated yield, on 
the average, from 5 to G grms. of myronate of potassium. The portion remaining in the 
mother-liquors may be used for the preparation of cyanide of allyl (Will and Korner). 
This mode of preparation, and the similar method adopted by Ludwig and Lange, 
do not differ in any essential particular from that originally given by Bussy. 

Myronic acid may be obtained from the potassium-salt, either by mixing the aqueous 
solutions of 100 pts. of this salt and 38 pts. tartaric acid, evaporating to a certain ex- 
tent, and extracting the myronic acid with alcohol ; or better, by converting the potassium- 
salt into a barium-salt, and precipitating its aqueous solution with an equivalent quan- 
tity of sulphuric acid. The colourless aqueous acid thus obtained leaves on evaporation 
an inodorous, bitter and sour, uncrystallisablo syrup, which reddens litmus strongly, 
dissolves in alcohol , but is not perceptibly soluble in ctlur. It. decomposes when more 
strongly heated, yielding various volatile products. Its dilute solution, when boiled for 
some time, gives off sulphydric acid. With an aqueous solution of myrosin it yields sul- 
phocyanate of allyl. (Bussy.) 

The my ro nates are inodorous and likewise yield sulphocyanato of allyl with 
aqueous myrosin. They are all, even the barium-, lead-, and silver-salts, soluble in water. 
The ammonium-, barium-, potassium- and sodium-salts are crystallisablo. (Bussy.) 

Myronate of Barium , C 10 II ,8 BaNS*O 10 , obtained by decomposing the solution of 
the potassium-salt with tartaric acid and absolute alcohol, and digesting the resulting 
aqueous myronic acid with carbonate of barium, crystallises in easily soluble plates 
which become opaque and milk-white on exposure to the air, and are decomposed by 
heat, giving off cil o ^mustard and leaving sulphate of barium. (W ill and Korner.) 

Myronate of Potassium, C 10 Il l8 KNS‘O 10 , crystallises from alcohol in silky 
needles grouped like crystals of wavellito ; from water, in short, transparent glassy prisms 
of rhombic character. It has a cooling bitter taste, dissolves very easily in water, witli 
difficulty in dilute alcohol, is nearly insoluble in absolute alcohol, and quite insoluble 
in ether, benzene, and chloroform. The solutions are neutral and do not act on polarised 
light. The salt is anhydrous and contains the elements of oil of mustard, glucose and 
acid sulphate of potassium, into which products it is easily decomposed ; 

C ,0 H‘ 8 KNS-’O l0 = (TIPNS + CTI’W + K1ISO*. 

The dilute aqueous solution mixed with myrosin , or with a recently prepared aqueous 
extract of white mustard, becomes turbid in a short time, acquiring an acid reaction, 
and giving off the odour of oil of mustard. The solution then contains sulphuric acid 
and dextroglucose ; the turbidity arises from free sulphur mixed with an insoluble or- 
ganic substance probably formed from the myrosin (Will and Korner). Somewhat 
similar results of the decomposition of myronato of potassium have been obtained by 
Ludwig and Lange, who however assign to it the improbable formula C' M JJ lu KNS l 0 19 . 
Myronato of potassium is not decomposed by emulsin, or an extract of sweet almonds, 
or by yeast or saliva. 

When myronate of potassium is heated to boiling with a small quantity of baryta- 
water, a precipitate of barytic sulphate informed, with copious evolution of mustard-oil. 
The same precipitate, containing half the sulphur in the original salt* is likewise formed 
when the solution of the potassium -salt previously made alkaline is precipitated by 
baryta-water in the cold ; but in this case, the other elements of the mustard-oil 
remain in the solution in the form of a compound precipitable by lead-salts, and easily 
separable into mustard-oil and glucose. 

Potash-ky of specific gravity 1*28, mixed with dry myronate of potassium, becomes 
spontaneously heated to tho boiling point, giving off the odour of mustard-oil, cyanide 
of ally], and ammonium. 

Myronate of potassium, treated with zinc and hydrochloric acid, continually gives 
off sulphydric acid, which is likewise evolved, though more slowly, by boiling with 
hydrochloric acid alone. The solution then contains glucose, an ammonium-salt, and 
half the sulphur in the form of sulphuric acid. 

A solution of myronate of potassium, mixed with neutral acetate of lead , yields a 
yellowish-white precipitate, easily soluble in acetic acid, and apparently containing all 
the elements of myronic acid. Mercurous nitrate forms a yellowish- white precipitate, 
which is decomposed by heat, with formation of mustard-oil. 
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MY ROSIN — M YRO^OCAHriN. 

When a moderately concentrated aqueous solution of myronate of potassium ia 
mixed with nitrate of silver, nitric acid is act free, and a white curdy precipitate is 
formed, containing, when dried over oil of vitriol, the elements of snlphocyanate of 
ullyl and sulphate of silver (C'lPAg*NvS-'0 4 « CMPN&Ag 2 ^!) 4 ). Its formation is re- 
presented by t lie equation, 

C"H , *KNS-0'° + 2AgNO* = C 4 IPAg*NS-<> + C«1P O a + KXO* + UNO 1 . 

This silver-compound, heated either alone cr with water, is resolved into sidpho- 
cyanate of ally 1, sulphate of silver and sulphide of silver; it is al.so decomposed, with 
evolution of mustard oil, by chloritlc or sulphide oj’ barium, or by When it is 

treated with hydrochloric acid, the liquid filtered from the chloride of silver contain* 
half the sulphur in the form of sulphuric acid, but no sulphydric acid or sulphocyuuuto 
of ullyl is produced. The silver-compound, suspended in a large quantity of water, ia 
decomposed by sulphydric acid, with formal ion of u precipitate of sulphur and sulphide 
of silver; and the strongly acid liltrate, which contains half the original quantity of 
sulphur in the form of sulphuric acid, yields by repeated distillation an oily layer, 
consisting of cyanide of ally 1, C S U\CN : 

C 4 IPAg s NS*Q« + IRS - CUPN + Ag*S + S + IPSO 4 . 

The cyanide of ullyl thus produced differs considerably i:» its properties from that 
which Li eke obtained by the action of cyanide of silver cn iodide of ullyl (ii. 2011), 
It is a colourless neutral oil of agreeably alliaceous odour and burning aromatic taste. 
Specific gravity = 08389 at 12 8°. Vapour-density 2*82 (calc. 2\31); boiling 
point 11G° (corrected 1183°). Heated with strong potash-ley in a scaled tube, it is 
resolved into ammonia and croton io acid, CMl'O*. (Will and Kdrner. ) 

MYROSIN. An emulsion-like substance, of tlm albuminouH or protein class, con- 
tained in the seeds of black and white mustard, and possessing the property of decom- 
posing the myronate of potassium contained in the former, with production of sulpho- 
cyanute of allyl or volatile oil of mustard. It is likewise contained in the seeds of 
other cruciferous plants, viz. Jiapftauus sa tints, lirassica Nctvvs , Hr. attract a and 
Hr. camptstris, AHiaria officinalis, Chet ran thus Chtiri, JJraha verna , Cardamine 
pra *>nsis, C. tt/nara ami 7 hlaspi. arentsr. (Lepage.) 

To prepare it, pulverised white mustard i.< exhausted with cold water ; the Ultra to 
evaporated to a syrup at a temperature below 40°; tho syrup precipitated by a 
moderate quantity of alcohol ; t| M . precipitate dissolved in water after the alcohol ha* 
been poured off; and the solution evaporated to dryness at a temperature below 40°. 

My rosin, as thus obtained, resembles other protein-compounds. When incinerated, 
it leaves sulphate of calcium. 

In the state of aqueous solution, it. is coagulated by heat and also by alcohol, and 
loses its power of eliminating oil of mustard from myronic acid, but recovers this 
power after immersion in water for twenty-four to thirty-six hours. It does not el i minute 
hydrocyanic acid from amygdalin. 

The aqueous solution of inyrosin is transparent, colourless, and gummy, and froth# 
when agitated. (Bussy, J. IMutrni. xxvi. 4 1 ; Winckler, JaJirb. pr. Pharm. ii i. 93.) 

MTROXOCARPIV. (Stenhousc, Ann. Ch. Pharm. lxxviii. 300.) — A crystal- 
lisable substance extracted from white IVru balsam (i. 49(i). On digesting this balsam 
with alcohol of ordinary strength, a great part dissolves, and the solution gradually 
deposits large crystals of myroxocarpin mixed with resin; they may be purified by 
recry staliisat ion with aid of animal charcoal. 

Myroxocarpjn crystallises in large thin, colourless, shining prisms, often an inch long;. 
According to a determination by Miller, they belong to the trimetric system, the ratio 
of the principal axis, macrodiagonal and brachydiagonal, for the primary oejahedrop P, 
tyeing os 1 : 0 9363 : 0 7553. Observed combination ooP . oP . ocPco . Poo . 2Pcc . 
P« . 2Poo . Angle oo P : <xP ~ 102° Pi'; Poo : oP « 127°* 4'; 2Poo : oP 
«« 110° 41'; Pao : oP — 133° 7'; 2pvo : oP— 115° 5'. The crystals are hard and 
brittle, insoluble in water, very soluble in hot alcohol and ether, tasteless, and neutral 
to test-papers. They give by analysis 77*18 per cent, carbon, and 9*5 hydrogen, 
which may be represented by tho formula €**11**0*, or C 4i H T# 0*. 

Myroxocarpin melts at 115° to a transparent glass, which does not crystallise on 
cooling, but if redissolved in boiling alcohol, is again deposited in the crystalline form. 
Heated considerably above its melting point, it yields a sublimate, together with much 
acetic acid, and an uncryHtallisable resin. 

It does not unite with acids, or with alkalis and is not attacked by boiling 
potash-ley. m 

Hot nitric add slowly converts it iDto oxalic acid and an nncrystallisable resin. 
Chlorine, with aid of heat, likewise converts it into an amorphous resin. 
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MYROXYLIC ACID— MISURIN. 

MYEOXTLIC ACID. The name given by Plantamour, top .product of 
decomposition of cinnamein (i. 981) by alcoholic potash; probably impure 
acid. ■ "i‘; 

MYROXYLOK PEREIRAS. The tree which yields Peru balsam. Fromke 
bark of this tree there exudes a gum-resin, which, according to A tt field (Pham J. 
Trans. [2] v. 2-18), contains 77 A per cent resin, 17T gum (like gum-arahic), TJ woody 
fibre, and 4 water, together with volatile oil. It is uncry stallisable, and its alcoholic 
solution reddens litmus slightly. This gum-resin is therefore ultogethe^yrf different 
nature from the balsam obtained from the fruit of the same tree (L 496). 

MYRRH. A gum-resin which exudes from Balsamodendron Myrrha, a terebin- 
thaceous shrub growing in Arabia and Abyssinia. It occurs in large heavy tears of 
various size, reddish colour, and irregular shape, having an appearance *?f efflorescent 
on the surface, semi-transparent, fragile, shining with a greasy lustre on the fractured 
surface. It has a rough bitter taste, and a strong, very peculiar aromatic odour. 

The following are analyses of myrrh : - 


Resin .... 

23'0 

27*8 

44*76 

Essential oil , 

2*5 

2*6 

2*18 

Gum .... 

46*0 

54*4 

40*82 

Mucilage 

Eoroign matters (potas- 




sium-salts of sulphuric, 
benzoic, malic, acetic 




acid), &c. . 

. . 

1*4 

(foreign matter and ash) 7*51 

Water and impurities 

• . 

1*6 

115 


An alcoholic solution of myrrh concentrated by distillation, deposits as it cools a soft 
wsin, like turpentine, soluble in ether, slightly soluble in caustic potash, and imparting 
a violet-red colour to nitric aud acetic acid. 

Another resin, called myrrhin, remains dissolved in the alcohol, and may bo ob- 
tained by evaporation. It has the odour of myrrh, melts between 90° and 95°, and is 
soluble in ether. Heated for some hours to 168°, it swells up and gives off acid vapours 
(acetic or formic acid?), and loaves a red-brown transparent shining mass, withuut 
taste or smell, soluble in alcohol and ether, insoluble in cold and very slightly soluble 
in boiling potash. This product imparts a violet colour to cold nitric acid, and 
dissolves in sulphuric acid with red-brown colour. It gave by analysis 74*78 per 
cent, carbon, 8*06 hydrogen, and 17‘1G oxygen. (Ruikholdt.) 

The essential oil (myrrh ol) obtained by distilling the alcoholic extract of myrrh 
with water, is thick, yellowish, has a rough taste and pungent odour. It thickens and 
turns brown in contact with the air, dissolves in alcohol and ether, and is precipitated 
by water from its alcoholic solution in the form of a yellowish milk, acid to test-paper. 
It contains, according to Kuikholdt, 7961 per cent, carbon, 10*43 hydrogen, and 9*96 
oxygen. 

Gladstone (Chem. Soc. J. xvii. 11) has examined the volatilo oil obtained by 
directly distilling myrrh with water. It was very viscid and of a brownish-green 
colour; and began to boil at about 2GG°, giving an oxidised oil; which quickly resinised 
and retained its greenish colour, and strong smell of myrrh, after repeated rectification. 
Specific gravity = 10189 at 15‘5°. Index of refraction at 7*5 for the line A, 1*519G; 
I), 1*5278; H, 1*5472. Rotatory power = — 136, 

KYSEBXN and MYRBEOL. See tie last article. 

MYRT&B. Myrtus communis . — The berries of this plant contain, according to 
Riegel (Pharm. Centr. 1850, p. 319). chlorophyll, a green soft resin, a volatile oil 
(occurring also in tho leaves), a fixed oil, tannin, sugar, citric acid, malic acid, mucus, 
humous substances, and small quantities of potash and lime. 

Ofaspecimon of the volatile oil of myrtle, examined by Gladst one ( loc . c?'*.), three- 
fourths distilled over between 160° and 176°, leaving a reddish-brown residue which 
evolved sulphydric acid. The rectified distillate smelt like oil of bay, and exhibited the 
composition of a hydrocarbon isomeric with oil of turpentine, C^H 15 . Specific gravity 
«• 0*86il at 15*5°. Index of refraction at 14°, for the lino A, 1*4623 ; for D, 1*4680; 
for 9, 1‘4879. Specific rotatory power =s + 21°. 

MTSORIV, Anhydrous cupric ortho-carbonate, found in Mysore (see Carbonates, 
i. 783). 
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Rerderite ...... 
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Hif.chcockite • 
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Holmeaite (a. Clintonite, i. 1026). 
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428). 

Homichlin . . 
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Homolactic acid .... 
Homologous substances . 
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Honey-stone (s. Mellite, iiL. 871). 

Hop ..... . 
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Hordein ..... 
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Horn (8. Horny Two* IiL 170). 
Hornblende . . . . • 

1. Hornblende* with little or no Alu 
mine: 

Vot.ni. 


Hornblende : 

TWmolit^ Actinolite, Asbestos 
AnthophyHit « 

Cu m in i nytonite , A rfvedmn it# 

2. Hornblendes containing Alumina 
Common Hornblende , Uralite , l)i 
aatatite .... 
Altered forms of Hornblende 
Hornblende -rock .... 

Iloru-lead 

Horu-quicksilver .... 

Horn-silver 
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Humus ...... 
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Hurin 

Huronite 
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Hy renanc ho 

Hyalite (s. Opal). 

Hvalomdiinc (s. Trachylyte). , 

Ilyalophaue 

Tlyatosiderito .... 
Hvblite (s. Palagonite). 

Hydantoic ac id . . • . , 

HydantoVu 

Hydracids 
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Ilvdramidea 
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Ilydrargamyl, Ilydrargethyl, &c. (s. 

Mercury-radicles, Organic, iii. 922). 
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Hyd routine 
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Hydrides ..... 
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284). 

Hydroaloetic acid . . i. 
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Chloro* nftro-hydrobeaxaroide 
Hydrobensile .... 
HydrobenzoYn . . . 

Hydroberberino .... 

Ethyl- bydroberberine . * 

Hydroboracite 

Hydroborocaldte (s. Borocaldte, 1 02fl). 
Rydrobromic acid (s. Bromide of Hy- 
drogen, i. 672). 

Hydrobryetin . , . . , 

Ilyilrobttcholxite (s. Kyanite, ill 446). 
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Hydrofluosilicates (s. Silicon, Fluoride of). 
Hydrogalactometer .... 
Hydrogen . . . • 

Hydrogen, Antimonide of (s. Antimony, 
Hydride of, i. 322). 

Hydrogen, Arsenide of (s. Arsenic, Hy- 
drides of, i. 371). 

Hydrogen, Bromido of (8. Bromide of 
Hydrogen, i. 672). 

Hydrogen, Chloride of (s. Chlorhydric 
acid, i. 890). 

Hydrogen, Fluoride of (s. Fiuorhydric 
acid, ii. C69). 

Hydrogen, Iodide of (s. Iodide of Hy- 
drogen, iii. 284). 

Hydrogen, Oxides of : 

Protoxide: Water 
Dioxide or Peroxide 
Trioxide ? • 

Hydrogen, Phosphide of : 

Phosphoretted Hydrogen or Phos- 

phamine 

Liquid Phosphide .... 
Solid Phosphide .... 
Hydrogen, Selenide of . 

Hydrogen, Sulphides of: 

Protosulphide: Sulphydric or Hy~ 
dr o sulphuric acid 

Persulphide 

Hydrogen, Telluride of . 

Hvdrohalite 

Hydrokinone (s. Hydroquinone, iii. 213). 
Hydroleic acid (s. Oleic acid). 

Hydrolite (s. Graelinitc, ii. 924). 
Hydromagnesite . . . . . 

liydromagnocalcitc (b. Hydrodolomite, 

iii. 192). 

Ilydroraargaric and Hydromargantic 

Hvdromellone* (s. Mellon©, iii. 874). 
Hydrometer .... 
Graduation of Hydrometers 
Sykes’s Hydrometer . 

Jones’s Hydrometer 
Bautn^s Hydrometer 
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Ilygrine .... 
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Dobereiner . 
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Hypochlorites 

IJypochlorous acid and anhydride 

Hvpogasis acid 

llypogullic add 

llypo-iodous acid ( 3 , Iodine, Oxvgcn- 
acids of, iii. 2U7). 

Hypo-niobic acid (a. Niobium). 

H vponitric acid (&. Nitrogen, Oxides of). 
Ilvponitromecomc acid .... 

llyponitrousautd 

Ily|K)pbosphorous acid* (a. Phosphorus, 
Oxygen -acids of). 

Iiyposclerite ...... 

liy postil bite (s. Stilbite). 
Hyposulpbamylic acid .... 

Hy posulphar sen ions acid 
Hyposulphethylic acid .... 

Hyposulphiudigotic or Hyposulphocue- 
rulic acid (s. Indigo-sulphuric ucids, 
iii. 268). 

Hyposulphoglutic acid (s. Sulphoglutic 
acid). 

llyposulphometby lie acid 
liypnsulphonaphlhalic and Hyposulplio- 
naplithenic acids (a. Sulphouaphthalie 
acids). 

Hy posulphophosphoric and Hyposulpbo- 
phorous acids (a. Phosphorus, Sul- 
phides of). 

Hyposulphuric and Ilyposulphurous 
acids (a. Sulphur, Oxygen-acids of). 
Hypovanadic acid (a. Vanadium), 

Hypoxanthine 

li vssopine ...... 

Hyssop, Oil of . 

liysUitite 


laspachatea 

Ibcrite 

Ice-spur ..... 

Iceland-spar ..... 

Jchthidin 

Ichthin 

Ichthulin 

Ichthyocoli ’(a. Gelatin, ii. 826). 
Ichthyophthalmite (a. Apophyllite i. i 

lci< , a-rcain 

Idiotype 

Idocrase (a. Vesuvian). 

Idrialin 

Idrialite . 
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Igasuric acid .... 
Igasurine ..... 

Iglcaiasite 

Iglito or Igloite .... 
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Ilicxc acid 
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I Itncoite 
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llraite (s. Licvrite, iii 689). 
Imabenzile ..... 
Imasatic acid (a. I sa mic add, iii 408). 
Imasatin 

Imatra stone# . 

ImeMtin 

Imidea . • • * 

in) pen tori# . • ♦ 


Iinperatorin (s. Peucedaninl 
Incineration (a. Ash, i. 417). 

Indclibrome 

lndianito 

Indian Ink, or China Ink . , 

Iridiau Ked ..... 

Indian Yellow 

Indican 

Oxindicanin, Oxindicasin, and 

indicasin 

Indicaniu ...... 

ludifulviu ...... 

Indifuscin and Iudifuscono . 

Indiglucin 

Iudigu-blue 
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Purification 
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ii Urine-vut .... 
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lndicau ..... 

Propertiea 

Decompositions .... 
Testing and Valuation . 

Indigo- brown 

Indigo-gluten 
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Indigo-purplo ..... 

Indigo- red 
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Hulphoccnrid c acid . 
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gotatea . . . , , J 

Sulphoplicenicic acid . . , ; 

Decomposition products of tbo 
Indigo-sulphuric acids ; — Sul- 
pholl a v ic, Su I jdiofu I v ic, S u I pb o- 
r 11 lie, Sulphopurpuric, and Sui- 


phoviridic acids 

. 202 

Indigolie acid 

. 203 

Jndjgoten (a. Indigo-blue), 
hid igo-w bite .... 

. 

Indigo- veJlow 

.' 204 

Indihumilt .... 


Indin ..... 

-- 

Dibromindin . 

‘ 266 

Dicbloriiidin . 


Tetrachloriudin 

266 

IJydrindin 


Nitrindin . . , . 

__ 

Indin-sulphuric acid 

207 

Hydrindin-sulphuric acid 


Leucindin-sulphuric acid 

. 268 

Indiretin .... 



Jridirubin .... 

» 

Indium 

; — 


Induction. Eloctrical (*. Electricity, ii. 
884,461). 

Induction, Magnetic (e. Magnetism, iii. 

Induction, Photochemical (a. Light, 
Chemical Action of, iii 880). 

Infusoria ...... 

Infusorial earth . . , . . 

Ink. 
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270 
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Blue, Yellow, and Green Inks 


272 

Sympathetic Inks . 

Marking Inks .... 


— - 

Printing Ink .... 


— 

Lithographic Ink . 


273 

Inocarpin ..... 


274 

Inosic acid 


— 

Inosite . . . . . 


— 

Nitro-inosite .... 


276 

Insolinic acid (a. Terephthalie acid). 

Intestinal Concretions . 


— 

Intestinal Juice .... 


277 

Inulin 


— 

Iodacetic acid 


279 

Di-iodacetic acid . 


— 

Iodacetyl ..... 


280 

Iodal 


— 

Iodamides and Iodammoniums : 

1. Iodamides .... 


— 

2. Iodammonium . 


282 

3. Iodide of Iodammonium 


— 

lodaniline (s. Phenylamines). 

Iodanisic acid ..... 


283 


Iodarsenious acid (s. Arsenic, Oxy-iodide 
of, i. 386). 

Iodntes (s’. Iodine, Oxygen-acids of, 
iii. 300). 

Iodaurates (a. Gold, Iodides of, ii. 929). 

Iodethylaraiue (s. F.thylamine, ii. 538). 

Iodethylene (s. Ethylene, Iodatcd, ii. 

579). 

Iodhydric acid (a. Iodide of Hydrogen, 
iii. 284). 

Iodhydrins — 

Iodide of Acetyl 284 

Iodide of Aluminium . . . . — 

Iodide of Ammonia (a. Iod ammonium, 

111 . 282 ). 

Iodide of Boron (s. Boron, i. 627). 

Iodide of Hydrogen .... — 

Iodide of Nitrogen (s. Iodamides,iii. 280). 

Iodides, Metallic 286 

Iodides, Organic . . . . . 288 

Iodides of Nitrogen (a. Iodamides, iii. 


280). 

Iodides of Phosphorus, Selenium, Sul- 
phurj and Tellurium (a. the several 
elements). 

Iodine 

Sources 

Preparation : 

1. From Varec or Kelp 

2. From the mother-liquor of the 
Caliche of Peru 

3. From Mineral waters . 

Properties 

Iodine, Bromides of ... 
Iodine, Chlorides of ... 

Protochloride . . . • 

Trichloride 

Tetra- and Penta-cbloride 
Iodine, Detection and Estimation of . 

Reactions 

Quantitative estimation. 

Atomic Weight of Iodine 
Iodine, Oxides and Oxygen-acids of . 
iiypoiodous acid . 

Periodic Oxide and allied Oxides . 
Iodic acid and anhydride 
Iodates ... 


289 

-290 

291 

292 

293 

294 

295 


296 

297 

298 
300 


Iodine, Oxides and Oxygen-acids of: 
Periodic acid an^ anhydride . 

Periodates 

Iodine, Selenide, Sulphide, and Telluride 
of (s. Selcninm, Sulphur, and Tel- 
lurium, Iodides of ). 

Iodite, Iodopyrite, Iodic Silver 

lodobehzoic acid 

Iodobrucine 

Iodo-caoutchin (s. Caoutchin, i. 737). 
Jodo-chloro-nitroharmine (s. Harmine, 
iii. 11). 

lodocinchonine (s. Cinchonine, i. 979). 

Iodocinnamic acid 

Iodocode'ine 

Iodoform 

Iodolite 

Iodomecone 

Todomeconin (s. Meconin, iii. 861). 
Iodomel aniline (s. Melaniline, under 
Phenylamines). 

Iodomercurates . 

Iodomethvlamine (a. Metliylamines, iii. 
997). ' 

Iodomethyl-selenious acid (s. Selenious 
ethers). 

Iodomorphine (s. Morphine, iii. 861). 
Iodonicotine (s. Nicotine), 
ldonitroharmine (s. Ilarmine, iii. 1 1). 
Iodonitrophenic acid (s. Phenic acid, 
Derivatives of). 

Iodopapaverinc (s. Papaverine). 
Iodophenylaraine (s. Phenylamines). 
Iodophenylcitraconimide (s. Citraconic 
acid, Amides of, i. 993). 

Iodopianyl (syn. with lodomeconine). 

Iodoplatinates 

lodopropvleue (s. Ally!, Iodides of, i. 
142) * 

Iodopyrite (s. Iodite). 
lodopyromeconic acid (s. Fyromeconic 
acid). 

Iodoquinine (s. Quinine). 

Iodosalicylic acid (s. Salicylic, acid). 
Iodostrychniue (s. Strychnine). 
Iodo-substitution-coiu pounds 
Iodosulphide of Antimony (s. Antimony, 
i. 338). 

Iodotellurates (s. Tellurium, Iodide of). 
Iodotoluylic acid (s. Toluylic acid), 
lolite (s. Dichroite, ii. 320). 

Ionaphthin 

Ipecacuanha 

Ipecuanic acid 

T pomteic acid ...... 

Iridium 

Extraction 

Properties 

Iridium, Alloys of . . . . . 

Iridium, Carbide of ... 

Iridium, Chlorides of ... 

Protochloride 

Sesquteh Inride .... 

Chloriridites .... 

Dichloride 

Chloriridiates .... 

Trichloride 

Iridium, Detection and Estimation of: 

Reactions 

Quantitative Estimation and Sepa- 
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Atomic Weight .... 
Iridium, Iodides of ... 
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Iridium, Oxides of 822 

Iridium, Oxygen-salts of — 

Iridium, Sulphides of .... 823 
Iridium-bases, Ammoniaeal ... 

Iridosmine 321 

Irisine (s. Chinoline, i. 871). 

I rite 325 

Iron — 

Malleable Iron .... 326 

Analyses of British and Foreign 
malleable iron .... 328 

Cast-iron, Pig-iron .... 323 

Analyses 332 

Occurrence of Metallic iron : 

1. Telluric iron .... 835 

2. Meteoric iron . . . . 336 

Iron ores : 

Native Magnetic Oxide . . — 

NativeFerric Oxide: lied 1 hematite; 337 
Sftecufar iron ore. . . 338 

NativeFerric Hydrate: Brown 

iron ore ..... — 

Native Ferrous Carbonate: Spa- 
thic iron ore .... 330 

Clay iron ore . . . .310 

Native Iron sulphides . . . 313 

Preparation of mnlicahlo iron . — 

1. Direct production from tho 

ore: Catalan method . . 341 

2. Indirect process : ... — 

Refining- 315 

Puddling 847 

“ Pig-boiling ”... 349 
Shingling or Blooming . . 851 

Rolling 352 

Re-heating .... — 

Waste of Iron and consump- 
tion of Fuel in the Refin- 
ing and Puddling process . 353 

Bessemer's Atmospheric process 355 

Iron smelting 356 

Blnst-fumaco .... 357 
Analyses of Blast-furnace Slags . 35 9 

Conditions of tho ecn nominal con- j 
sumption of Fuel in Iron- ! 

smelting 362 j 

Analyses of Gas from Blast-fur- 
naces ..... 365 

Hot- blast 367 

Iron, Alloys of — 

Iron, Bromides of 37 J 

Iron, Carbides or Carburets of . . — 

Iron, Carbonate of fs. Carbonates, i. 784). 

Iron, Carburetted, Analysis of . . — 

1. Estimation of the entire amount 
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2. Estimation of the Graphite, or 
mechanically mixed Carbon . 372 

8. Estimation of combined Carbon — 

4. Estimation of Silicon ... — 

6. Estimation of Nitrogen . . 873 

6. Estimation of Sulphur . . — - 

7. Estimation of Phosphorus . . — 

8. Estimation of Arsenic . .374 

9. Estimation of Manganese . , — 

10. Estimation of Copper and Lead . — 
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cium, and the Alkali-metals — 

18. Estimation of Chromium, Va- 
nadium, Titanium, Molybdenum, 
and Tungsten . . . . — - 

14. Estimation of the Iron 376 


Iron, Chlorides of : 

Ferrous Chloride .... 
Hydrated Ferrous Chloride. 
Double salts of Ferrous Chloride. 
Ferric Chloride .... 
Hydrated Ferric Chloride . 

Basic Ferric Chloride or Oxy- 
chloride . . . . * . 
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Iron, Cyanides of (s Cyanides, ii. 221). 
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J. Blowpipe reactions . . , 
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Of Ferrous salts . . . 881 

3. Quantitative Estimation : 

Gravimetric Methods . . 882 

Volumetric Methods . . 884 
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/ 3 . Methods depending on Re- 
duction .... 383 


4. Separation of Iron from 

other 
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. 880 
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. 888 

ft. In the dry way . 

. . — 

C. Atomic Weight of Iron 

380 

Iron, Fluorides of . 

. 300 

Iron Glance .... 

. . 
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893-399) . 

Iron, Hydride of 

Iron, Iodides of 
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Iron, Native (iii. 835). 
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Ferrous salts .... 
Ferric Oxide ..... 
Hydrated Ferric oxide 
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Iron, Oxybroroide of . ' . 
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Iron, Oxygen -salts of . 

Iron, Oxysulphide of (p. 400). 
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Octaferric Sulphide . . , 
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Iron, Tantalate of (s. Tantalite). 

Iron, Telluric 

Iron, Telluride of (s. Tellurides). 

Iron, Tungstate of (s. Tungstates) 
Isamic acid .... 

Chlorisamic acid . • 

Isamide . . . . 

Isatan 

Isatic acid .... 
Bromisatic acids 
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Isatilim 

Isatimide .... 

Isatin ..... 
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Isocajputene (s. Cajputene, i. 811) 
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Isocvanuvic acid (s. Fulminuric acid, ii 
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Isodibromosuccinic acid (a. Succinic 
acid). 
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Isomeric Hydrocarbons . 
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gen and Oxygen : 

Compound Ethers 
Alcohols and Ethers . 
Aldehydes and Ketones 
Metameric Alcohols 
Metameric acids . . 

Polyatomic Alcohols . 

Isomers containing Carbon, Hydro 
gen, and Nitrogen . • 

Isomers containing Carbon, Hydro 
gen, Nitrogen, and Oxygen 
Isomers among Inorganic Sub 
stances .... 

Isomorphism 

Table of Isomorphous Groups . 
Isomorphous Elements . • # - 
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Isotomous, Homoeomorphous, Hete- 
romorphous, Anisomorphous, and 
Anisotomous bodies 
Atomic volumes of Isomorphous 
bodies . . 

Polymeric Isomorphism . _ . 
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Itaconic ether . . 

Ittnerite .... 
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Ixolite .... 

J. 
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Jatropha 
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Jefrcinoflite .... 
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Jet . . . > - 

Jewreinowito (a. JefYeinoflite) 
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Johnitc (a. Turquois). 
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Juniper 
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K. 

Kaemmercrite 
Ksempferide ^ • 
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Karel inite .... 
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Ketones (s. Acetones, i. 31;. 

Khava . 

Kibdclophane 
KiffekiU 
Kieserite . 

Kilbrickenite 
Killaa . . 

Killinite 

Kinic acid (s. Quinic acid). 

Kino 

Kinone (a. Quinone). 

Kinovous acid 
Kinzigite 
Kir 

Kirwanito 

Klaprothin (a. LazuJite, 

Klinoelase 
Knebelito . 

Kobellito 
Koenigite 
Koenlite ♦ 

Koenlinito 
Koettigite 
Kokacharowite 
Korlte (a. Palagonite), 

Koumiss 

Koupholito (p. Prohnitc), 

Krablite (s. liaulito, i. 620). 
Krameric acid 
Krantzite 
Kraurite 

Krcittonite (s. Spinel). 

Kremersito 
Kreisuvigite \ 

Krokoite (a. Crocoisite, 

Kupraphito (a. Tyrol ite). 
Kvametbine (s. Cyamethino, ii. 188), 
KyanotUine (a. Cyanctliine, ii. 18D). 
Kyanite . 

Kyanol . 

Kyaphenine . 

Kymatin 
Kynurenic acid 
Kypholite (s. Serpentine). 

Kyrosite .... 


L. 
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Lnbdanum or Ladanum . 

. 460 

Labrador! te ... 

. — 

Lab urn ic acid . 

. 461 

Lac ...... 

. — 

Lac-dye 

. 462 

Lactamethnne • 

— 

Lactamic acid .... 

. 458 

Lactamide 

. — 

Lactethylamide . 

. — 

Lactic acid ..... 

. — 

Sarcolactic or Paralactic acid . 

. 457 

Thebolactic acid 

. — 

Lactates 

, — 

Acetolactic acid . • 

. 460 

Bensolactio acid (i. 661). 
Butyrolactic acid . 



Dilactic acid .... 

. 4G1 


j&utri'tavuv wiu amt 

Lactyl-sulphuroua acid . 
Methyl-lactic acid (s. Lactic Ethers) 
Succino-lactic acids . • 

Solpholactk acid • 

TrUacticadd . ... 


462 


. 1021 ), 


Lactic Anhydride . 

Lactic Ktliors 

Lactates of Ethyl . 

Monet hylic Lactate 
Ethyl-lactic acid 
Diet hylic Lactate 
Lactates of Methyl 
Methyl-lactic acid 
Lactide 
Lactidic acid 
Lactin (a. Milk-sugar, iii. 

Lactone 

Lactose (a. Milk-sugar, iii. 1022), 
Laetuca . . - . 

Lactuoarium . 

Lactucerin 
Lactticic acid . 

Lactiicin 
Lactucnne 
Lactucopicrin 
Lactyl, Chloride of 
Lagonite 
Lake 

Laminaria (a. Sea-weed 
Lampadito (a. Wad). 

Lamp-black 
Lana pbiloaophica . 

Lanark ite 
Lancaatcrito . 

Lantanuric acid 
Lanthnnito 
Lanthanum . 

Lanthanum, Chloride of 
Lanthanum, Detection and Estimnt 
Lanthanum, Fluoride of 
Lanthanum, Oxides of . 
Lanthanum, Oxychloride of 
Lanthanum, Oxygen-salts of 
Lanthanum, Sulphide of 
La path in 
Lapis Lazuli . 

Lapis Ollftrirt . . 

Larch (s. Larix). 

Lardito . 

Larix .... 

Larix inie acid 
Lasionitc (s. WavelJite). 

Lnsurite 
Losylic acid 
J .ate rite 
Latex . 

Lathy ru* 

Latrobite (a. A north! tc, i. 808). 
Laumontito 
Laurelic acid 
Laurie acid 
La urates 
Laurie Ethers 

La urate of Ethyl : * 

La urate of Glyceryl 
stearin . ' * 

Laurin .... 

Laurone 
Lauroateurin (». Laurie Ethera\ 
Laurus Camnhora, Oil of (i. 729). 
Laurus nobilia 
Lava (*. Volcanic products). 
Lavender, Oil of . 

Lavendulan . 

Lazulite 
Lead . 

Historical notices 
Ores of Lead . 


rAGE 

462 


468 

464 
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466 


467 


468 
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i of — 
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or Lauro- 


472 

478 

476 

476 

477 


478 

479 
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i ^Lead-1 


487 j 
488 


489 


Metallurgical Treatment of Lead 

ores 

I. Reduction of Lead ores . 

1. Reduction of Sulphur ores in 
Reverberatory Furnaces . 
a. Method by double decom- 
position .... 
English Process 
Carinthia Process . 

French Process 
Analysis of Lead-slags 
from Rererberntory Fur- 
naces ’ . 

Action of the Gangue 
b. Process by Affinity . 

The reduction of Oxygen 
ores of Lead . 

Spanish Air Furnace 
Horno de Gran Tiro 
2. The reduction of Lead- ores 
in Blast Furnaces 

a. The Cupola or Blast Fur- 

nace 

Silesian Furnace 
Hartz Furnace 
Analyses of Matts 
Analyses of Lead- slags 
from Blast Furnaces 
Spanish Economic Furnace 

b. The Ore Hearth 
The Backwoods Hearth 
The American Hearth 
The Scotch Hearth . 

Chemical reactions in the 
Blast Furnace . 

II. The Relining of the Lead 

1. Desilverisation : Pattinson’s 

Process 

Stagg’s Apparatus — Wors 
ley’s Apparatus 
Parkes* Process . 

Separation of Copper in crys 
tallisation .... 

2. CupellationorRefiningof rich 

Lend .... 

The English system 

Chambers’s Steam Blast 
Johnson’s Process 
The German System . 

Separation of Lead from 
Bismuth . 

Manufacture of Litharge 
8. Reduction of the Pot-dross 
and Litharge 

III. Softening of Hard Lead 
Calcination of the Lead . 

Pontrfex and Glassford’s 
Process 

Reduction of the Dross . 

Separation of the Antimony 
Cost of treating Spanish Hard 

Lead 

IY. Smelting of the Slags and 
other products : 

1. The English Slag Hearth 

2. The Clausthal Blast Fur- 
nace .... 

V. Condensation of the Lead 
Fume .... 

Stokoc’s Condenser . 

f’s Condenser . . . 524 

d- Fumes . . 526 


481 


482 


485 

486 


491 


492 

493 
495 

497 


501 

504 


507 


508 


510 

511 

512 

513 
5H 

515 

616 


518 

519 


520 


521 

623 


Lead, Alloys of . . . 

* * Mil 

1. With Antimony : Type-metal 

2. With Arsenic . ~~ 

3. With Bismuth; 4. With Bis- ~~ 

muth and Antimony; 5. With 
Chromium ; 6, With Copper 
7 . W ith Manganese ; 8. With Mer- 
cury; 9. With Mercury and 
Antimony; 10. With Potas- 
sium and Sodium . 

11. With Tin; Pewter, Solder , &c. 

12. With Tin and Bismuth: Fusi- 
ble alloys . 

13. With Tin , Mercury, and Bis- 

muth . 

14. With Tin and Copper: Bronze , 
Bell-metal , &c. 


533 


531 


536 


15. With Zinc 

. 537 

Lead, Antimonide of (p. 532). 
Lead, Arsenide of (p. 532). 


Lead, Bromide of . 

. 538 


Acetobromide 
Lead, Bromocarbonate. 

Lea’d, Broniophosphate and Bromophos- 
phite of 

Lead, Chloride of . 

Acetochluride 
Lead, Chlorocarbonate of 
Lead, Chloriodide of 
Lead, Chlorofluoride of. 

Lead, Chlorophosphate of 
Lead, Chlorophosphitc of 
Lead, Detection and Estimation of : 

I. Reactions in the Dry Way 
II. Reactions in Solution . 

III. Quantitative Estimation : 

1. Gravimetric methods 

2. Volumetric methods 

IV. Separation of Lead from other 

Metals. 

V. Valuation of Lead ores: 

a. By the Wet Way . 

b . By the Dry Way . 
Estimation of the Silver 

VI. Atomic Weight of Lead 

Lead, Fluoride of . 

Lead, Hydro-aluminous (s. Plumbo- 
resinite) . 

Lead, Iodide of 
Aceto-iodide 
Iodo-chloride 

Double salts with the Iodides of Po- 
tassium and Sodium 
Lead Ores 
Lead, Oxides of . 

Suboxide 
Protoxide 
Red oxide 
Sesquioxide . 

Dioxide or Peroxide 
Compounds with acids : Peroxy- 
plumbic salts . 

Plumbates 

Lead, Oxybromide of . 

Lead, Oxychlorides of . 

Lead, Ox^cyanide of (s. Cyanides, ii 

Lead, Oxyfluoride of (iii. 547). 

Lead, Oxygen-salts of . . . . 567 

Lead, Oxy-iodides of . . . . — 

Lead, Phosphide of . . , — 


539 


540 


641 


542 

544 

546 

547 


649 


651 

553 

554 


555 
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Lead, Selenide of • 

Lead, Sulphides of: 

Tetartosulphide 
Hemisulphide 
Protosulphide : Galena . 
Persulphide .... 
Lead, Sulphoc&rbonate of (a. Sulphocar 


PA OB 

. 667 


658 

659 


Leek 

Leelite (s. Helled into, iii. 141). 
Legumin 
Lehmarmite . 

Lehrbarhilc . 

Lebuntiu- 

Leidenfrost'a Phenol 
Lenina 

I^emnian Earth 
Umon (s. Citrus, i. 1003). 

Lentil 
l^enzinite 
Leonhanlite . 

I/eopardite 
Lep Amine 
Lepargylic acid 
Lepidine 

Amyl-lepidine 

Diamyl-lepidine, or Lepamine 
Ethyl-lepiduie 
Methyl -lepidine 
Lepidocrocite . 

Lepidolite 
Lepidornelane • 

Lepolite . . 

Lcptynite 
Lethal (s. Myrieli© Alcohol, ill. 1072> 
Leacaniline . . * 

Trlphenyl-leuc anfl ine 
LeacasoUtnun (a. Litmus, 1U. 730). 
Leochtonbergite 


5r 8 

670 


57 2 
673 


671 


676 


Leudc acid 
Leucates 
Leucic Ether 
Lcucindin-sulphurie acid (s. Indin-aul 
phuric acid, iii. 268). 

Leucine . 

Compounds of Leucine with Acids 
ami Bases 


Lead, Sw»hochloride of. 

. 


# 



Paeudoleucine . 




Lead, Sulphocyanate of (s. Sulphocy 

1- 


Leucite 


683 

nates). 





Leucocyelite .... 


— 

Lead, White . . • 

. 

. 

, 

— 

i/cucoharmino 


— 

Lead- glance (p. 558). 





Leucolino .... 


— 

Lead-glass 




560 

Leucolite (s. Pycnite). 



Lead- glaze 




— 

I.eucone 


684 

Leadluilite . . • 




— 

Leuconic acid .... 


— 

Lead-matt . • 




— 

I^uconitrile .... 


— 

Lead-ochre 




— 

Leucophane .... 


— 

Lead- plaster . 




— 

I^eucophyll .... 


— 

Lead -radicles. Organic . 




— 

Leucopyrito .... 


685 

Plumbotriamyl 




— 

Leucorcuin .... 


— 

Plumhotriethvl 




561 

Leucoturic acid 


— 

Plumbotetrethyl 




563 

Levolusan, or Lmvolusan 


— 

Plumbotriniethyl . 




— 

I«evigation .... 


— 

Plum bote trame thy 1 




— 

Levy n e 


— 

Lead -soaps 




561 

Lhcrzolite .... 


— 

Lead -speiss ... 




— 

Liatris 


— 

Lead- vitriol . 




— 

Libethenite .... 


— 

Leaf-green (a. Chlorophyll, i. 922). 



Mchenic acid (s. Fumaric acid, i 

i. 741).* 

r>86 

Leaf-red (a. Erytlirophvll, 

il. 506). 



Lichcnin .... 


Leaf-yellow (s. Xanthophyll). 




Lichens ... 


— 

Leather .... 




— 

Lichcnstenric acid . . . 


— 

Lecanoric acid 




665 

Liebenerite .... 


687 

Lucanorin 




666 

Liebigito .... 


— 

lecithin .... 




— 

Lienin 



I.econtite 




— 

Lievrite 


— 

]*edererite 




567 

Light . 


— 

Lederite (s. Sphene). 





Sources of Light: 



Led i tannic acid . . 




— 

The Sun and fixed Stars 


690 

J.edixanthin . 




— i 

Combustion 


— - 

Ledum, Od of 





Phosphorescence . 


— 

Leedaile .... 




— 1 

The Electric Light 


692 


rAcm 

675 

fiiri 

673 


68 * 


of 


Radiation 

Velocity of Light 

1. Measurement bv observa- 

tions of the Eclipses 
Jupiter's Satellites . 

2. By the Aberration of the 

fixed Stars 

8. Measurement of the Velo 
city of Light by small 
d istanees : 

«. Fizeou's Method 
6. II v means of a revolving 
Mirror .... 
Intensity of Lfght .... 
Comparison of the Intensity of 
two Luminous Sources t PAo- 

tome fry 

Rum ford's Photometer . 
Bunsen's Photometer 
Masson’s Klectro-Pbotomoter . 
General results of Photometric 
Observation .... 

Interference 

Fresnel's Mirror Experiment 
Measurement of Wave-lengths , 
Diffraction . . . 

L Fringes produced by Rays 
passing along the Edge or a 
perpen ... • . . 

% Fringes produced by narrow 
rectangul 


593 


694 


696 


697 


698 

699 
600 
601 


004 

608 
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Light: 


3. Fringes produced by two 

narrow Slits very closa to- 
gether 604 

4. Fringes produced by very 

narrow Screens . . . -— 

5. Fringes produced by Screens 

or Apertures very small in all 
directions .... 605 

6. Fringes produced by Grat- 

ings or Network . . — 

Parallel Gratings. . • — 

Irregular Gratings . . 607 

Gratings or Network with 
square or round Meshes . 608 

Reflecting Gratings or stri- 
ated Surfaces ... — 

Reflection and Refraction . . — 

Limitation of Reflected and 
Refracted rays .... 

Absorption 

Refraction through Prisms » 

Angle of Least Deviation 
Measurement of Refractive In- 
dices of Solids and Liquids . 

Tables of Refractive Indices 
of Solids and Liquids 
Index of Refraction of Gases : 
Refractive Power . 

Dispersion 

Newton’s discovery of the Com- 
posite nature of Solar Light 619 
Methods of obtaining the Solar 
Spectrum .... — 

Fixed Lines in the Solar Spec- 
trum 

Effect of Coloured Gases on the 
appearance of the Lines 
Spectra of Flames and Incan- 
descent Bodies 

Spectra of the Electric Light . 
Kirchhoff’s Theory of the 
Lines in the Solar Spectrum . 
Dispersive Powers of different 

Media 

Coefficients of Dispersion.— 
Partial Dispersion 
Gladstone and Dale’s researches 
on the Refraction, Disper- 
sion, and Sensitiveness of 
Liquids . . 

Tables of Specific Refractive 
Energy and Specific Dis- 
persion .... 

Table of the Refractive in- 
dices of various Liquids for 
the lines A, D, II at 
different temperatures 
Table of the Refractive in- 
dices of various Liquids for 
the lines A, B, C, D, E, 

F, G, H at 20° C. . 

Heating, Chemical, and Phos- 
phorogenic Rays of the Spec- 
trum . ... 

Identity of the Calorific, Lu- 
minous, Chemical, and 
Phosphorogenic Rays . 632 

Fluorescence 639 

Absorption 636 

Coloured Absorption . . . 637 

Absorption -spectra of coloured 


609 

610 
611 
612 


615 


616 

618 


620 

621 


622 


623 


624 


625 


626 


629 


631 


?AOU 

ight: 

liquids : Experiments of 
Stokes and Gladstone . . 637 

Brewster’s Theory of the Spec- 
trum . . . . . 640 

Observations of Airy and 
Helmholtz . . . 641 

Decomposition of Light by Reflec- 
tion — 

Colours of Bodies . . . — 

Stokes’s Observations on the 
relation between Absorption 
and Reflection . . . . 642 

The Colours of Thin Plates . . 643 

Relation between the Indices of 
Refraction and the Thicknesses 
of the Films .... 645 
Newton’s Table of the Colours of 
Thin Plates .... 646 
Colours of Thick Plates . . — 

Composition of Colours . . 647 

Helmholtz’s Method of Observa- 
tion 648 

Complementary Colours . . — 

Newton’s Construction for the 

calculation of Composite Col- 
ours 649 

Maxwell’s Method . . . 650 

Nomenclature of Colours . . 651 

Chevreul’s Chromatic Circle . 652 
Polarisation and Double Refraction — 

1. Polarisation by Reflection from 

the Surfaces of Transparent 
Media .... 653 
Polarising Angle . . — 

2. By Ordinary Refraction . . 654 

3. By Double Refraction . . 655 

Separation of the Polarised 

Beams : 

a . By Reflection: Nicholas 

Prism. .... — 

P. By Absorption : Tourma- 
lines .... — 

Nature of Polarised Light . . 656 

Interference of Polarised Rays 657 
Plane, Circular, and Elliptic 
Polarisation . . . 658 

Theory of Double Refraction : 

Crystals with One Optic Axis 660 
Crystals with Two Optic Axes 663 
Reflection from Double Refract- 
ing Media .... 666 
Colours of Polarised Light . . — 

Coloured Rings : 

In Uniaxial Crystals . . 667 

In Biaxial Crystals . 668 

Measurement of the Angle 
between the Axes . . 669 

Double- refracting Structure 
produced by Molecular 
Tension .... 670 

Absorption of Light by Double- 
refracting Crystals : DichroUm — 
Circular Polarisation . . . 671 

In Quartz and other Crystals . — 

In Organic bodies . . . 672 

Specific Rotatory power . 673 
Transition tint . . . — • 

Relation between Optical rotatory 
form and Crystalline form . . 675 

Circular Polarisation induced by 
Magnetic action . . a>7a 


, 676 
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Light, Chemical action of 
- Measurement of the Chemical ac- 
tion of Light .... 
Chlorine anti Hydrogen Chemical 
Photometer ot 7 Bunsen and Jtoa- 
coe ... . 

Photochemical Induction 
Comparative and absolute Measure- 
ment of the Chemical rays . 
Chemical action tf diffuse l)ay- 

„ hght 

Chemical action of direct Sun-light 
Measurement of the Chemical ac- 
tion of the Constituent Parts of 
the Solar Spectrum 
Chemical Photometer adapted to 
tho purposes of Meteorological 
Kegistration .... 
Chomical Brightness of various 
points on tho Sun’s Surface 
Optical and Chemical Extinction of 
the Chemical Kays . 
Photographic Transparency, or 
Diactinic Power of different 
Media: Miller’s Experiments 
Influence of Light on Plants . 

Photography 

Early Experiments of Wedg- 
wood, Sir II. Davy, and Nifcpeo 
Daguerreotype . 

Talbotype 

Collodion Process 
Nature of. tho Chemical Change 
effected by Light on Silver 
Salts 

Chromophotogrnphy . 
Photographic Engraving, Li tho 
grapliy, and Galvanography 
Lignin (s. Cellulose, i. 8181 
Lignite (s. Coal, i. 1 032, ana Fuel, ii. 72 1 ). 

Lignol'n 

Lignone ar Xylite .... 
Ligulin (s. Ligustrutn). 

Ligurite 

Ligustrin ..... 

Ligustrum 

Lillite ...... 

Litnacin , ..... 

Lima* 

Limbdite 

Lime 

Lime, Chloride of . . 

Lime, Oil of 

Lime-flower, Oil of 

Limestone 

Limettic add 

Limonin 

Limonite 

Linarite 

Lincolnite (a. Stilbite). 

Lindackerite . ... 

Linin 

Linnsite 

Linoleic add 

Linseed 

Linseed oil ..... 

Li pari te (s. Floor spar, ii. 677). 

Lipie acid . . . . 

Lipy 1 • . ■ • « . • 

liquid 

Uqnidambar • . 

Liquids, Diffusion of . 

L Diffusion of Saline Solutions 


PAGK 

678 


679 

680 


681 


682 

683 


683 


686 

689 


690 


69i 


693 


694 


695 


696 


699 


700 


701 

702 


704 

706 




of: 


Gly 


Liquids, Diffusion of : 

2. Crystalloids and Colloids . 

8. Application of Liquid Diffusion 
to Chemical Analysis 
4. Dialysis . . * . 

Preparation of Colloid Sub 
stances by Dialysis 
Liquids, Dispersive Powers of (s. Light, 
ill. 624). 

Liquids, Expansion of (a Heat, iii. 52 V 
Liquids, Indices of Refraction of (a. 

Light, iii. 616, 627). 

Liquids, Osmose of 
liquids, Transpiration of 
Liquorice (see Glycyrrhizin, ii. 920). 
Liriodendrin . 

Liroconito 
Litheospore . , 

Lithium . 

Lithium, Chloride of 
Lithium, Detection and Estimation 

1. Reactions in tho dry way 

2. Reactions in Solution . 

8. Quantitative Estimation and Se- 
paration . 

A. Atomic Weight 
Lithium, Fluoride of 
Lithium, ( Ixide of . 

Lithium, Sulphide of 
Lithography (s. Printing, Chemical). 
Lithomarge . 

Lithospermum 
Litmus . 

Liver, (JIvcogenic Function of (a. 

cogon, ii. 906). 

Liver of Sulphur . 

Lixiviation 
Lixivium 
Loadstone 

Loam (s. Clay, i. 1023). 

Lobe-lino 

Loboito .... 

Ixrlingito 
Log write 
Logan i to 

Logwood . . . 

limonite («. Laumontite, iii. 

Londiidite 

Loj>ez-root . . * 

Lophine 

Lophine-ialta . 

Lotalite . 

Loxoclase 
Lubricants 
Lucifer matches 

Lucullite (s. Limestone, Hi. 697). 
Lumaccella (s. Limestone, iii. 

Luna cornea . 

Lunar caustic . '. 

Lupinin , 

Lupulin . 

Lupus Metal lorn m . 

Lute ... 

Luteolin . , 

Lutidine and 3 -Lutidine 
Ethyl- /Mutidine 
Ethyl 'lutidine 
M ethyl -0-lutidine 
Lycine . 

Lycopodium • 

Lydian stone . 

Lymph ... 

Lyncurion y . 


PAO» 

711 

713 

713 

717 


472 ). 


my. 


718 

722 

720 

727 


728 


720 


780 


782 


783 


784 

783 


738 

787 

733 


733 

743 
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PAGE 

. 740 


741 

744 

746 

748 


Mace 

Made 

Macles . . • • * • 

Madder . . • • • , • 

Chemical Constituents of Madder . 
Formation of the Red Colouring 

Matters 

Use of Madder in Dyeing 
Preparations of Madder . 

1. Sulphuric Charcoal. 2. Garan- 
cin. 3. Pincoffin. 4. Garan- 
ceux. 6. Flowers of Madder. 

6. Madder Extracts . . — - 

7. Madder-lakes . - • 

Valuation of Madder . . . — 

Madder, East Indian (s. Muojeet). 

Madrepores ~ 

Magistery 

Magma . • - • * 

Magnesia Alba 

Magnesia Nigra 

Magnesite 

Magnesium • • * * * 

Magnesium, Bromide of . . • toi 

Magnesium, Chloride of . • .* * 

Magnesium, Detection and Estimation 
of 

1. Reactions in the dry way . • — 

2. Reactions in Solution • • *" 

8. Quantitative Estimation and Se- 
paration . 

4. Atomic Weight . 

Magnesium, Fluoride of • • 

Magnesium, Fluoboride of (a. Boro- 
fluorides, i. 634). 

Magnesium, Fluosilicide of (s. Siiico- 
fluoridea). 

Magnesium, Iodide of . 

Magnesium, Nitride of . • 

Magnesium, Oxide of: Magnesia . 
Magnesium, Sulphide of 
Magnesium-ethyl • 

Magnesium-methyl - 

Magnetic Iron ore 

Magnetic Pyrites 

Magnetism . * . • * 

Distribution of Magnetic Power . 
Direction of a freely-suspended 
Magnetic Bar . • • • 

Magnetic Attraction and Repulsion 
Law of Force with regard to Dis- 
tance determined : 

1. By the Torsion Balance 

2. By the Method of Oscilla- 

3. By the Form of the Magnetic 

Curves - • * • 

Comparison of the Power of dif- 
ferent Magnets. Distribution 
of Magnetism . 

Magnetic Induction . • 

Molecular Constitution of Mag- 
nets 

Processes of Magnetisation 

By the Single and Double 
Touch . • • 

By the Electric Current . 

By Terrestrial Induction 
Circumstances which influence 
the Power of Magnets 
Influence of Si*e and Shape . 


758 

754 


755 


757 


758 


759 


763 


Magnetism : „ „ , . 

Influence of Hardening and 
Tempering .... 
Influence of Heat 
Influence of Mechanical Actions 
on the Magnetic Power of 
Iron . 

Torsion 

Traction and Flection 
Magnetism compared with Elec 
trieitv .... 
Universality of Magnetic Action- 
Diamagnetism . 

Specific Magnetism 

Influence of Temperature on 
Magnetism and Diamagnet- 
ism ..... 
Influence of Compression and 
Crystalline Structure on 
Magnetism and Diamognet 
ism . . 

Diamagnetic Polarity 
Theory of Diamagnetism 
Magnetism, Terrestrial . 

1. Declination 

2. Inclination, or Dip 
8. Intensity of the Earth’s Magnetu 

Force . . . • . • 

Variations of the Magnetic Ele 
ments .... 

Magneto-Electricity (s. Electricity, n, 
451). 

Magnetometer 
Magnium 
Magnoferrite . 

Mahogany 
Maize . - 

Majorana (s. Marjoram). 

Makwah Butter ^s. Galam Butter, h. 758) 

Malachite 

Malacolite 

Malacone • • * • • • 

Malamic acidlCs- Malic acid, Amides 
Malamide ) of, 796). 

Malamylic acid (s. Malic ethers). 

Malauil 
Malanilic acid 
Malanilide 
Maleic acid . 

Maleates 

Bromomaleic acids . 

Chloromaleic acid . 

„ Isomaleic acid 
Maleic Anhydride 
/Malic acid 
■— MalateB . 

Bromomalic acid 
Isomalic acid . 

Malic acid, Amides of . 

Malic acid, Phenylated Amidei of 

Diphenyl -nialamide or Malanilide 
Phenyl -malimide or Malanil . 
Phenyl-malamic acid or Malanilic 
acid 

Malic Ethers . 

Malolle . 

Malonic acid ♦ 

Malt . 

Maltha . 

Malthacite 
Maltose . 

Mancinite . • 

Mandelic acid • 


766 

767 
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770 
772 

774 


775 

776 
779 
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796 
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uulclic acid . 

Mandelates 800 

tngun-aniphibole (s. Rhodonite). 

Japanese 801 

History 

Preparation of the metal 

Properties 802 

Combinations .... 

.nganese, Alloys of 

.nganese, Arsenide of . . . . 803 

.nganese, Rroraide of . 

.ngane.se, Chlorides of: 
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